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INTRODUCTION

Past research mostly focused on upper ionosphere

* D-region largely neglected, but closest layer to lower atmosphere
and linked to both solar and terrestrial phenomena

» Radio wave propagation sensitive to D-region electron density
(N,) —especially high frequency (HF) waves—through refraction,
attenuation, and fading; accurate N, prediction critical for HF
communications

* D-region N,, In turn, sensitive to oscillations such as Quasi-Biennial
Oscillation (QBO), which transports momentum Iinto the upper
stratosphere and mesosphere/lower thermosphere (MLT)

 Open research guestions addressed here:

1. How strong & predictable is the D-region N, & QBO relationship?
2. What are Iits latitudinal extent and hemispheric tendencies?
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METHODOLOGY research overlayed.

« Equatorially averaged the day and night electron density then
detrended using a Savitzky-Golay filter (solar cycle removed).

* A Butterworth low-pass filter was also applied to the equatorially
averaged electron density.

« Separated the day and night electron density into 10-degree
latitude bins from -50 degrees to 50 degrees then detrended using
a Savitzky-Golay filter.

 Applied a fast Fourier transform (FFT) to equatorially averaged
detrended day and night electron density, QBO 10 mb, QBO 30
mb, and the binned electron density.

« After normalizing the equatorially averaged and detrended electron
density and both QBO pressure levels, a continuous wavelet
transform (CWT) was applied

« Across wavelet transform (XWT) was also applied to each of the
previously normalized datasets

Amplitudes of frequency ranges corresponding to the QBO (.3 to .5
yr-1), annual (.9 to 1.1 yr '), semi-annual (1.9 to 2.1 yr "), and
quarterly (3.8 to 4.2 yr~1) were summed for the equatorially
averaged electron density and the binned electron density
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SIGNIFICANT RELATIONSHIP
BETWEEN QBO AND D-REGION

ELECTRON DENSITY WITH

HEMISPHERIC ASYMMETRY
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Figure 3. Detrended electron density data for day and night

QBO Montly Mean Zonal Wind with Magnitude and Direction Contours
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Figure 4. QBO monthly mean zonal average from 30 mb to 10 mb

RESULTS
* Notable frequencies within accepted QBO range were 0.33 yr-1 and
0.39 yr~1, while 0.53 yr~1, although anomalous, could be associated.
« Equatorially averaged day and night electron densities FFT analysis
showed peak frequencies at ~2 yr~1, indicating strong semi-annual
oscillations.
« The top frequency of 0.33 yr~1 was observed in both day and night
electron density, suggesting a QBO influence.
* The binned electron density FFT produced the top QBO frequency of
0.33 yr~1 across most magnetic latitudes for both day and night data.
* Other QBO freguencies were not prominent across all bins,
Indicating regional variations in QBO impact.
« Consistent phases for the QBO frequency of 0.33 yr~! were observed,
Indicating a stable relationship over time.
* Phases for other QBO frequencies varied between day and night
datasets, suggesting diurnal variations in ionospheric response.
 For CWT there was mutual significance between QBO and electron
density was observed, indicating phase relationships over time.
* Significant correlations varied between lagging and anti-phase
relationships across different time periods and latitudes.

Prominent QBO Frequency (1/vr)

LB2R2 L0T 3O3R D2hl L2020
Dieseasonalized 1.254 raul 61 months MHE3 raud 23 months | 2917 rad 1.153 months LETN TS il nths OET rad B0 months
Diay
Deseasonalized -1.265 raul | -.61 months G89 radd A9 mon ths | -3 116 raed | -1.26 months | 186 rad | 06 months | 1.338 rad | .81 months
Night
Deseasonalized =1.260 radd | -.61 months | -.881 rad | -.24 months | 2,927 rad 1.18 months A0 racd | 01 months 03 raud G0 months
& Annual Filter
Dray
Deseasonalized -1.279 rad | -.62 months 737 rad 20 months | <3100 rad | -1.25 months | 164 rad | 05 months | 1,368 rad | .83 months
& Annual Filter
Night

Table 1. Top five QBO frequencies and the associated FFT phase in radians for detrended
day and night electron density and additionally filtered day and night electron density

Period

Table 2. Top five frequencies resulting from the FFT of
the detrended night electron density data separated
into magnetic latitude bins

Fig 5. Top five frequencies resulting from the FFT
of the detrended day electron density data
separated into magnetic latitude bins

NTaenetic i lectron i i r r i i
iléllt?itflz #1 #2 #3 #4 #5 Categorized Day Electron Density FFT Frequencies Per 10 Degree Latitude Bin
40° to 50° 9846 3282 9189 1.9691 8533
(L.O16 yrs) | (3.047 yrs) | (1.088 vrs) (.50 yrs) (1.172 yrs)
30° to 40° L9846 1.9691 3282 9189 2626
(L.016 yrs) (.508 yrs) (3.047 yrs) | (1.088 vrs) | (3.808 yrs)
20° 10 30° 9816 1.9691 3282 2626 2.0348
(1.016 vrs) (.H08 yrs) (3.047 yrs) | (3.808 yrs) (491 yrs)
10° to 20° 1.9691 L3282 2.0348 2626 8533
(.508 yrs) (3.047 yrs) (491 yrs) (3.808 yrs) (1.172 yrs)
0° to 10° 1.9691 2.0348 3282 9846 1.0502
' (.H08 yrs) (.491 yrs) (3.047 yrs) | (1.016 vrs) (.952 yrs)
0° to —10° 1.9691 2.0348 846 3282 1.1815
(.508 vrs) (491 yrs) (L1016 vrs) (3.047 yrs) (.846 yrs)
10° to —20° L8406 1.9691 205348 2626 3282
(1.016 vrs) (.H08 yrs) (491 yrs) (3.808 yrs) | (3.047 yrs)
20° to —30° A846 1.0502 1.9691 2.0348 2620
(L.016 yrs) (.952 yrs) (.H08 yrs) (491 yrs) (3.808 yrs) -8
30° to —40° 846 1.0502 1.9691 .91_8.‘-3 ._2(3'26 %
(L.016 vyrs) (.952 yrs) (.508 vrs) (1.088 vrs) | (3.808 yrs) o
40° to —50° 846 1.0502 1.9691 ,9189 2626
(1016 vrs) (.952 yrs) (.508 yrs) (1.OS8 vrs) | (3.808 yrs)

Table 3. Top five frequencies resulting from the FFT of  Fig 6. Top five frequencies resulting from the FFT
the detrended night electron density data separated into of the detrended night electron density data
magnetic latitude bins separated into magnetic latitude bins

; : Categorized Night Electron Density FFT Frequencies Per 10 Degree Latitude Bin
Hagnetlc #1 #2 #3 #4 #5 =
P 9316 3282 1.0502 2.1004 L1158 o ;a \ = N it

(L.O16 yrs) | (3.047 yrs) (.952 yrs) (476 yrs) (.896 yrs) : e
30° to 40° 9846 2.1004 3282 2626 1.9691
(1.016 yrs) (.476 yrs) (3.047 yrs) | (3.808 yrs) (.508 yrs)
20° to 30° 1.9691 2.0348 2.1004 .2626 (}180
(.508 yrs) (.491 yrs) (.476 yrs) (3.808 yrs) | (L.088 yrs)
10° to 20° 1.9691 2.0348 | 3282 2.1004 ‘91.89
(D08 yrs) (491 yrs) | (3.047 yrs) | (476 yrs) | (1.088 yrs) )
0 to 10° 1.9691 2.0348 21004 3282 1.9035 §
(.H08 yrs) (1491 yrs) (.476 yrs) (3.047 yrs) (.525 yrs) .E-
0° to —10° 1.9691 2.0348 2.1004 3282 4.0039 0
' (.508 yrs) (.491 yrs) (.476 yrs) (3.047 yrs) (.250 yrs)
0% o 20 1.9691 2.0348 2.1004 1.9035 9189
(.H08 yrs) (.491 yrs) (476 yrs) (.525 yrs) (1.088 yrs)
20° to —30° 2.0348 1.9691 9846 1313 2.1004 =
(.491 yrs) (.508 yrs) (1.016 yrs) | (7.616 yrs) (476 yrs) o
0% o 400 9846 1.0502 9189 1969 1313 E
(1.016 yrs) (1952 yrs) (1.088 yrs) | (5.079 yrs) | (7.616 yrs)
40° to —50° 9846 1.0502 1.9691 2.0348 29189
(1.016 yrs) (1952 yrs) (.508 yrs) (491 yrs) (1.088 yrs)
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Table 4. Top five frequencies resulting from the FFT of the
equatorially averaged, detrended and additionally filtered electron
density data and QBO

Dataset 1 #2 #3 #4 5
I;;’:“_*L:I’“*_;]'f"“d 1.9691 20318 0.9816 .3282 0.5251
‘-;) I‘l‘i‘t PO (507 yrs) | (491 yrs) | (1015 yrs) | (3.047 yrs) | (1.904 yrs)
ensity
Qf‘”ﬁiﬁ;_'.ﬂf:‘]lm:;d 19691 20318 21001 3282 19035
) |g”. ) 'tl ron (.507 yrs) (191 yrs) (AT6 vrs) (3.047 yrs) (.520 vyrs)
CNnsl1 -}'
Deseasonalized
& Annual S . , —— ans
it T 3282 9816 5251 0.2626 3938
"HLeTCC ay .
Eloct ron J (3.047 yrs) | (LOLI5 yrs) | (1904 yrs) | (3.808 yrs) | (2.539 yrs)
Density
Deseasonalized
& Annual R . s _ o
ondrigrpant 3282 3938 8533 5251 9816
y Oored | r g
et m*‘ (3.047 yrs) | (2.539 yrs) | (1.172 yrs) | (1.904 yrs) | (1.015 vrs)
Density
Lomb QBO 3282 5907 3938 5251 2626
m )
’ (3.047 yrs) (1.693 yrs) | (2.539 yrs) (1.904 yrs) | (3.808 yrs)
. 3282 3038 2626 5251 5907
30mb QBO |
mb QB (3.047 yrs) | (2.539 yrs) | (3.808 yrs) | (1.904 yrs) | (1.693 yrs)

DISCUSSION

« Strong matching QBO frequencies indicate similar oscillation
patterns between D-region electron density and QBO

* QBO Frequencies concentrated between 10 and 50 degrees
for both day and night dataset
« Second greatest frequency within these lat bins

* Uneven distribution of QBO frequencies displayed in binned

electron density data

* The longest QBO frequency of .33 (3.05 years) showed very
consistent negative phase at approximately -1.2 radians for
each dataset with a spread of .025
* Consistent with XW'T results

* Negative night phases with .39 consistent with XWT results
but positive day phases inconsistent

oy s T4rTTYy Presented at the 2024 Space Weather Workshop 15-19 April 2024

ril 15-19,
BBBBBBBBBB

64 E

16

32

64 E

16

32

64

C)

Annual Filter Ne Day PDF Annual Filter Ne Night PDF

132
16
16
8 4
18
4 4 '
2 8
S
1 =
@
(o
1/2 16 |
1/4
1/8 32 | / )
116
. . . . . . . . g \/ 1/32
64 C L L 1 L L 1 L 1=
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
b) QBO10 PDF d) QBO30 PDF
16 16
g 18
1 4 1 4
o 2 T 2
1 1
1/2 1/2
1/4 1/4
V e \v/ "
1 1 1 1 I 1 I 1 = 64 C L 1 L L 1 L L L 1 -
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180

Figures 7. Continuous wavelet transform results for the detrended and filtered day electron
density PDF (a), detrended and filtered night electron density PDF (c), QBO 10 mb PDF (b), and
QBO 30 mb PDF (d).
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Figures 8: Cross wavelet transform results for the detrended and filtered night electron density
PDF and QBO 10 mb PDF (a), detrended and filtered day electron density PDF and QBO 10 mb
PDF (b), detrended and filtered night electron density PDF and QBO 30 mb PDF (b), detrended
and filtered day electron density and QBO 30 mb PDF (d).

Future Work:

« Expanding the latitude bins

« Additional filtering of datasets to remove other oscillation
cycles

* Investigating the relationship between atmospheric
components such as ozone or nitroxide could reveal
additional relationships between the QBO and the lower
lonosphere

* Exploring the seasonal and climatological migration of
the QBO and the impact of electron density on these
shifts

References:

Baldwin, M., Gray, L., Dunkerton, T., Hamilton, K.,
Haynes, P., Randel, W., and others. (2001). The Quasi-
Biennial Oscillation. Reviews of Geophysics,

39 (2). doi: 10.1029/1999RG000073

Tascione, T. F. (2010). Introduction to the Space
Environment (2nd ed.). Malabar, USA: Krieger
Publishing Company



mailto:natalie.wirth@us.af.mil

	Slide 1: SIGNIFICANT RELATIONSHIP BETWEEN QBO AND D-REGION ELECTRON DENSITY WITH HEMISPHERIC ASYMMETRY

