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Introduction: Equatorial Spread F is the most severe natural space weather phenomenon known to occur
on a regular basis. It Is characterized by large-scale instabilities in the post-sunset low-latitude ionosphere and
the subsequent formation of medium to small scale irregularities over large regions. The responsible mechanism
for Spread F, formally identified as the gravitational Rayleigh-Taylor Instability, drives large-scale electron density
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structures known as depletions or low density plasma “bubbles” that originate at the magnetic equator and expand | f No:' ‘ 0
poleward as the perturbation electric fields map along magnetic field lines. In this paradigm the meridional extent e S 25 = oo se "
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satellite observations of the ion density irregularities. We believe this will allow us to gain new insight into the Local Time (Hr) Eﬁ'}r ‘ ‘ =" B 0.15 - I . I
flux-tube expansion mechanism of equatorial plasma bubbles. _ _ _ Jan = 0003 w o .
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 Apogee — 850 km \\ N L 1N )«‘g‘f\m \} : by longitude and day of year, shown above. DMSP flew at a

» Inclination — 13 degrees _ E==R BR/ / e fixed altitude of approximately 830 km. Peak occurrence rates  The occurrence  probability of equatorial —ionospheric

 Period — 97.3 minutes o =S — e o > 50% were observed during active periods In the American-  jrreqularities as a function of longitude and day-of-year for four

»  Six sensor payload measures i X = The top figure shows the ion density measured by CNOFS on October 17, Atfrican longitude sectors. Because the satellite altitude 1 gifferent ranges of apex altitude is shown above. ¢ > 1 % in
— lon density = 2011. Density variations during a single orbit are shown in the figure below fixed, we cannot estimate the height distribution of bubbles  the time range of 20 — 24 LT during 2011 — 2014. Occurrence
— Vector E-field | on the left. The figure to the right ( below) shows the corresponding value of using DMSP. During solar minimum the very low detection  propability is high in equinoctial months and low around June

rates are undoubtedly due to a combination of lower bubble
occurrence and lower bubble altitudes.
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o, the index for plasma irregularities. The magenta line represents a
threshold of 1% and the structures that exceed this value correspond to post-
sunset equatorial plasma bubbles. A more conservative and robust threshold
for the detection of bubbles (2%) was used for the subsequent analysis
shown here.

solstice. Both occurrence probability and altitude extent are
maximum in the longitude sector from 280°E (-80°) to 30°E as
has been reported in other studies*. Peak occurrence rates
above 700 km are > 50% , similar as observed by DMSP in the
previous solar cycle maximum.
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*See, e.g., Gentile et al., 2006; Huang et al., 2014,
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5 Current Focus: Ground and Space Comparisons

Ground/Space Comparison : 2011& 2012

Ground-based Scintillation Observations Modeling: PBMOD
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Year 1000 - These black points are not . - .
%00 K avademypothes l PBMOD results showing the evolution of the relative density perturbation, Ap/p, in apex
« The C/NOFS data indicates that the ionospheric irregularities occurrence This example (image in the 200 | altitude as a function of time and solar flux. Bubble height clearly increases with increasing
rate > 50 % in the apex-altitude range 700-800 km in solar cycle 24 left) shows the distribution - solar flux qualitatively consistent with the PLP observations. During the period in which the
similar as the DMSP observations in solar cycle 23. But ground-based of points from 2011 days < 700~ . data were collected average F10.7 ranged from 60 to 160.
VHF measurements show that scintillation occurrence at Ascension Island 307-343 above. All the points ;ﬁ 500 | |
(-17° Mlat) reached 50-80% during the peak seasons between 2011-2015. are consistent with the apex =
Nightly occurrence rates for S4 > 0.6 for at least one hour are shown in altitude hypothesis except for 0r ] Conclusions and Future Work
the plot to the right for both Ascension and Cape Verde, where peak five black points in the 400 - P R . 1.
occurrence rates were essentially 100%. circles above. These points ol ‘_/,,,--f‘ \\\ |
+ Assuming bubble height determines meridional extent, structures must denote scintillation observed * l | 4 | ]3 \ ™ l . The C/NOFS bubble occurrence statistics are consistent with previous work related to this topic (Huang, et al.
rise to over 1000 km to reach Ascension, but only about 400 km to reach on the ground but not In YO 0 5 10 5eyp 2 25 30 2012). _ N _ _
Cape Verde. space, but the irregularities Geo Latitude The occurrence of plasma irregularities peaks in the longitude sector: 280° E to 30° E.
should be present there if the Results from observations and modeling confirm the increase of apex altitude as solar flux increases; quantitative
. The _spa_ce-based occurrence rates are lower than the ground-based bubble reached 1000 km ape comparisons will require improved modeling.
scintillation occurrence. v altitude. These anomalies cz The apex altitude of the F-region at Ascension is over 1000 km suggesting that more bubbles should reach these
: PR S be due to ‘fossilized bubble altitudes.
" (image in the right ) 5000 Currently we are comparing the space-based data with ground-observations at two sites to determine the
i discussed by Krall,et. al distribution of irregularities and scintillation and consistency with the apex altitude hypothesis.
P’ Further analysis will ‘E 1500 More analysis is needed before reaching unambiguous conclusions.
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