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Abstract

Manifestations of severe nighttime equatorial ionospheric
disturbances have been observed for decades. It is gener-
ally accepted that the phenomena are caused by large de-
pletions, referred to as equatorial plasma bubbles (EPBs),
which are initiated on the rising unstable bottom side of
the nighttime F layer. Physics-based simulations have en-
hanced our understanding of the EPB phenomenon. How-
ever, until very recently stochastic structure smaller than
∼ 10 km was unresolved. More recent high-resolution EPB
simulations have extended the resolution to hundreds of
meters. These new results have provided a unique opportu-
nity to characterize evolving height-dependent EPB struc-
ture.

This paper presents a summary analysis of time-space EPB
structure evolution. A wavelet-based structure classifica-
tion procedure identifies developed structure and estimates
parameters that define a two-component inverse-power-law
spectral density function.

1 Introduction

High-resolution simulations as described in the survey pa-
per by Yokoyama [Yok17] were made available for the EPB
structure analysis. Figure 1, which is taken from [Yok17],
shows a perspective view of an EPB configuration at 3600
seconds. The structure development involves magnetic-
field-aligned flux tubes that terminate at low altitudes in
opposite hemispheres. One-dimensional spectral density
functions (SDFs) separately averaged cross-field and along
the vertical dimension provide an overall characterization
of the structure. Figure 1 in Yokoyama [Yok17] shows aver-
aged cross-field and vertical one-dimensional spectral den-
sity functions (SDFs) from the equatorial plane realization
at 3600 s. Both SDFs follow inverse two-component power
laws with a break at the spatial frequency corresponding to
structure between 1 and 10 km.

Figure 2 shows the structure in the equatorial plane at 3600
sec. A wavelet-based analysis procedure was developed to
identify the zonal structure at each altitude that could be
represented by a one-dimensional spectral density function

(SDF) of the form

ΦNe (qy) =Cs

{
q−η1 for q ≤ q0

qη2−η1
0 q−η2 for q > q0

. (1)

The hypothesis is accepted if the parameters Cs, η1, q0, and
η2, can be adjusted to reduce a goodness-of-fit measure be-
low a predetermined threshold. The analysis was applied to
equatorial plane structure and two offset planes as shown in
Figure 3

Figure 1. Perspective view of the EPB simulation envi-
ronment. The left frame shows the central meridian plane.
The right-hand frame shows the structure in two orthogonal
slice planes.

Figure 2. The left hand frame shows the equatorial plane
structure at 3600 s. The right-hand frame is the path-
integrated density (blue) with a smoothed profile overlaid.



Figure 3. Meriodinal slice plane with overlaid rays locating
vertical equatoral slice plane and two offset slice planes,
denoted offset 1 and offset 1, excised for structure analysis.

2 Results

Figure 4 is a scatter diagram of CsdB versus η1 and η2 Irre-
spective of where or when developed structure is captured,
the CsdB versus η1 estimates follow the log-linear relation

η1 =−η0(CsdB−C0dB), (2)

with η0 = 0.02 nepers per dB. The red lines in Figure 10 are
derived from (2) with C0dB = 240 dB. For CsdB > C0dB
both the model and observed η1 values are negative, which
implies that large-scale structure is being suppressed rather
than enhanced.

Figure 4. Scatter plots of CsdB versus η1 (blue circles) and
η2 (red circles). Lower frame is Equatorial. Middle frame
is offset 1. Upper frame is offse2. The solid red lines are
derived from 2. The solid blue lines are offset by 2.

Figure 5 shows scatter diagrams of CsdB versus
log10(q0/(2π)). For 2π/q0 > 10 km, there is decrease in
log10(q0/(2π)) with increasing CsdB similar to the η1 de-
pendence. Upon inspection of the SDFs with break sales
approaching log10(q0/(2π)) = −4.5, it was found, sim-
ilarly, that the SDFs are well represented by the model.
SDFs with a negative large-scale index or a large break
scale ((2π)/q0 > 30 km) can be associated with initiating
structure following the onset of bifurcation.

Figure 5. scatter plots of CsdB versus log10(q0/(2π)).
Lower frame is equatorial. Middle frame is offset1. Up-
per frame is offset2.

The range 0 < η1 < 3 is representative of two-component
inverse-power-law SDFs. The associated η2 values are
larger but more variable. As a visual guide, the blue lines in
Figure 4 are offset by 2 units from the η1 values. However,
there is a point were extrapolated index values become too
large. In the offset 1 and offset 2 data all the CsdB values
are greater than 130 dB. In the equator data as η1 values for
small CsdB approach 2, the associated η2 and break-scale
values are scattered such that a single power-law extension
of (2)provides a good fit. This small population is the only
EPB structures that can be characterized by a single inverse-
power-law SDF.

3 Discussion

Overall, developed EPB structure is characterized by two-
component inverse-power-law SDFs. The log-linear rela-
tion (2) is the defining relation irrespective of time after on-
set or where the structure is intercepted in the EPB data
space. No negative η1 values were found in the offset
2 data, which only sampled structure above the F-region
peak. The subset of two-component power-law SDFs that
have negative power-law index values are incorporated as a
special category. Figure 6 shows SDF examples of the three
spectral types.

The relation between the large-scale power-law index and
the turbulent strength was observed in the PLUMEX data
as reported in Rino et. al [Rin81]. The relation had been
inferred earlier from analysis of Wideband Satellite beacon
data. The PLUMEX paper Equation 1 was taken from Liv-
ingston et. al [Liv81]. The PLUMEX paper Figure 7 shows
the relation from SDFs derived at two different altitudes.
It should also be noted that the significant vertical motion
of the PLUMEX rocket supports the hypothesis that EPB
cross-field structure is isotropic. The EPB structure classi-
fication is in nearly complete agreement with the measured
PLUMEX characteristics.

These spectral characteristics appear to be intrinsic to the



convective instability process. Evidently, increasing large-
scale structure intensity is constrained in a way that causes
a decrease in the spectral index and a decrease in the scale
range over which the structure increase is developing.

Figure 6. Examples of EPB SDF types. Left frame: outer
scale. Center frame: two-component. Right frame: single
component.
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