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[1] We examine the relationship of convection electric fields to the formation of a polar
cap tongue of ionization (TOI) from midlatitude plumes of storm enhanced density (SED).
Observations from the geomagnetic storm on 26–27 September 2011 are presented for two
distinct SED events. During an hour-long period of geomagnetic activity driven by a
coronal mass ejection, a channel of high-density F region plasma was transported from the
dayside subauroral ionosphere and into the polar cap by enhanced convection electric fields
extending to middle latitudes. This TOI feature was associated with enhanced HF
backscatter, indicating that it was the seat of active formation of small-scale irregularities.
After the solar wind interplanetary magnetic field conditions quieted and the dayside
convection electric fields retreated to higher latitudes, an SED plume was observed
extending to, but not entering, the dayside cusp region. This prominent feature in the
distribution of total electron content (TEC) persisted for several hours and elongated in
magnetic local time with the rotation of the Earth. No ionospheric scatter from
SuperDARN radars was observed within this SED region. The source mechanism
(enhanced electric fields) previously drawing the plasma from midlatitudes and into the
polar cap as a TOI was no longer active, resulting in a fossil feature. We thus demonstrate
the controlling role exercised by the convection electric field in generating a TOI from
midlatitude SED.
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1. Introduction

[2] The plasma of Earth’s ionosphere at high latitudes
is subject to redistribution by strong electric fields of
magnetospheric origin. At F region altitudes centered on
200–400 km, both ions and electrons drift with a nearly
horizontal velocity given by v =E�B/B2, where E is the
ionospheric electric field and B is the geomagnetic field.
The large-scale motion of the plasma most often conforms
to a two-cell pattern, with antisunward flow from the dayside
across the polar cap to the nightside and return flow at
auroral latitudes in the dawn and dusk sectors [Heppner
and Maynard, 1987; Ruohoniemi and Greenwald, 1996].

[3] A tongue of ionization (TOI) is a channel of high-
density F region plasma transported from the dayside
midlatitude ionosphere through the cusp and into the polar
cap by enhanced convection electric fields [Sato, 1959; Sato
and Rourke, 1964; Knudsen, 1974]. Storm enhanced density
(SED) is a plume of ionization in the dusk sector that is
carried sunward and poleward by the low-latitude edge of
the subauroral polarization stream (SAPS) [Foster et al.,
2004; Foster and Burke, 2002; Foster and Vo, 2002] during
major disturbances. Both features are characterized by en-
hanced densities, an elevated F peak altitude, and low electron
and ion temperatures [Foster, 1993]. Phenomenologically,
SED is primarily a feature of the postnoon sector at middle
latitudes with significant elongation in longitude while TOI
is more elongated in a latitudinal sense from middle to polar
latitudes in the noon sector.
[4] The source of plasma for the TOI has been a particular

focus of study. Foster et al. [2005] presented amulti-instrument
analysis of the polar TOI during a large geomagnetic storm
and suggested that the dayside source of the TOI was an
SED plume transported from subauroral latitudes in the dusk
sector by SAPS disturbance electric fields. The plume of
enhanced total electron content (TEC) was seen to closely
follow high-latitude convection streamlines derived from
SuperDARN and satellite observations, although the lower-
latitude sunward convecting regions were missed in the
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SuperDARN coverage. Hosokawa et al. [2010] investigated
the temporal evolution and spatial structure of a TOI driven
by a coronal mass ejection (CME), finding that both positive
storm effects and a buildup of source plasma in the midlatitude
ionosphere are necessary for the formation of a continuous
polar TOI.
[5] Results from other studies have suggested that an SED

plume will not always give rise to a TOI. Coster et al. [2006]
identified several storms when SED structures were produced,
but no TOI was observed to reach into the dayside cusp
region. The strength and/or orientation of the interplanetary
magnetic field (IMF) were suggested as possible factors
controlling the formation of a TOI from SED.
[6] The goals of this paper are to further understand the

mechanisms responsible for the formation of TOI from SEDs
and to determine why a TOI does not always occur when an
SED is present. It is now possible to make continuous, direct
observations of convection electric fields at midlatitudes in
the region where this generation of TOI from SED occurs.
Recently constructed SuperDARN radars at midlatitudes in
North America overlook an increasingly dense network of
GPS receivers capable of observing large-scale density struc-
tures such as SED and the midlatitude trough [Coster et al.,
2003; Coster et al., 2007; Basu et al., 2008]. New analysis
tools developed at Virginia Tech allow for side-by-side
comparisons of these two datasets on a global scale in a
variety of formats. We present an analysis of CME-driven
geomagnetic storm activity on 26–27 September 2011 that
featured both TOI and SED features.

2. Datasets

2.1. SuperDARN HF Radars

[7] The Super Dual Auroral Radar Network is an interna-
tional network of HF coherent radars. SuperDARN radars op-
erate continuously to measure line-of-sight (LOS) velocities,
backscattered power, and spectral width from decameter-scale
plasma irregularities in the ionosphere [Greenwald et al.,
1985; Chisham et al., 2007]. The measured E�B drift veloc-
ities of these plasma irregularities are routinely used to derive
global electric field maps that describe the large-scale

circulation of plasma in the ionosphere [Ruohoniemi and
Baker, 1998]. The radars are frequency agile over a band-
width of 8–20MHz to allow for monitoring of different prop-
agation modes and to follow changing ionospheric conditions.
The standard scan mode consists of 16 beams separated in
azimuth by 3.3� with sampling in 45 km range gates that
begin at a distance of 180 km, creating a field of view
(FOV) that extends ~52� in azimuth and several thousand
kilometers in range. A full scan typically allows for 1 or
2min resolution in this mode. Figure 1 shows the coverage
available with SuperDARN as of July 2012 in both the
northern and southern hemispheres.
[8] In order to better map the expansion of the high-

latitude convection pattern during periods of geomagnetic
disturbance, the SuperDARN network has been expanding
to midlatitudes. The first two North American midlatitude
radars were constructed in Virginia at the NASA Wallops
Space Flight Facility (2005) and on the grounds of the
Virginia Tech Agricultural Research and Extension Center
facility near Blackstone (2008). With the support of the
NSF Mid-Sized Infrastructure Program, a chain of midlatitude
radars is under construction, with twin-radar builds completed
in Kansas (2009) and Oregon (2010). These midlatitude
radars have provided new opportunities to examine midlati-
tude ionospheric electrodynamics with unprecedented spatial
and temporal coverage [Oksavik et al., 2006; Baker et al.,
2007]. Recently, Clausen et al. [2012] examined the time
evolution and longitudinal velocity variations of a SAPS
feature observed across North America while Grocott et al.
[2011] and Kunduri et al. [2012] studied the magnetospheric
dynamics and interhemispheric conjugacy of a SAPS event
observed simultaneously in the northern and southern
hemispheres.
[9] The velocity measurements from the SuperDARN

HF radars can be combined into a global map of iono-
spheric plasma convection using the technique described
by Ruohoniemi and Baker [1998] and Shepherd and
Ruohoniemi [2000]. Figure 2 shows the map obtained for
the 19:30–19:32 UT interval on 26 September 2011. The con-
tours of constant electrostatic potential constitute streamlines
for F region plasma convection. The pattern is predominantly

Figure 1. Fields of view of SuperDARN radars in the (left) northern and (right) southern hemispheres as
of July 2012. Midlatitude, high-latitude, and polar radar FOVs are shaded red, blue, and green, respectively.
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two-cell with a pronounced dayside "throat" feature that can
be expected to channel plasma into the polar cap from lower
latitudes. Velocity vectors are drawn where velocity data were
available from the radars; additional data were provided by a
statistical model that is keyed to the prevailing IMF condi-
tions. The coverage by the radars is extensive over North
America and provides strong constraints for the fitted pattern,
in particular, for the convergence of flows on the dayside that
defines the throat. For this study, the convection pattern has
been generated at a cadence of 2min. In addition, we present
plots of "raw" LOS velocity data from a subset of the
SuperDARN radars that overlook the dayside throat feature.
These will serve to show the extent of the areas of HF
backscattering as well as the directly measured plasma drift
velocities. The occurrence of backscatter for the SuperDARN
HF radars indicates the presence of small-scale (~10m)
irregularities in the ionospheric plasma.

2.2. GPS TEC

[10] Maps of TEC are commonly used to depict the highly
variable nature of the Earth’s ionosphere. Researchers
at MIT Haystack Observatory generate maps of vertically in-
tegrated TEC from a global network of GPS receivers and
offer their data product to the larger scientific community
via the Madrigal database [Rideout and Coster, 2006].
The TEC measurements of the ionosphere describe the total
number of electrons contained in a cylinder of cross-
sectional area 1m2 that extends vertically above a given
point on the Earth and extends all the way through the
ionosphere. One TEC unit (TECU) is given as 1� 1016

electrons/m2; typical peak dayside values can range from

less than 10 TECU on a quiet day to the hundreds of TECU
observed during strong geomagnetic storm activity. Measure-
ments are binned into 1� � 1� cells at 5min resolution. TEC
data are processed using the minimum scallop estimation
approach described in Rideout and Coster [2006] with some
modifications. The minimum scalloping method depends on
the assumption that when the receiver bias is properly
accounted for, on average, there should be no correlation
between elevation and vertical TEC.
[11] Figure 3a shows three consecutive 5min GPS TEC

maps from 19:25 to 19:40 UT overlaid on top of one another
after mapping to magnetic local time (MLT)/magnetic lati-
tude (MLAT) coordinates. Using a standard spatiotemporal
median filtering technique, observations derived at MIT
Haystack Observatory from the three intervals are used to
generate the single TEC map for 19:30 UT seen in Figure 3b.
It is important to note that as a result of the filtering
technique, no TEC measurements above 85� Λ are included
due to difficulties comparing adjacent cells near the pole.
The SuperDARN convection pattern from Figure 2 can be
overlaid onto the filtered TEC map, as shown in Figure 4a.
This reveals that the dayside TEC enhancements that extend
from midlatitudes into the polar cap (Λ> 80�) are substan-
tially ordered by the pattern of convection streamlines.
Regions of plasma entrained by high-speed convection flow
are indicated by the close spacing of contour lines rather
than the pattern’s equatorward extent. Figure 4b offers a
view of the spatial distribution of radar backscatter and the
LOS velocity measurements that were available from a sub-
set of the SuperDARN radars. The spatial correspondence
especially at higher latitudes is suggestive that the TEC

Figure 2. Map of plasma convection obtained for 26 September 2011, 19:30–19:32 UT, using the
standard SuperDARN fitting technique as described in the text and plotted in MLT with magnetic noon
at the top. The contours indicate lines of constant electrostatic potential; the contour step is 6 kV and
solid/dashed contours indicate negative/positive signs on the potential. The positions and three-letter
names of the radars contributing to the solution are indicated.
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enhancement regions were associated with the small-scale
irregularities responsible for HF coherent backscatter. A
nonlinear color scale has been used for the LOS velocities
to better observe variability in the low-velocity flows seen
at midlatitudes in addition to the high-velocity motion across
the polar cap.

2.3. Online Plotting Tools

[12] The plotting tools applied in this study are available
online at the Space@VT SuperDARN website (http://vt.
superdarn.org). Using GPS data downloaded from the
Madrigal database, users are able to perform spatial/tempo-
ral median filtering of the TEC data, turn on and off radar
measurements, overlay convection patterns, select from
different coordinate systems, and choose the hemisphere to
be displayed. Options are also available to plot measurements
for a single 5min period or as an animation over a user-
defined interval. Source code and documentation for the use
of the plotting tools are freely available on the website.

3. Observations

3.1. Event Overview

[13] In this paper, we examine the formation of a polar
TOI from midlatitude SED during a CME-driven geomag-
netic storm on 26–27 September 2011. Solar IMF has been
demonstrated to strongly affect the features of SEDs and
TOIs [Foster et al., 2005; Hosokawa et al., 2010]. Figure 5
shows geomagnetic indices and solar wind parameters for a
16 h period during this event. The arrival of the CME at the
Earth’s magnetosphere is seen in the top panel at 12:40 UT
as an abrupt intensification followed by a steady decline
from +50 to –100 nT in the Sym-H index, which is a proxy
for the strength of the symmetric part of the ring current.
[14] We have surveyed the timeline of SED and TOI

occurrence in the TEC data and determined that a linked
SED/TOI event occurred between 18:30 and 19:40 UT and
that a second SED period lacked an accompanying TOI in
the 20:30–00:30 UT interval. These periods are highlighted
in Figure 5 and clearly fall into the storm main phase.

a b

Figure 3. (a) Three 5min maps of GPS TEC observations overlaid on top of one another from 19:25 to
19:40 UT, after mapping to MLT/MLAT coordinates. (b) Median-filtered GPS TEC data spanning the
same interval, centered at 19:30 UT. No TEC data are plotted above Λ= 85� due to difficulties in spatial
filtering over the polar cap. Figures are plotted with magnetic noon at the top.

a b

Figure 4. (a) GPS TEC map with SuperDARN convection pattern overlaid and (b) line-of-sight (LOS)
velocity measurements from selected SuperDARN radars with fields of view indicated, again plotted with
magnetic noon at the top.
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[15] The next three panels in Figure 5 show the IMF Bx,
By, and Bz components from the OMNI 2 database [King
and Papitashvili, 2006]. The interval when a TOI was
observed (first shaded region) is characterized by sustained
positive IMF By and a strong southward IMF (< –20 nT)
until the northward turning at 19:15 UT. Coincident with
this northward Bz turning was an increase in solar wind
dynamic pressure from nearly zero to 25 nPa (bottom panel).
Thirty minutes later at 20:00 UT, a second and final
northward Bz turning was also accompanied by a sudden
increase in dynamic pressure. After the TOI had subsided
and only an SED plume remained (second shaded region),

the IMF By and Bz components remained fairly constant
and low in magnitude. The positive By and southward Bz
components of the IMF from 17:30 to 19:20 UT meet the
conditions described by Hosokawa et al. [2010] for the
formation of a continuous polar TOI. As we shall see,
the large transitions in Bz during the early part of the storm
controlled the evolution of the SED and emergence of TOI.

3.2. Formation of TOI

[16] Following the southward turning of the IMF at 17:37
UT on 26 September 2011 (Figure 5), an SED plume began
to form over eastern North America. Figure 6 shows the

Figure 5. Geomagnetic and solar wind OMNI parameters on 26–27 September 2011: (from top) Sym-H
index, OMNI IMF Bx, By, Bz, and dynamic pressure. The first shaded region indicates the interval from
18:30 to 19:40 UT when a TOI formed from midlatitude SED as identified from GPS TEC maps (SED/
TOI). The second shaded region indicates a later period from 20:30 to 00:30 UT when no TOI was observed
forming from midlatitude SED (SED/NO TOI).

a b

Figure 6. GPS TEC maps showing the development of an SED plume over North America at (a) 17:30
UT and (b) 18:00 UT on 26 September 2011. The color scale has been increased from Figures 3 and 4 to
highlight the region of enhanced TEC below 60� Λ corresponding to the SED plume in Figure 6b. Figures
are plotted with magnetic noon at the top.
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TEC distribution in the Northern Hemisphere before and just
after the southward turning. At 17:30 UT, the midlatitude
plasma densities appeared fairly uniform in magnitude on
the dayside (Figure 6a). Thirty minutes later at 18:00 UT, a
new region of enhanced TEC corresponding to an SED plume
was emerging at middle latitudes in the afternoon sector
(Figure 6b). Note that we have increased the TEC color scale
from that applied in Figures 3 and 4 in order to show the SED
feature more prominently. Examination of driftmeter data

from the Defense Meteorological Satellite Program spacecraft
suggests the presence of SAPS disturbance electric fields
during this period, although there is a local time difference
of almost 4 h between the satellite crossings on the dusk flank
and the plume of enhanced TEC over North America.
[17] A continuous polar TOI was observed to have formed

from the midlatitude SED in GPS TEC measurements from
18:30 to 19:40 UT. Figure 7 shows the time evolution of
the TOI, ionospheric convection, and HF backscatter patches

a

b

c

d

e

f

g

h

Figure 7. (a–d) GPS TEC maps depicting evolution of a polar tongue of ionization (TOI) with
SuperDARN convection patterns overlaid. (e–h) SuperDARN LOS velocity measurements from ionospheric
scatter for selected radars. Figures are plotted in MLT with magnetic noon at the top for times 18:00, 18:30,
19:30, and 20:00 UT.
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as seen by GPS TEC and SuperDARN. A channel of en-
hanced TEC is seen progressing poleward from a midlatitude
SED feature by 18:30 UT and entering the polar cap by 19:30
UT. Similar to the results presented by Foster et al. [2005],
the channel of enhanced TEC closely follows the streamlines
of convection independently derived from the global network
of SuperDARN radars. Sustained positive IMF By lasting
until 19:50 UT was responsible for the clockwise rotation of
the global convection pattern, bringing the dusk cell onto
the dayside. When combined with the strongly southward

IMF, this allows for the enhanced dusk convection cell to
transport dense midlatitude ionospheric plasma into the throat
feature as seen in Figure 7b.
[18] The plasma within the TOI was convected across the

pole at speeds in excess of 1 km/s. The continuous TOI
persisted until just after 19:30 UT, when the base of the
TOI detached from its source region at middle latitudes.
Changes in the IMF conditions altered the convection
pattern such that more of the plasma flow in the throat was
associated with the dawn cell, which lacked a connection

a

b

c

d

e

f

g

h

Figure 8. In the same format as that of Figure 7: (a–d) GPS TEC maps depicting evolution of "fossil"
storm enhanced density (SED), and (e–h) radar velocity measurements for times 20:30, 21:30, 22:30,
and 23:30 UT.
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to a high-density reservoir of plasma. The SuperDARN
velocity plots on the right-hand side of Figure 7 show
regions of HF backscatter due to small-scale irregularities
and the accompanying LOS plasma velocity. Although
many factors influence the occurrence of HF backscatter,

there are indications that the TOI is a source of backscatter
[Hosokawa et al., 2009]. In particular, by 19:30 UT, an irreg-
ularity backscatter patch had formed in the polar cap that was
spatially coincident with the extension of the TOI, suggesting
small-scale irregularity formation. Figure 7d indicates that by
20:00 UT, the large continuous patch of plasma had broken
up into smaller patches that have begun to exit the polar cap
and become entrained in the dusk convection cell. A movie
of GPS TEC maps showing the evolution of SED/TOI activ-
ity is available in the online auxiliary materials.

3.3. Storm Enhanced Density

[19] A plume of enhanced TEC was observed some time
after the disappearance of the TOI (Figures 8a–8d). One
endpoint of the SED plume was attached to the dense source
plasma at middle latitudes in the afternoon sector while the
other remained fixed in MLAT/MLT near the dayside cusp.
As the midlatitude region of enhanced TEC corotated with
the Earth away from noon, the plume elongated in MLT at
a near-constant latitude and lasted until approximately 00:30
UT on 27 September 2011. The backscatter observed by the
SuperDARN radars remained poleward of this region
throughout its duration (Figures 8e–8h). This implies that,
unlike the earlier TOI formed from an SED, this plume was
not the seat of active irregularity formation. While IMF Bz
was still negative during this period (Figure 5), it was greatly
reduced in magnitude from the earlier SED/TOI interval and
IMF By was near zero. (Although the Bx component was
substantial, its impact on convection during equinoctial peri-
ods is thought to be minimal.) The spacing of the contours
in the low-latitude region widened during the interval from

Figure 9. Field of view of Inuvik radar, with beam 5 high-
lighted, plotted with magnetic noon at the top of the figure for
19:30 UT. This beam looks into the polar cap and is aligned
with the throat of the TOI feature described in the text.

a

b

c

Figure 10. (a) The backscattered power and (b) LOS Doppler velocity data from beam 5 of the polar
Inuvik radar in range-time-intensity format. (c) GPS TEC data closest to each range cell along the same
beam. In the same manner as in Figure 5, the two intervals of SED activity as observed from GPS TEC
maps are shaded.
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18:30 to 20:00 UT (Figures 7b–7d) indicating a reduction in
the flows associated with the northward turning of the IMF.
By the time the convection strengthened again due to the
southward turning of the IMF at 20:30 UT (Figure 8b), it is
clear that the convection did not extend to low enough
latitudes for the SED plume to be entrained to flow into the
polar cap. This plume was consequently unproductive in
terms of TOI and small-scale irregularity formation, and
persisted rather as a "fossil" feature within the plasma
distribution.
[20] We examined GPS TEC and SuperDARN data along

a selected radar beam to gain further insight into the degree
of spatial coincidence of the density enhancements and
backscatter from small-scale irregularities. The Inuvik radar
is situated at a very high latitude (Λ= 71.5�) and looks deep
into the polar cap as shown in Figure 9. Figure 10 shows
backscattered power, LOS Doppler velocity, and nearest
GPS TEC data along beam 5 of the Inuvik SuperDARN
radar as a function of slant range (distance travelled by a
transmitted signal through the ionosphere to a backscattering
irregularity). The two intervals of SED activity previously
indicated in Figure 5 are again highlighted in each of the
panels. The plot of backscattered power indicates that a
sequence of poleward propagating HF backscatter patches
was observed in the latter part of the first interval. These
were associated with very high velocities away from the
radar (antisunward), at the same time that the region of
enhanced TEC passed through the radar FOV over the polar
cap. Thus, the TOI was productive of small-scale irregulari-
ties within patchy-like features. No sign of the later "fossil"
SED seen in Figure 8c was observed in either the radar or
TEC polar cap measurements, indicating that the high-TEC
plasma was no longer being convected to high latitudes.
(An earlier TOI at 16:30 UT can be seen entering the radar
FOV in Figure 10c, although the lower velocities and shorter
duration observed by the radar suggest a weaker event.)

4. Discussion

[21] We have presented observations of the formation of a
polar TOI during a geomagnetic storm on 26–27 September
2011 using GPS TEC and SuperDARN measurements.
Early in the event, the high-latitude convection electric fields
expanded equatorward to middle latitudes, encountering a
region of enhanced plasma and entraining the flow of dense
F region plasma through the dayside cusp and across the
polar cap at velocities in excess of 1400m/s. This scenario
has been postulated previously by Foster et al. [2005] and
Hosokawa et al. [2010]. Here, for the first time, simulta-
neous measurements of GPS TEC and SuperDARN iono-
spheric convection at midlatitudes have been available to
confirm the equatorward expansion of the high-latitude
convection electric fields into the dense source region and
the poleward retreat of the convection pattern which strands
the resulting fossil SED at subauroral latitudes. It is also
shown that the TEC enhancements that map out the TOI
are associated with small-scale irregularities responsible for
HF backscatter. By the end of the second interval, the distri-
bution of dayside ionospheric plasma changed such that the
region of enhanced TEC was confined to the dusk sector at
middle latitudes over North America. This temporal varia-
tion in the distribution of midlatitude source plasma would

require longer transport times to the cusp, and thus, newly
convected plasma would be depleted before reaching the
cusp inflow region.
[22] The fossil SED observed from 20:30 to 00:30 UT has

many features similar to the event described by Coster et al.
[2006], which did not form a TOI despite the plume of
enhanced TEC reaching the dayside cusp region. For the
26–27 September 2011 event, during the inactive SED
period, IMF conditions returned to a quiet state with both
the By and Bz components nearly zero (Figure 5). No iono-
spheric backscatter was observed by SuperDARN radars
within the region of enhanced TEC that persisted, suggesting
the disappearance of the drivers responsible for small-scale
irregularity formation. This inactive persistence is very
similar to the fossil ionospheric trough described by Evans
et al. [1983], whereby an ionospheric perturbation formed
by an active storm process will persist in the absence of
daylight as it corotates through the night sector at a near-
constant latitude. This phenomenon has also been discussed
in relation to subauroral ion drifts (now known as SAPS)
and stable auroral red arcs by Anderson et al. [1991] and
Foster et al. [1994]. The later SED plume (Figure 8) is in
effect a remnant of the earlier activity and akin to a "fossil"
SED feature. By contrast, the earlier SED encountered
strong electric fields and produced a TOI.
[23] We conclude our discussion by summarizing the

SED/TOI activity through the two intervals in terms of
magnetic reconnection. When the IMF Bz component turned
strongly southward, enhanced dayside reconnection results
in plasma that was previously on closed field lines at lower
latitudes being subsequently on open field lines. This leads
to the excitation of convection electric fields as the newly
open flux evolves over the magnetopause, thus drawing
plasma from the closed field line region (where the SED is
located) into the polar cap (producing the TOI). When IMF
Bz experiences a northward turning, dayside reconnection
stalls, and there is no longer a mechanism allowing plasma
to move from the closed to the open field line regime
[Cowley and Lockwood, 1996]. Hence, the SED plume
stagnates as a fossil feature, and no TOI is produced.

5. Summary

[24] In this paper, we have examined the relationship of
convection electric fields to the formation of a polar cap
TOI from midlatitude plumes of SED. Observations from
the geomagnetic storm on 26–27 September 2011 were
presented for two cases of potential TOI formation from an
SED. During an hours-long period of dynamic geomagnetic
activity, a channel of high-density F region plasma was
transported from the dayside midlatitude ionosphere and into
the polar cap by enhanced convection electric fields extend-
ing to middle latitudes (Λ = 60�). The TEC enhancements
that mapped out the TOI were associated with HF backscat-
ter, indicating that the TOI is the seat of active formation of
small-scale irregularities. After the solar wind IMF condi-
tions quieted and the dayside convection electric fields
retreated to higher latitudes (Λ ≥ 70�), an SED plume was
observed extending to, but not entering, the dayside cusp
region. This high-TEC feature persisted at a near-constant
latitude for several hours and elongated in MLT as one
endpoint remained fixed near the cusp while the other
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corotated with the dense source region over North America.
No ionospheric scatter from the SuperDARN radars was ob-
served within this remnant SED region. For this fossil feature,
the source mechanism (enhanced electric fields) previously
drawing the plasma from midlatitudes and into the polar cap
was no longer locally active. Thus, we have demonstrated
the controlling role exercised by the convection electric field
in generating a TOI from midlatitude SED.
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