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[1] The low‐latitude E, valley and F region 3 m scale irregularities are studied with the
Sanya (18.4°N, 109.6°E, dip latitude 12.8°N) VHF coherent scatter radar. The observations
show that the E region irregularities (ERIs) often weaken or disappear during the
development of postsunset equatorial plasma bubbles (EPBs) in equinoctial months.
However, the valley region irregularities (VRIs) are found to occur during the EPB
development and show structures with close relation to those of EPBs. The interesting aspect
is that the ERI disruption and VRI generation are simultaneously detected. In terms of the
electric field coupling from the equatorial F region down to low‐latitude E and valley
regions, the polarization electric fields (PEFs) associated with the EPB bifurcation are
suggested to play key roles in the evolution of ERIs andVRIs. It is shown that themapping of
upward and eastward PEFs generated within the equatorial west tilted bubble would inhibit
the occurrence of low‐latitude ERIs. However, for the east tilted bubble structure, the
associated downward PEFs might map to the low‐latitude valley region and play an active
role for the development of 3 m scale irregularities through gradient drift instability.

Citation: Li, G., B. Ning, A. K. Patra, W. Wan, and L. Hu (2011), Investigation of low‐latitude E and valley region
irregularities: Their relationship to equatorial plasma bubble bifurcation, J. Geophys. Res., 116, A11319,
doi:10.1029/2011JA016895.

1. Introduction

[2] Ionospheric E and valley region irregularities and their
association with the development of equatorial plasma bubble
(EPB) structures are at present active subjects of coupling
study between the ionospheric E and F regions. It is now
understood that the electric field mapping from one region to
another could play an important role influencing the growth
of the irregularities in a nonlocal sense [Patra, 2008, and the
references therein]. For middle latitude irregularity observa-
tions,Haldoupis et al. [2003] reported that the coupling of the
polarization electric fields (PEFs) associated with the unsta-
ble E region could play a significant role on the generation of
middle latitude F region irregularities. Especially, using air-
glow images and VHF coherent scatter echoes, Miller et al.
[2009] provided evidences that the PEFs associated with
the middle latitude instability process may induce the for-
mation of equatorial postmidnight plasma depletions. How-
ever, at equatorial latitude, large electric fields associated
with the EPB structures could produce the equatorial valley
region irregularities (VRI) owing to the direct penetration
effect of fringe field down to valley region [Alam Kherani
et al., 2004].
[3] Unlike the coupling of middle latitude in which the

PEFs generally get initiated at the unstable E region and then

map up to the F region and the equatorial vertical coupling
[e.g., Kelley et al., 2003; Alam Kherani et al., 2004; Otsuka
et al., 2009], at low latitude, the coupling from equatorial
F region to low‐latitude E and valley regions through the
magnetic field lines is more efficient [LaBelle, 1985]. The
occurrence characteristics of the low‐latitude E region
irregularities (ERI) and VRI are obviously different from
those of equatorial and middle latitudes [Patra, 2008]. Clear
disruption of low‐latitude Es and ERI is frequently observed
during postsunset hours [Abdu et al., 2003; Patra et al.,
2004]. Abdu et al. [2003] argued that the Es disruption
observed at Fortaleza (3.9°S, 38.4°W, dip latitude 3.7°S) is
believed to be due to the vertical shear in vertical electric field
associated with the evening equatorial F region, which is
responsible for the vortex flow [Kudeki and Bhattacharyya,
1999], with a shear node around 300–350 km. According to
this, the upward electric field below the shear node when
mapped to the low‐latitude E region would inhibit the Es

layer formation [Carrasco et al., 2007]. However, the ERI
disruption is suggested as being due to the mapping of strong
PEFs associated with the EPB down to the low‐latitude
E region. The upward PEFs reduce the downward background
electric field in the E region and then induce an absence of
3 m scale irregularities by inhibiting the growth of gradient
drift instability [Patra et al., 2005].
[4] With respect to the generation of the low‐latitude VRI,

observational evidence of the electric field coupling from the
equatorial F region to the low‐latitude valley region was first
identified by Vickrey et al. [1984]. Recently, radar measure-
ments from Gadanki (13.5°N, 79.2°E, dip latitude 6.3°N) and
west Sumatra (0.2°S, 100.3°E, dip latitude 10.4°S) show that
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the temporal structures in the low‐latitude VRI and EPB have
a close similarity [e.g., Yokoyama et al., 2005; Patra and
Venkateswara Rao, 2007]. In addition, the echo observa-
tions from the equatorial atmosphere radar (EAR, located at
west Sumatra) established a key property of the VRI phe-
nomenon: the spatial structure and zonal drift velocity of the
VRI resemble those of EPBs. These observations strengthen
the fact that the perturbed electric fields associated with
strong EPBs could map to the low‐latitude valley region and
produce the density structures as “images” of EPB structures.
However, using the Gadanki radar observations, Patra et al.
[2002] and Patra and Venkateswara Rao [2007] reported that
the low‐latitude VRI could occur in the absence of EPB
activity, indicating that the valley region background electron
density profile and electric fields are also capable of gener-
ating VRI at times. The occurrence pattern of VRI during the
absence of EPB is different with that of VRI associated with
the development of EPB. In both the cases, however, they
were essentially linked with the intermediate layers.
[5] Though the low‐latitude ERI disruption and VRI gen-

eration during postsunset hours are known as being due to the
electric field coupling from the equatorialF region to the low‐
latitude E and valley regions, there is still no investigation on
the simultaneous observations of the two phenomena. It
brings a question that why the electric field mapped from
equatorial F region could inhibit the low‐latitude ERI, and
simultaneously trigger the VRI. The Sanya (18.4°N, 109.6°E,
dip latitude 12.8°N) VHF coherent scatter radar, like the
EAR (Southern Hemisphere), is well suited to study the low‐
latitude E and valley region irregularities of the Northern
Hemisphere that connect the F region over the magnetic
equator. The altitude 100 km (150 km) over Sanya is
connected to ∼380 km (∼450 km) over the dip equator
through the magnetic field line. In this study, we present, for
the first time, the observations of postsunset E, valley and
F region irregularities made with the Sanya VHF radar. Then
we describe and discuss possible mechanisms for the simul-
taneous observations of VRI generation and ERI disruption,
in which the key role is most likely played by the PEFs setting
up within the equatorial bifurcated plasma bubbles.

2. Observations

[6] The Sanya VHF coherent scatter radar, with an opera-
tional frequency of 47.5 MHz and a peak power of 24 kW,
has been taking both the E and F region data continuously in
the nighttime of equinoctial season since February 2009. The
antenna pattern (the 3 dB beam width is 10° in east‐west and
24° in north‐south) when positioned at a zenith angle of 23°
due north satisfies the perpendicular condition to the mag-
netic fields at both E and F regions, and can detect the
coherent echoes arising from the field aligned irregularities
(FAI; for details on similar experiments made by this radar,
see Li and Ning [2010, Table 1]). The antenna array is com-
posed of six identical modules (each module consists of 2 × 2
five element Yagi antennas) aligned in the east‐west direction
that can receive the radar echoes separately and indepen-
dently. In order to estimate the zonal drift velocity of FAI, the
phase differences (d’) of FAI echoes between the eastern-
most and westernmost channels were calculated using the
interferometry technique [Farley et al., 1981]. Then accord-
ing to dx = hd’/kd, where k is 2p/l, d is 5

ffiffiffi

2
p

l (∼44.66 m)

and h is height, the zonal drift velocity of FAI can be obtained
(G. Li et al., A comparison of lower thermospheric winds
derived from range spread and specular meteor trail echoes,
submitted to Journal of Geophysical Research, 2011). Dur-
ing the events of plasma plume detected by the Sanya VHF
radar, the event of ERI disruption and simultaneous VRI
generation is regularly observed. Of these, we have selected
three examples to present here: 8, 16, and 20 March 2011.
All these days are preceded by geomagnetic quiet conditions
(Kp < 3).
[7] Backscatter power profiles for the events of 8, 16, and

20 March are shown in Figures 1a, 1b, and 1c, respectively.
These are so‐called height‐time‐intensity (HTI) plots,
showing the signal‐to‐noise ratio (SNR) as a function of
altitude and universal time (UT; UT = LT − 7.5 h). Height of
the echoes is determined by assuming perpendicularity
between the radar beam and the magnetic field at different
range bins using the International Geomagnetic Reference
Field (IGRF 2005) model. The superposed red vertical axes
indicate apex altitudes. The black and red slant lines represent
the local and apex sunset terminators, respectively. The black
dotted lines show the critical frequency of Es layer (foEs)
obtained from the colocated ionosonde. As seen in Figure 1a,
the appearance of the plasma plumes, representing EPBs,
and VRI structures correspond very well, both initiated at
12:30 UT (20:00 LT) with a duration of about 40 min.
Meanwhile, the echo intensity of ERI decreased to less than
−5 dB. The intermittent and reduced ERI echo continued
about 30 min until 13:00 UT. After that, the ERI echo
intensity increased to more than 0 dB and reappeared at
multiple range bins. It is interesting to note that the Es layer
was observed mainly before 12:45 UT and the occurrence of
ERI has no close relation to the occurrence of Es. However,
Figure 1a shows that near midnight when the F region
irregularities occurred, no VRI structure was detected and the
ERI weakening or disappearing is also not seen. The obser-
vations suggest that the ERI disruption and VRI generation
are observed only during the period of postsunset plume
structures that are linked with the EPB development. The
local time dependence of ERI and VRI during the presence of
growing plume structures is consistent with earlier studies
[Patra et al., 2005; Yokoyama et al., 2005]. Figure 1b shows
the HTI map observed on 16 March. In this case, the evolu-
tion of postsunset ERI, VRI and EPB show similar character
with those shown in Figure 1a. Notably, in this case, Es was
observed during the time of ERI disruption. However, during
the presence of postmidnight bubble structures, no ERI
structure was observed. Such a disappearance of ERI is
not likely associated with the occurrence of postmidnight
F region irregularity structures, since the ERI was absent
both before and after the occurrence of postmidnight F region
irregularity structures. Figure 1c shows another case observed
on 20 March, revealing a clear close correlation between the
postsunset occurrence of plume structures and VRI, and the
disappearance of ERI. The duration of plume activity and
VRI continued for a longer time about 2 h (13:00–15:00 UT).
In addition, the ERI echo intensity is in general weaker than
those shown in Figures 1a and 1b, and no Es layer was
observed. During the postsunset EPB conditions, the ERI was
totally disrupted. Figure 1d shows an example of non-
disruption of ERI and nonoccurrence of VRI during a non‐
EPB event observed on 4 March 2011. The E region echoes
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appeared first around 10:00 UT and continued to be present
until midnight hours. In these observations, the postmidnight
disappearance of ERI is a regular phenomenon with or
without postmidnight EPBs, which might come from the
combined action of more than one agent. For example, Es

layer, sufficient large density gradients and electric fields are
required for the instability to operate. A detailed study on this
topic will be left for future work.
[8] Figure 2 shows the line‐of‐sight Doppler velocity and

zonal drift measurements (from interferometry) for the cases
presented in Figures 1a–1c. Positive (negative) Doppler
velocity represents irregularity motion away from (toward)
the radar. As is evident, a recurring pattern in the Doppler
velocities shown in Figures 2a–2c is that during postsunset

(postmidnight) hours, the velocities corresponding to the
F region irregularity structures show predominantly positive
(negative) values indicating the presence of eastward (west-
ward) electric field in the EPB structures. However, the
Doppler velocities of VRI are also mostly positive (about
50 m/s) and show close correlation with the development of
postsunset EPB. However, the Doppler velocities of ERI are
obviously different from those of VRI and bubble structures.
The ERI Doppler velocities are mostly negative with values
less than −20 m/s, whereas Figure 2b illustrates a Doppler
velocity reversal with positive and negative values before and
after the local sunset, respectively. On the basis of similar
positive Doppler velocity for EPB and VRI, the VRI echoes
should be related to the EPB structures rather than the

Figure 1. Height‐time‐intensity (HTI) maps of backscatter echoes detected by the Sanya VHF radar on
(a) 8March 2011, (b) 16March 2011, (c) 20March 2011, and (d) 4March 2011. Black and red lines indicate
local and apex sunset terminators, respectively. The superimposed gray dotted lines show the critical fre-
quency of Es layer ( foEs) detected by the colocated ionosonde. The HTI plots show that the E region
field‐aligned irregularities (FAIs) are weakened or disrupted, but the valley region FAIs are triggered during
the development of postsunset F region irregularities. SNR, signal‐to‐noise ratio.
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E region FAI, especially during the conditions that the
ERI was weakened or disrupted. In addition, the zonal drift
velocities of EPB and VRI estimated from the interferometry
analysis of the received complex signals are shown in
Figures 2d–2f. Echoes with SNR > 5 dB only were utilized to
derive the zonal drift velocity owing to low coherence (<0.7)
values associated with the weaker echoes (SNR < 5 dB). The
absence of zonal drifts in valley region on 8 and 16 March is
due to the weaker echoes. As a whole, the observations
indicate that the postsunset bubble structures mostly drift
eastward with velocities varied from 50 to 100 m/s. The zonal
velocities of EPB are similar to earlier studies of drifts of
F region irregularities over Sanya [Li et al., 2007]. For the
VRI echoes, Figure 2f clearly shows that the VRI are also
observed to move overwhelmingly eastward with speeds
around 50 m/s.
[9] Figure 3 shows the occurrence of postsunset ERI,

VRI and EPB structures during equinoctial months of 2010–
2011. The red and green bars represent the occurrence and
nonoccurrence of irregularities, respectively. Figure 3a shows
that there are 173 nights with simultaneous E and F region
observations (the numbers of ERI, VRI and EPB occurrence
events are 111, 23, and 51, respectively). Out of these, we
characterize the ERI (nonoccurrence or weakened) and VRI
(generation) into three categories: VRI with or without EPB,
VRI with or without ERI, and ERI with or without EPB. The

numbers of events for the three categories and their occur-
rence on a given day are shown in Figures 3b–3d. As is
evident from Figure 3b, all VRI events (23) occurred on EPB
nights (51) during equinoctial months. However, Figure 3c
shows that the VRI (23) are observed when there is no
E region echo or ERI are weakened (62). The statistical
results indicate that the VRI detected by the Sanya VHF radar
are closely associated with the occurrence of postsunset EPB
structures rather than the ERI during equinoctial months.
Figure 3d shows the number of nights when ERI are weak-
ened or disappeared during EPB and non‐EPB conditions.
Out of 62 nights of ERI disruption, 41 events have been
observed during EPB events (51), and 21 events have been
observed during non‐EPB events (122).

3. Discussion

[10] The observations by the Sanya VHF radar clearly
show that during the presence of postsunset F region irreg-
ularities, the ERI disruption and VRI generation are simul-
taneously detected. In an attempt to understand the possible
cause of such simultaneous observation, we need to consider
the mechanisms known to operate for the two phenomena.
In the events shown in Figures 1a–1c, the ERI disruption
exhibited a similar temporal pattern with the development
of postsunset EPB structures, indicating an electrodynamic

Figure 2. Height‐timeDoppler velocity plots of field‐aligned irregularities (FAIs) observed on (a) 8March
2011, (b) 16March 2011, and (c) 20March 2011. (d–f) The zonal drift velocity derived from interferometric
analysis of those FAI echoes with signal‐to‐noise ratio >5 dB. Positive (negative) velocity represents irreg-
ularity motion away from (toward) the radar in Figures 2a–2c and eastward (westward) in Figures 2d–2f.
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coupling of E and F region. At low latitude, the Es disruption
during postsunset hours could be resulted from the equatorial
F region vertical upward electric field [Abdu et al., 2003].
Abdu et al. [2003] showed that the Es layer disruption com-
mences soon after 18:00 LT and continues till 21:00 LT under
larger PRE amplitudes. They proposed that the upward
electric field below the F layer when mapped to the low‐
latitudeE regionwould inhibit the layer formation resulting in
disruption of Es layer. Carrasco et al. [2007] in their simu-
lation studies also showed that the upward electrical field
existing below around 300–350 km inhibits/disrupts the
Es supporting the proposal of Abdu et al. [2003]. Such
an altitude corresponds to dip latitude of about 10°. In the
higher‐latitude region of more than 11°, the Es layer does not

disappear under the influence of PRE [e.g., Batista et al.,
2008]. However, using radar observations from low‐latitude
Gadanki and EAR, Patra et al. [2004, 2005] found that the
disruption of low‐latitude E region FAI is closely associated
with the development of EPB. They suggested that the large
eastward and upward PEFs generated within the bubble can
map along the magnetic field lines down to low‐latitude E
region and inhibit the occurrence of ERI. Referring to the
observations by the Sanya VHF radar (see Figures 1 and 2),
we note that the occurrence characteristics of ERI and EPB
are similar to those observed at Gadanki and west Sumatra.
Also, no obvious correlation was found between the Es layer
and the occurrence of plume structures during sunset hours.
Considering the dip latitude of Sanya (about 13°), together

Figure 3. (a) Occurrence of E region irregularities (ERIs), valley region irregularities (VRIs), and equa-
torial plasma bubbles (EPBs) during the equinoctial months of 2010–2011. Also shown are the daily con-
ditions and number of days of (b) VRI occurrence with or without EPB, (c) VRI occurrence with or without
ERI, and (d) ERI disappearance (weakened or disrupted) with or without EPB.

LI ET AL.: STUDY OF LOW‐LATITUDE ERIS, VRIS, AND EPBS A11319A11319

5 of 8



with the temporal characteristics of ERI disruption and EPB
occurrence, the ERI disruption during the development of
postsunset EPB seems likely not induced by the PRE and thus
is almost certainly induced by the PEFs mapped from EPB
structures.
[11] As far as the VRI are concerned, it is well known that

they are generated by the gradient drift instability owing to
electron density gradient (the presence of intermediate layer)
and electric field perpendicular to density gradient (for
details, see Patra [2008]). The background electric field, and
the electric field of higher‐latitude E region or equatorial
F region origin connected to the low‐latitude valley region
could excite the instability. During the absence of postsunset
EPB, the VRI are also observed by the GadankiMST radar on
some occasions. It is shown that the Doppler velocities of
VRI without EPB are mainly negative, and the velocity
amplitude is apparently smaller than that of VRI associated
with EPB. The background electric field or the electric field
mapped from higher‐latitudeE regionwas suggested to play a
role in the VRI generation during the non‐EPB events [Patra
and Venkateswara Rao, 2007]. However, the present statis-
tical results shown in Figure 3 indicate that almost all of the
VRI events occurred during the EPB conditions in equinoctial
months, revealing that the VRI may be associated with the
occurrence of postsunset EPB, rather than the higher‐latitude
Es activity. Moreover, earlier studies from the EAR indicate
that during the presence of EPB, the low‐latitude valley
region 3 m scale irregularities are essentially associated with
the image perturbation of equatorial F region electric field
applied to the low‐latitude intermediate layer [Yokoyama
et al., 2005]. For the VRI observations by the Sanya VHF
radar, Figure 1 shows that the presence of VRI is closely
related to the occurrence of equatorial F region irregularities,
and no VRI occurred during non‐EPB conditions. Further,
Figure 2 shows that the Doppler velocity of VRI is mostly
positive, indicating the irregularities moving away from the

radar. Such a positive Doppler velocity must be linked with
the presence of eastward electric field due to E × B drifts.
Considering the close correlation between the occurrence
time of VRI and EPB, and the similar positive Doppler
velocities and eastward drifts, we suggest that the eastward
electric field could be resulted from the mapping of PEFs
generated within the EPB structures.
[12] In the light of the mechanisms described above, we

may conclude that both the ERI disruption and VRI genera-
tion shown in Figure 1 are linked with the mapping of PEFs
generated within the EPB structures. However, this result
raises a question: Why could the PEFs simultaneously trigger
and inhibit the low‐latitude VRI and ERI structures, respec-
tively? From earlier studies we know that inside a plasma
bubble, the PEF is generated and directed from the west to the
east wall. Moreover, the in situ measurements [e.g., Aggson
et al., 1996] and model simulations [e.g., Zalesak et al.,
1982] have shown that the EPB often show bifurcated
structures, toward east and west. As can be seen from Aggson
et al. [1996, Figure 7], the west tilted EPB can bifurcate
several times through secondary processes, and eventually
form the complex multiple bifurcations at higher altitude. The
altitude of bifurcation varies from about 400 to 750 km or
more. Consequently, inside the west tilted bubbles, the PEF
has an eastward component and an upward component. In
contrast inside the east tilted bubbles, the PEF has an eastward
component and a downward component. In such conditions,
the PEFs associated with bifurcated bubble structures could
play different roles on the low‐latitude irregularities owing to
the mapping of downward and upward components of PEFs.
Figure 4 shows a schematic representing the mapping process
of the PEFs generated within the bifurcated bubble structures
down to the low‐latitudeE and valley regions. As can be seen,
the mapping of PEFs associated with the west tilted bubble is
similar to that reported by Patra et al. [2005]. The upward
PEF when mapped to low‐latitude E region, will reduce the

Figure 4. Schematic diagram representing the mapping effects of polarization electric fields associated with
equatorial plasma bubble bifurcation on the low‐latitude E and valley region field‐aligned irregularities.
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vertical downward background electric field in the E region
and also the growth rate of gradient drift instability, and thus
lead to a disruption of 3 m scale irregularities. However, the
mapping of downward PEF associated with the east tilted
structures at higher altitude will increase the downward
background electric field, and also the gradient drift insta-
bility. During the growth phase of bubble development, the
PEF inside bubbles can be strong. Further, using the in situ
measurements by the San Marco D satellite, Aggson et al.
[1996] found that the vertical electric fields are sometimes
stronger than the zonal component (in the bubbles), indicat-
ing that the branches of the bifurcating depletion region are
strongly tilted. The large downward (upward) PEF associated
with the largely tilted bubble structures, when map to low‐
latitude valley region, will remarkably enhance (reduce) the
vertical electric field in the valley region. Thus, for the strong
east tilted bubble structures, the downward PEF, or the PEF
together with the valley region background electric field
could trigger the development of VRI structures through
gradient drift instability. While considering the mapping
efficiency of electrostatic field along the magnetic field line,
Farley [1959] presented an efficiency factor (so /sp)

1/2, where
so and sp are conductivities parallel and perpendicular to
magnetic field, respectively. From the variation of (so /sp)

1/2

with altitude, we know that much of the attenuation for the
mapped electric field occurs at heights near the E region.
LaBelle [1985] showed that 10 km structures of the equatorial
F region origin would map to 120 km in the low‐latitude E
region with efficiency of 0.5, which is apparently larger than
that of E region mapped to F region. More details about the
mapping efficiency of E and F region coupling can be found
from Heelis and Vickrey [1990].
[13] However, as shown in Figures 3b and 3c, out of

51 EPB nights, there are only 23 nights with VRI generation,
and 41 nights with ERI weakening or disappearance. It
indicates that not all EPB events could trigger or inhibit the
low‐latitude E and valley region irregularities. The interme-
diate density layer and sufficient large electric field are
essential to the occurrence of VRI. Moreover, for the lifetime
of VRI, it depends on the decay process of the irregularities.
If the free energies continue to be provided for their suste-
nance, the irregularities will be seen for a longer time. From
Figure 1c we note that the VRI generation and ERI disruption
continued for a longer time than those of Figures 1a and 1b.
As is evident from Figure 2c, the Doppler velocities of cor-
responding EPBs remain positive for a longer time. Such
long‐duration positive Doppler velocities may indicate that
the mapped PEFs from equatorial F region bubble structures
continued for a long time to sustain the VRI, and inhibit the
ERI. Though we propose that the PEFs originated from the
equatorial bifurcated bubble structures could provide suitable
conditions for the disruption and generation of low‐latitude
irregularities, there is still an open question remaining: How
the PEF associated with the east and west tilted bubbles
simultaneously trigger and inhibit the low‐latitude valley and
E region irregularities, respectively? It is important to note
that the PEF generated within the longitudinally separated
bubble structures (for east and west tilted) would map to the
low‐latitude E and valley regions separated longitudinally.
This implies that we would see the two processes (ERI dis-
ruption and VRI occurrence) by the Sanya VHF radar as the
two regions move through the radar field of view. Assuming

that both the E and valley regions move with the same
velocity (which includes direction also), we expect to see
these with some time delay (owing to longitudinal separa-
tion). But if they move with different velocity, there is every
likelihood that we may see these near simultaneously. It
should be pointed out that using radar observations we are
essentially getting a slit camera type picture of a moving
ionosphere. Thus, from present observations detected by the
Sanya VHF radar, we may stress that both the low‐latitude
ERI disruption and VRI generation are associated with the
development of postsunset EPB structures. However, more
observations from coordinated multi‐instruments and model
simulation will be required to confirm such a scenario that
the multi bifurcated EPBs play crucial roles for the simul-
taneous occurrence of low‐latitude ERI disruption and VRI
generation.

4. Conclusion

[14] We have presented the measurements of E, valley and
F region irregularities by the Sanya VHF coherent scatter
radar. The analysis focuses on the simultaneous observa-
tions of E region irregularities disruption and valley region
irregularities generation during the presence of postsunset
F region bubble structures. The results suggest that the elec-
tric field coupling from the unstable equatorial F region
to low‐latitude E and valley region could trigger and inhibit
the occurrence of irregularities, depending on the polarity of
the polarization electric field associated with the bifurcation
of equatorial plasma bubbles. Themapping of upward/eastward
and downward/eastward electric field associated with the
west tilted and east tilted bubble structures may be respon-
sible for the disruption of E region irregularities and the
generation of valley region irregularities, respectively.
Although the proposal that the PEF mapped from equatorial
bifurcated bubbles could simultaneously trigger and inhibit
low‐latitude irregularities is tentative, it certainly deserves
further study on the basis of coordinated multi‐instrument
observations and model simulation.

[15] Acknowledgments. This research is supported by the Natural
Science Foundation of China (40904038, 41074113, and 41174136),
Chinese Academy of Sciences (KZCX2‐YW‐Y10), and National Important
Basic Research Project of China (2011CB811405).
[16] Robert Lysak thanks the reviewers for their assistance in evaluating

this paper.

References
Abdu, M. A., J. W. MacDougall, I. S. Batista, J. H. A. Sobral, and P. T.
Jayachandran (2003), Equatorial evening prereversal electric field
enhancement and sporadic E layer disruption: A manifestation of E
and F region coupling, J. Geophys. Res., 108(A6), 1254, doi:10.1029/
2002JA009285.

Aggson, T., H. Laakso, N. Maynard, and R. Pfaff (1996), In situ obser-
vations of bifurcation of equatorial ionospheric plasma depletions,
J. Geophys. Res., 101, 5125–5132, doi:10.1029/95JA03837.

Alam Kherani, E., E. R. de Paula, and F. C. P. Bertoni (2004), Effects of
the fringe field of Rayleigh‐Taylor instability in the equatorial E and valley
regions, J. Geophys. Res., 109, A12310, doi:10.1029/2003JA010364.

Batista, I. S., M. A. Abdu, A. J. Carrasco, B. W. Reinisch, E. R. de Paula,
N. J. Schuch, and F. Bertoni (2008), Equatorial spread F and sporadic
E‐layer connections during the Brazilian Conjugate Point Equatorial
Experiment (COPEX), J. Atmos. Sol. Terr. Phys., 70, 1133–1143,
doi:10.1016/j.jastp.2008.01.007.

Carrasco, A. J., I. S. Batista, and M. A. Abdu (2007), Simulation of the spo-
radic E layer response to prereversal associated evening vertical electric

LI ET AL.: STUDY OF LOW‐LATITUDE ERIS, VRIS, AND EPBS A11319A11319

7 of 8



field enhancement near dip equator, J. Geophys. Res., 112, A06324,
doi:10.1029/2006JA012143.

Farley, D. (1959), A theory of electrostatic fields in a horizontally stratified
ionosphere subject to constant, vertical magnetic field, J. Geophys. Res.,
64, 1225–1233, doi:10.1029/JZ064i009p01225.

Farley, D., H. Ierkic, and B. Fejer (1981), Radar interferometry: A new
technique for studying plasma turbulence in the ionosphere, J. Geophys.
Res., 86, 1467–1472, doi:10.1029/JA086iA03p01467.

Haldoupis, C., M. C. Kelley, G. C. Hussey, and S. Shalimov (2003),
Role of unstable sporadic‐E layers in the generation of midlatitude spread
F, J. Geophys. Res., 108(A12), 1446, doi:10.1029/2003JA009956.

Heelis, R., and J. Vickrey (1990), Magnetic field‐aligned coupling effects
on ionospheric plasma structure, J. Geophys. Res., 95, 7995–8008,
doi:10.1029/JA095iA06p07995.

Kelley, M. C., C. Haldoupis, M. J. Nicolls, J. J. Makela, A. Belehaki,
S. Shalimov, and V. K. Wong (2003), Case studies of coupling between
the E and F regions during unstable sporadic‐E conditions, J. Geophys.
Res., 108(A12), 1447, doi:10.1029/2003JA009955.

Kudeki, E., and S. Bhattacharyya (1999), Postsunset vortex in equatorial
F region plasma drifts and implications for bottomside spread F, J. Geophys.
Res., 104, 28,163–28,170, doi:10.1029/1998JA900111.

LaBelle, J. (1985), Mapping of electric field structures from the equatorial
F region to the underlying E region, J. Geophys. Res., 90, 4341–4346,
doi:10.1029/JA090iA05p04341.

Li, G., B. Ning, and H. Yuan (2007), Analysis of ionospheric scintillation
spectra and TEC in the Chinese low latitude region, Earth Planets Space,
59, 279–285.

Li, Z., and B. Ning (2010), Planetary‐scale wave observations over a low‐
latitude E region using simultaneous observations of VHF radar and
ionosonde over Sanya (18.34°N, 109.62°E), J. Geophys. Res., 115,
A12325, doi:10.1029/2010JA015816.

Miller, E. S., J. J. Makela, and M. C. Kelley (2009), Seeding of equatorial
plasma depletions by polarization electric fields from middle latitudes:
Experimental evidence, Geophys. Res. Lett., 36, L18105, doi:10.1029/
2009GL039695.

Otsuka, Y., K. Shiokawa, T. Ogawa, T. Yokoyama, and M. Yamamoto
(2009), Spatial relationship of nighttime medium‐scale traveling
ionospheric disturbances and F region field‐aligned irregularities
observed with two spaced all‐sky airglow imagers and the middle and

upper atmosphere radar, J. Geophys. Res., 114, A05302, doi:10.1029/
2008JA013902.

Patra, A. K. (2008), Some aspects of electrostatic coupling between E and
F regions relevant to plasma irregularities: A review based on recent
observations, J. Atmos. Sol. Terr. Phys., 70, 2159–2171, doi:10.1016/j.
jastp.2008.05.013.

Patra, A. K., and N. Venkateswara Rao (2007), Low‐latitude valley region
irregularities studied using the Gadanki radar, J. Geophys. Res., 112,
A03303, doi:10.1029/2006JA011857.

Patra, A. K., P. B. Rao, V. K. Anandan, A. R. Jain, and G. Viswanathan
(2002), Evidence of intermediate layer characteristics in the Gadanki
radar observations of the upper E region field‐aligned irregularities,
Geophys. Res. Lett., 29(14), 1696, doi:10.1029/2001GL013773.

Patra, A. K., S. Sripathi, and D. Tiwari (2004), Coupling effect of the
equatorial F region irregularities on the low‐latitude E region instability
processes, Geophys. Res. Lett., 31, L17803, doi:10.1029/2004GL020486.

Patra, A. K., T. Yokoyama, M. Yamamoto, S. Saito, T. Maruyama, and
S. Fukao (2005), Disruption of E region echoes observed by the EAR
during the development phase of equatorial spread F: A manifestation
of electrostatic field coupling, Geophys. Res. Lett., 32, L17104,
doi:10.1029/2005GL022868.

Vickrey, J. F., M. C. Kelley, R. Pfaff, and S. R. Goldman (1984), Low‐
altitude image striations associated with bottomside equatorial spread F:
Observations and theory, J. Geophys. Res., 89, 2955–2961, doi:10.1029/
JA089iA05p02955.

Yokoyama, T., A. K. Patra, S. Fukao, and M. Yamamoto (2005), Iono-
spheric irregularities in the low‐latitude valley region observed with
the Equatorial Atmosphere Radar, J. Geophys. Res., 110, A10304,
doi:10.1029/2005JA011208.

Zalesak, S., S. Ossakow, and P. Chaturvedi (1982), Nonlinear equatorial
spread F: The effect of neutral winds and background Pedersen conduc-
tivity, J. Geophys. Res., 87, 151–166, doi:10.1029/JA087iA01p00151.

L. Hu, G. Li, B. Ning, and W. Wan, Beijing National Observatory of
Space Environment, Institute of Geology and Geophysics, Chinese
Academy of Sciences, Beijing 100029, China. (GZLee@mail.iggcas.ac.cn)
A. K. Patra, National Atmospheric Research Laboratory, Gadanki,

Chitoor District, Andhra Pradesh 517112, India.

LI ET AL.: STUDY OF LOW‐LATITUDE ERIS, VRIS, AND EPBS A11319A11319

8 of 8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


