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[1] Previous ground observations have revealed a correlation that exists between
equatorial plasma bubbles, evening equatorial ionization anomaly (EIA), and prereversal
E � B drift velocity using latitudinal arrays of ionospheric sounders, such as in the
Indian and American regions. Besides the ground measurements, the space-based
observations also provide a convenient way to study the global-scale variations. On the
basis of in situ data collected from DMSP, ROCSAT-1, and CHAMP satellites, we
investigated the correlation of seasonal/longitudinal variations of plasma bubble (PB)
occurrence, evening EIA, and prereversal E � B drifts on magnetically quiet days
during the solar maximum years (2000–2002). In general, the observational results
provide consistent evidences that the large-scale variations in seasonal/longitudinal
distribution of evening EIA and PB occurrence rates are well-correlated with the
observed evening prereversal E � B drifts and that some of the small-scale longitudinal
variations (such as wave number-4 structure during equinox) of evening EIA exist
before the occurrence of the prereversal enhancement and coincide with the daytime
equatorial electrojet. In such cases, the small-scale longitudinal variation of PB
occurrence rates may result from the evening EIA small-scale longitudinal structures.
The evening prereversal E � B drifts, together with the longitudinal variations of
evening EIA, are assumed to play a role in determining the longitudinal variations of
equatorial and low-latitude PB occurrence rates.
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1. Introduction

[2] The equatorial and low-latitude ionosphere is a
highly dynamic region, which is characterized by the
existence of the equatorial ionization anomaly (EIA),
shown as a peak in the ion densities located on either
side of the magnetic equator, and intense equatorial
plasma bubbles (EPBs) associated with irregularities

inducing ionospheric scintillation. The EIA is known to
be created by the fountain effect, which consists of the
uplift of plasma at the magnetic equator by eastward
electric fields and subsequent redistribution along the
magnetic field lines to higher latitudes. The bubble refers
to irregular plasma density depletions observed by sat-
ellites and radar backscatter in the topside ionosphere
[Woodman and LaHoz, 1976], which is generated on the
bottomside of the nighttime equatorial F region and rises
to higher altitudes as a result of nonlinear evolution of
the generalized Rayleigh-Taylor (RT) and E � B insta-
bilities [Kelley, 1989; Fejer et al., 1999].
[3] There are a few observational studies on equatorial

spread F (ESF) and EIA [e.g., Walker, 1981; Valladares
et al., 2001; Dabas et al., 2006]. Related study of the
association between postsunset EIA, ESF/scintillation
and E � B drift velocity is also reported. Alex et al.
[1989, 2003] investigated the correlation of EIA and
scintillation during ATS-6 phase II in India and during
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IGY in America. In a case study, Whalen [2000] used
multistation ionosonde data from the American sector
and examined the evolution of EPB in relation to the
bottomside spread F and to the occurrence of postsunset
EIA. Their study reported that there is a strong link
between altitudinal/latitudinal growth of a plasma bubble
and the development of postsunset EIA. By using ETS-II
data at Delhi, Gupta et al. [2002] reported that the
occurrence of VHF scintillations and Faraday polariza-
tion fluctuations are strongly dependent on the simulta-
neous occurrence of postsunset EIA.
[4] Many observations also show the association of the

generation and evolution of ESF with the vertical plasma
drift velocities. Basu et al. [1996], using the campaign
measurements between 25 September to 7 October in
1994 in the South American sector, reported that the
prereversal enhancement in upward drift of about 20 m/s
is a necessary condition for the development of scintil-
lation occurrence. Fejer et al. [1999] analyzed the
Jicamarca incoherent scatter radar observations between
1968 and 1992, and found that weak and strong irregu-
larity levels increased with increasing E � B drift. By
examining the relationship between the enhanced up-
ward E � B drift velocity after sunset and the subsequent
scintillation activity for the forecasting on a day-to-day
basis, Anderson et al. [2004] demonstrated that there
exists a threshold velocity of 20 m/s that determines the
scintillation occurrence. Tulasi Ram et al. [2006] further
confirmed the existence of a threshold value of 30 m/s
and 20 m/s respectively during high and low sunspot
year in the Indian longitude sector. Taking into con-
sideration the relationship between postsunset EIA and
E � B drift, Garg et al. [1983] reported that the onset
and decay of postsunset EIA is controlled by E � B
drifts and meridional winds.
[5] By investigating the joint measurements of E � B

drift together with EIA and ESF in the western American
sector, Whalen [2001] suggested that when four coincid-
ing thresholds are exceeded, the bubbles will be ob-
served during equinox months at solar maximum. Later
Whalen [2003] extended the previous equinox study to
the entire year and showed that the equatorial anomaly
is approximately linear with E � B drift, and ESF
occurrence is dependent on and increases with maxi-
mum E � B drift velocity during the Equinox and June
solstice period. Using simultaneous recordings of VHF
scintillations, Faraday rotation, ionosonde measure-
ments and magnetic field data in the Indian zone,
Dabas et al. [2003] found that after the initial devel-
opment of a plasma bubble, the E � B drift and the
postsunset secondary maximum in inospheric electron
density play an important role in the subsequent growth
and evolution. Also, they suggested that the equatorial
electrojet (EEJ) is a useful parameter for predicting the
PBs development.

[6] When considering the association between the global-
scale variations of EIA, PBs and prereversal E � B drift,
earlier ground-based observations are of limited use
because of the limited longitudinal coverage of land-
masses around the magnetic equator. Space-based obser-
vations of the EIA, PBs and E � B drift have offered
the ability to study the morphology on a global-scale. By
using large databases from satellites such as AE-E,
DMSP, KOMPSAT, ROCSAT, a large number of obser-
vational studies on EPBs and E � B drifts have been
performed [e.g., Kil and Heelis, 1998; McClure et al.,
1998; Huang et al., 2001; Burke et al., 2004]. The
longitudinal variations of PB occurrence show that the
EPB occurrence is inhibited in the Pacific region during
the December solstice and in the American-Atlantic region
during the June solstice, and the seasonal variation is
significant in the Pacific region [e.g., Gentile et al., 2006;
Su et al., 2006]. By using DMSP, KOMPSAT density
measurements, and plasma vertical drift model [Scherliess
and Fejer, 1999], Park et al. [2005] investigated the
effects of vertical drift on EPB occurrence. They found
that the observed seasonal/longitudinal variations in EPB
occurrence correlate with the modeled upward plasma
drift. Henderson et al. [2005], using the GUVI observa-
tions, found that the crest-to-trough ratio (CTR) is well-
correlated with EPB occurrence rate except in the Pacific
sector during June solstice, where the occurrence rate is
high and the CTR is low. Here we utilize the prereversal
E � B drift and the plasma density obtained from
ROCSAT-1, density measurements from DMSP and
CHAMP satellites to investigate the seasonal/longitudinal
distribution of PB occurrence rates, evening EIA and
prereversal E � B drifts. This study shows that the
small-scale longitudinal variations of low-latitude PB
occurrence rates are better associated with the small-scale
longitudinal structures of evening EIA and daytime EEJ.
The main objective of this work is to examine the longitu-
dinal correlation of evening EIA and prereversal E � B
drifts for given seasons, and the dependence of PB
occurrence on prereversal E � B drifts and evening
EIA from simultaneous observations on magnetically
quiet days (defined by an average Kp < 3).

2. Observations and Data Processing

[7] ROCSAT-1 was launched into a circular orbit at an
altitude of �600 km and carried instruments including
the Ionospheric Plasma and Electrodynamics Instrument
(IPEI), which is designed to take in situ measurements of
ion density, temperature, composition, and drift velocity
over a large dynamic range with high accuracy [Yeh et
al., 1999]. DMSP satellites are three-axis stabilized
spacecraft that fly in Sun-synchronous, circular 98.7�
inclination orbits at an altitude of �840 km. The
geographic local times of the orbits are either near
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18 h–06 h or 21 h–09 h local timemeridians. Each satellite
carries a suite of sensors called the Special Sensors-Ions,
Electrons, and Scintillation (SSIES) to measure the
densities, temperatures, and drifts of ionospheric ions
and electrons [Rich and Hairston, 1994]. Here the density
measurements from ROCSAT-1 (18 h–24 h LT) and
DMSP-F15 (near 21 h LT) within magnetic latitude
jMLatj < 20� are used to study the plasma density
irregularity structures.
[8] Although different criteria for identifying EPBs

have been used in different studies [e.g., Kil and Heelis,
1998; McClure et al., 1998; Huang et al., 2001; Su et al.,
2006], the reported statistical results are similar. In order
to perform comparisons between PB occurrence rates
and E � B drift velocities, we used the criteria described
in detail by Su et al. [2006]. Briefly, through an auto-
search program, the ROCSAT 1 s (DMSP 4s) averaged
ion density data is linearly detrended a 10 s (20 s) data
segment, and a standard deviation value s is obtained.
The s value reflects the roughness of a density structure
and has a threshold value of 0.3% for identifying a
plasma bubble.

[9] The electron density, obtained from a planar Lang-
muir probe mounted on the lower front panel of the
CHAMP satellite [McNamara et al., 2007], is used to
characterize the individual EIA profiles. Lühr et al.
[2007], using CHAMP density data, defined a crest-
to-trough ratio (CTR) to characterize the EIA profile by
a single number, CTR = (ncn + ncs)/2nt, where ncn and
ncs are the peak electron densities at the north and south
crests, and nt is the density at the equatorial trough.
This ratio is suggested equivalent to the index used in
total electron content studies [Mendillo et al., 2000] and
can be regarded as a measure of the strength of the
equatorial fountain.

3. Results and Discussion

[10] To examine the global-scale dependence of even-
ing EIA strength and PB occurrence rates on prereversal
enhancements, we present the prereversal E � B drift
velocity obtained from ion drift measurements from
ROCSAT-1 (within 5 degrees of the magnetic equator).
As Kil et al. [2007] reported, the accuracy of the velocity
measurements from the ion drift meter on board the

Figure 1. (Top) Seasonal and longitudinal variations of evening equatorial prereversal E � B
drifts, (middle) percentage of the oxygen ions, and (bottom) the plasma density obtained from
ROCSAT-1 for quiet conditions during solar maximum years (2000–2002). The vertical bars are
the standard deviations.
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ROCSAT-1 depends on the total ion density and the
proportion of oxygen ions. The cross-track ion velocity
can be determined accurately (error < 10%) when the ion
density is greater than 103 cm�3 and the percentage of
the oxygen ion is greater than 85%. In the following
study, the ion density, the percentage of the oxygen ion
(O+), and the averaged evening prereversal E � B drift
velocity are obtained within the period 18 h–19 h LT.
[11] In Figure 1, the 15� longitudinal mean values of

evening prereversal E � B drift velocity during Equinox
(months 3–4, 9–10), June solstice (months 5–8) and
December solstice (months 1–2, 11–12) are shown in
the top panels. The vertical bars are the standard devia-
tions. The percentage of O+ and the plasma density are
presented in the middle and bottom panels respectively.
From these panels, it is seen that in most cases at 600 km,
the condition (ion density and percentage of O+ greater
than 103 cm�3 and 85% respectively) is satisfied. The
prereversal E � B drift pattern shows the seasonal/
longitudinal variations are similar to the modeled equato-
rial vertical drift velocity (cf. Figure 9c of Scherliess and
Fejer [1999]).

3.1. Association Between the Evening EIA and
Prereversal E ��������������� B Drifts

[12] We now perform a direct comparison between the
seasonal/longitudinal variations of the evening EIA and
the prereversal E � B drifts. As shown in Figure 2,

the CHAMP electron density data within period 18 h–
20 h LT are sorted into longitude and latitude bins (top
panels), the electron density peaks are located north
and south of the magnetic equator, and the density
trough is in between them. The 15� longitudinal mean
values of EIA strength characterized by the CTR index
are presented in the bottom panels.
[13] In general it can be clearly seen from Figures 1

and 2 that the evening EIA strength in the seasonal/
longitudinal distribution is similar to the prereversal E �
B drifts. During equinox, the evening prereversal E � B
drifts, with a minimum average velocity of 30 m/s, are
larger than the solstice drifts. Large-scale longitudinal
changes of E � B drifts are evident during solstice. The
June solstice E � B drifts have two apparent peaks
centered in the Pacific (220�E), Atlantic and Africa (0�E)
longitude regions respectively. For the December sol-
stice, the maximum E � B drifts are shifted to Indian
(60�E), American and Atlantic (300�E) regions. Corre-
spondingly, the large-scale longitudinal variation of the
evening EIA strength is evident during solstices, with
peak values located in the Pacific, Atlantic and Africa
regions (for June solstice), and the Indian, American and
Atlantic sectors (for December solstice). As a whole, the
evening EIA is strongest during equinox (the longitudi-
nal averaged CTR index is larger than 4), intermediate
during December solstice and weakest during June
solstice. Similar results were reported by Valladares

Figure 2. Season/Longitude-dependent structures of evening EIA (18–20 h LT). (Top)
Distribution of the electron density from CHAMP for quiet conditions at solar maximum.
(Bottom) The CTR index derived from the electron density profile (smooth curve of each panel is
fitted to the 15� longitudinal mean values) shown above.
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et al. [2001]. By using a chain of GPS receivers located
in the Western American sector, they found that the
anomaly was greatest in latitude and TEC level near the
equinoxes, least near June solstice, and intermediate near
December solstice.
[14] Figure 3 shows the evening EIA strength (CTR)

associated with the evening prereversal E � B drift
velocity for the same longitude grid. A clear relation
exists between the magnitude of the prereversal enhance-
ment and the EIA strength: larger prereversal enhance-

ment presents, the EIA are much stronger. In the
equinoctial months, the drift velocity and the EIA
strength are greater than 30 m/s and 4 respectively.
During solstices, the EIA strength increases with the
increasing drift velocity. As a whole, it probably indicates
that the EIA strength is linear in E � B drift velocity, and
shows consistency in the observed [Whalen, 2003, 2004]
and modeled [Basu et al., 2004] results. By analyzing the
Nemax (maximum F layer electron density) measured by
eight ionospheric sounders, which were located in the

Figure 3. Plot of the evening EIA strength (CTR) and the prereversal E � B drift velocity for
the same longitude.

Figure 4. Same as Figure 2 but for afternoon EIA (16–18 h LT). Figures 2 and 4 show that the
seasonal distribution in the evening EIA is apparently stronger than that in the afternoon EIA for
nearly all longitudes, but the wave-like small-scale variation in longitudinal distribution between
them is similar, especially during equinox.
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anomaly regions in eastern Asia, the Pacific, and South
America, Whalen [2004] found that Nemax is linear with
E � B drift speed at each station with functional
dependence that varies with latitude and longitude. On
the basis of the low-latitude density model of Air Force
Research Laboratory (AFRL) and the drift measurements
from Jicamarca incoherent scatter radar, Basu et al.
[2004] reported that there exists a linear relationship
between the maximum postsunset plasma drift velocity
and the peak-to-valley ratio of anomaly TEC, and they
suggested that the linear relationship may be used to
estimate the maximum postsunset velocity from the
peak-to-valley ratios of anomaly TEC.
[15] When we note the small-scale longitude structures

of evening EIA, such as the wave number-4 structure
during Equinox, it is found that the structure exists
before the occurrence of the prereversal enhancement.
As shown in Figures 2 and 4, the small-scale longitude
variation of evening (18 h–20 h LT) EIA strength is
similar to the afternoon (16 h–18 h LT) EIA strength
during equinox, and are marked as a, b, c, d, e and f in
these two figures. By using late afternoon TOPEX TEC
measurements, Vladimer et al. [1999] showed that the
TEC in the EIA region displays longitudinal variability
which extends over 4 hours of LT and is repeated day-to-
day during magnetically quiet conditions. Here the
similarities between four peaked longitude structures of
evening EIA and afternoon EIA, probably indicate that

the observed small-scale longitudinal variations of even-
ing EIA are associated with the daytime EIA small-scale
longitude structures. On the basis of the measurements
from IMAGE and TIMED satellites, Sagawa et al.
[2005] and England et al. [2006a] examined the global
characteristics of postsunset EIA, and found four peaked
wave-like longitudinal variation during Equinox.
Through an analysis of two data sets and GWSM-02
model, England et al. [2006b] reported that the four
peaked longitudinal variation of postsunset EIA is cre-
ated by a process occurring in the dayside ionosphere,
and the predicted modulation of the dayside thermo-
spheric winds and temperatures at E region altitudes
(created by nonmigrating diurnal tides) can explain the
modulation in the dayside equatorial fountain.
[16] Comparison of Figures 2 and 4 show that the

seasonal distribution of the evening EIA is stronger than
afternoon EIA strength for nearly all longitudes. The
good agreement between the large-scale longitudinal
variation of evening EIA and prereversal E � B drifts,
and the enhanced EIA strength around sunset indicate a
positive correlation between the prereversal enhancement
and EIA. The prereversal E � B drifts enhance the
equatorial fountain and increase the plasma density at
off-equatorial latitudes, thus give rise to large ionization
anomaly during postsunset hours, as indicated by the
larger CTR index presented in Figure 2 as compared to
Figure 4. Some small-scale variations in longitudinal

Figure 5. Seasonal and longitudinal variation of equatorial plasma bubble (EPB) occurrence
(jMLatj < 10�). (Top) EPB occurrence obtained from ROCSAT-1 for quiet conditions at solar
maximum. (Bottom) Same as top panels but obtained from DMSP-F15. The large-scale variations
in longitudinal distribution of EPB occurrence rates are similar to the prereversal E � B drifts.
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distribution of evening EIA, are found to be consistent
with the longitudinal variations of afternoon EIA.

3.2. Dependence of PB Occurrence Rates on
Prereversal E ��������������� B Drifts and EIA

[17] In this section, we shall describe the character-
istics of the observed plasma bubbles (PBs), and analyze
the dependence of PB occurrence on prereversal E � B
drifts and evening EIA in three sets of observations.
Taking into consideration the global structures, the
seasonal/longitudinal statistical occurrence distribution
of density irregularities have been studied by many
authors [e.g., Kil and Heelis, 1998; McClure et al.,
1998; Huang et al., 2001; Burke et al., 2004; Gentile
et al., 2006; Su et al., 2006]. Here we focus on the
correlative study between them. First we simply depict
the large-scale seasonal/longitudinal variation of PB
occurrence rates. As shown in Figures 5 and 6, the PB
occurrence rates within the equatorial and low-latitude
regions for ROCSAT-1 and DMSP F15 measurements
are recorded. The smooth curve of each panel is fitted to
the 15� longitudinal mean values, and the vertical bars
are the standard deviations. In general the features of the
seasonal/longitudinal variations of PB occurrence rates
obtained from ROCSAT-1 and DMSP F15 are similar.
[18] Figures 5 and 6, together with Figure 1, indicate

that the equatorial and low-latitude PB percentage occur-
rence rate shows correspondence with the large-scale

longitudinal distribution of prereversal E � B drift veloc-
ity. Previous studies have shown that the bubble occur-
rence rate increases with the increasing prereversal E� B
drift. Using KOMPSAT-1 and DMSP F15 density meas-
urements, and the vertical drift estimated from the drift
model [Scherliess and Fejer, 1999], Park et al. [2005]
examined the relationship of EPBs distribution and the
vertical plasma drift, and reported that the longitudinal
variation of EPBs is well-correlated with the upward drift
during equinox and June solstice. On the basis of the ion
density and drift measurements from ROCSAT-1, DMSP
F13 and F15, Li et al. [2007] investigated the large-scale
seasonal/longitudinal dependence and the latitudinal ex-
tent of PB occurrence on prereversal enhancement. A clear
linear correlation exists between the magnitude of the
prereversal enhancement and the equatorial and low-
latitude PB occurrence rate. The results indicate that the
larger prereversal E � B drifts, by lifting the F layer to
higher altitudes where the recombination effects are
negligible and collisions are rare, result in a condition
conducive to the development of plasma irregularities.
Also, through the Generalized Rayleigh-Taylor (GRT)
instability mechanism, the depleted plasma bubbles rise
to higher altitudes and extend to higher latitudes along the
magnetic field lines.
[19] On the other hand, taking into account the

small-scale longitudinal variations, it can be seen that
the small-scale wave-like variations in longitude dis-

Figure 6. Same as Figure 5 but for low-latitude plasma bubble (LPB) occurrence (10� � jMLatj <
20�). The small-scale variations in longitudinal distribution of LPB occurrence rates (labeled A, B,
C, D, E, and F and A0, B0, C0, D0, E0, and F0) are similar to the evening EIA.
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tribution of low-latitude plasma bubble (LPB, 10� �
jMLatj < 20�) occurrence rate is obvious, and marked
as A, B, C, D, E and F for ROCSAT-1, and A0, B0, C0,
D0, E0 and F0 for DMSP F15. These wave-like varia-
tions in longitudinal distribution of LPB occurrence
rates are similar to the evening EIA for given seasons.
Using the GUVI observations during years 2002–2003,
Henderson et al. [2005] found that the EPB occurrence
rate in longitudinal distribution is well-correlated with
CTR for a given season and year, but the Pacific sector is
unique in that the CTR is low yet EPB occurrence rate is
high during June solstice. This phenomenon can be seen
from Figures 2 and 5. As shown in the top and bottom of
Figure 2, lower CTR values are observed in the Pacific
regions during June solstice (located between e and f
labeled regions), and the high EPB occurrence rate in the
whole Pacific sector is shown in Figure 5, which is
consistent with the high prereversal E � B drifts in that
sector. A possible explanation could be that the E � B
drifts enhance the RT instability and play the main role for
the development of PBs.
[20] Together with earlier studies and observational

results presented in Figures 1, 5 and 6, it is seen that
the PB occurrence rates and prereversal E � B drifts
show the similar large-scale variation in longitudinal
distribution for a given season. For the small-scale
structure seen in the longitudinal distribution of LPB
occurrence rates, it exhibits a good agreement with the
evening EIA. These observational results indicate that
the large-scale longitudinal variation of PB occurrence
rates result from the prereversal E � B drift, and the
small-scale longitudinal variation is probably induced by
the small-scale longitudinal structure of evening EIA.

3.3. Discussion

[21] In previous sections we have seen that the large-
scale variations in seasonal/longitudinal distribution of
evening EIA strength and PB occurrence rates are
similar to evening prereversal E � B drifts, because
of the same main driving source of prereversal F region
electric field enhancement over the magnetic equator.
The prereversal electric field enhancement is produced
by the interaction of the evening eastward thermospher-
ic wind with the longitudinal E layer Pedersen conduc-
tivity that exists across the sunset terminator [Abdu,
1997]. The rapid evening enhancement in the zonal
electric field leads to large vertical drifts, thereby lifting
the F layer to altitudes where the condition is conducive
to the development of plasma irregularities. Also, the
large evening vertical drifts cause the resurgence of the
equatorial fountain, and increase the plasma density at
off-equatorial latitudes.
[22] Despite the similarities between large-scale varia-

tion in longitudinal distribution of PB occurrence rates,
evening EIA strength and prereversal E � B drifts for a

given season, the discrepancies exist in small-scale
longitudinal variations. Using simultaneous recordings
of VHF scintillations at five locations situated in Indian
sector, Dabas et al. [2003] examined the scintillation
occurrence, E � B drift speed and EEJ, and found that
the scintillation shows positive correlation with daytime
(1100 LT) EEJ strength. Here we shall adopt the EEJ
strength modeled by Alken and Maus [2007], which were
derived from CHAMP observations, to investigate the
dependence of small-scale wave-like variation in longi-
tudinal distribution of PB occurrence rates on evening
EIA and daytime EEJ. The results are shown in Figure 7.
[23] The prereversal E � B drifts, EIA strength and PB

occurrence rates presented in Figure 7 are the mean
values derived from Figures 1, 2, 5, and 6. From
Figure 7, it is seen that during equinox, the peaked
longitude structure in the LPB occurrence rates (labeledA,
B, C and D) and CTR index (labeled a, b, c and d) are in
good agreement with daytime EEJ (labeled a0, b0, c0 and
d0). During the solstices, correspondence between LPB
occurrence rates (labeled E and F) and EIA strength
(labeled e and f) was also observed, and correspond well
with daytime EEJ peaks (e0 and f0). Results of the figure
indicate that the wave-like longitudinal variation of EEJ
may be responsible for the small-scale variations in
longitudinal distribution of LPB occurrence rates, espe-
cially during equinox. By comparing the postsunset EIA
obtained from IMAGE and TIMED satellites with EEJ
obtained from CHAMP, Ørsted and SAC-C measure-
ments, England et al. [2006a] found the postsunset EIA
and daytime EEJ show similar wave-like longitudinal
variation during equinox, and a strong vertical coupling
between the ionosphere and troposphere was suggested.
Using simultaneous observations of the electron density
and zonal wind obtained from CHAMP satellite, Lühr et
al. [2007] found that the EIA and the zonal delta wind
show a persistent and dominant 4-peaked longitudinal
variation. Considering the zonal winds are the prime
driver of the F region dynamo, they suggested that the
wave-4 pattern should be visible in all phenomena influ-
enced by the F region dynamo. According to the GRT
equation [Sultan, 1996], the growth rate of the instability
is proportional to the product (rN/N) � N integrated
through the ionosphere [e.g.,Aarons et al., 1981;Rino and
Liu, 1982;Wernik et al., 1983]. A strong EIA gives rise to
large ionization anomaly gradients (rN/N) in the post-
sunset time frame, which enhances PB development
associated with intense scintillation. Hence for the ob-
served small-scale longitudinal variation of LPBs, it is
probably induced by the small-scale variation in longitu-
dinal distribution of EIA, which is determined by the
coupling process between ionosphere and troposphere as
England et al. [2006a, 2006b] suggested. The source of
the small-scale signature in EIA and EEJ is themodulation
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of the daytime E region dynamo fields and the associated
vertical drifts in the F region ionosphere.

4. Summary

[24] From all of above results and discussion, this
paper reports the association of large-scale variations of
evening EIA, PB occurrence rates in longitudinal distri-
bution with evening prereversal E � B drifts, and the
dependence of small-scale longitudinal variations of LPB
occurrence rates on evening EIA and daytime EEJ for
given seasons. The main conclusions are summarized as
follows, (1) The good agreement between the large-scale
variations in seasonal/longitudinal distribution of PB
occurrence rates, evening EIA and prereversal E � B

drifts, indicates that the prereversal E � B drifts provide
the most likely mechanism responsible for the global
large-scale variations in longitudinal distribution of even-
ing EIA enhancement and PB occurrence rates. (2) Both
ROCSAT-1 and DMSP F15 instruments observed small-
scale wave-like variation in longitudinal distribution of
LPB occurrence rates. The locations of these small-scale
wave-like peaks are similar to those of the strong
evening EIA. It probably indicates that the wave-like
variation in longitudinal distribution of LPB occurrence
is controlled by the small-scale variation of evening EIA.
The small-scale structures of evening EIA give rise to
small-scale variations in longitudinal distribution of
ionization anomaly gradients (rN/N) in the postsunset
region, and then affect the longitudinal distribution of PB

Figure 7. Plot of the (first row) prereversal E � B drifts, (second row) EPB occurrence rates,
(third row) LPB occurrence rates, and (fourth row) evening EIA strength index derived from
Figures 1, 5, 6, and 2 and (fifth row) EEJ strength from the empirical EEJ model.
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development through the RT instability. The small-scale
structure of the evening EIA was suggested to be linked
with the variation of daytime EEJ [England et al.,
2006a]. (3) On the basis of the similarity of longitudinal
dependence, the large-scale longitudinal variation of PB
occurrence rate and the evening EIA seem to be a
function of evening prereversal E � B drift velocity,
and the small-scale longitudinal variation of LPB occur-
rence rates is dependent on the longitudinal distribution
of evening EIA. Further study on the role of evening
prereversal E � B drifts, evening EIA and daytime EEJ
on the occurrence of PBs is helpful for understanding the
distribution of equatorial and low-latitude ionospheric
scintillation.
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