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[1] The equinoctial asymmetry of the ionospheric vertical E × B plasma drift velocity
(V?) in the equatorial F region is investigated based on observations from ROCSAT‐1
during 1999 to 2004. It is found that the observed asymmetry exhibits obvious local time
dependence with three noticeable features. First, in the Eastern Hemisphere during the
interval between 0900 and 1300 LT, V? is obviously higher at the northern spring equinox
(March–April) than at the autumn equinox (September–October). Second, there is a
pronounced asymmetry for wave number 4 longitudinal structures of V?, which exist
almost throughout the daytime and even extend into the evening sector at autumn equinox,
while they appear mainly at noon and prenoon at spring equinox. Third, around sunset we
find an obvious asymmetry of the prereversal enhancement (PRE); the maximum PRE
velocity is higher at autumn than at spring equinox in the longitude range from 320° to
150°, and the opposite situation occurs at other longitudes. On the basis of the drift
observation mentioned, we also simulate the effect of the V? asymmetry on the
ionospheric plasma density by running the Theoretical Ionospheric Model of the Earth,
Institute of Geology and Geophysics, Chinese Academy of Sciences (TIME‐IGGCAS). It is
found that the daytime V? asymmetry can partly explain the equinoctial asymmetry in
daytime low‐latitude ionospheric plasma density observed by L. Liu et al. (J. Geophys. Res.,
115, A09307).

Citation: Ren, Z., W. Wan, L. Liu, Y. Chen, and H. Le (2011), Equinoctial asymmetry of ionospheric vertical plasma drifts and
its effect on F‐region plasma density, J. Geophys. Res., 116, A02308, doi:10.1029/2010JA016081.

1. Introduction

[2] Although the seasonal variability of the ionosphere
has been investigated for several decades [e.g., Mayr and
Mahajan, 1971; Rishbeth et al., 2000; L. Liu et al., 2007,
2009; Zhao et al., 2007], it still appears on the current list of
questions that are not fully resolved [Rishbeth, 2004]. Pre-
vious works have focused mainly on the differences between
summer and winter and between solstice and equinox [e.g.,
Ma et al., 2003; Mendillo et al., 2005; Rishbeth et al., 2000;
Zhao et al., 2007], andmost research has assumed that there is
no distinction between the two equinoxes. However, some
authors have still found that there is obvious equinoctial
asymmetry in the ionospheric plasma density [e.g., Liu et al.,
2010, and references therein].
[3] The ionospheric equinoctial asymmetry, with the

electron density being higher at one equinox than at the other
[Titheridge, 1973; Titheridge and Buonsanto, 1983; Zhao
et al., 2007; Liu et al., 2010], is an important ionospheric
intra‐annual variation. Titheridge [1973] studied such asym-
metry in the midlatitude ionosphere. Essex [1977] detected

that the total electron content (TEC) at several stations in the
spring equinox (March–April) is usually higher than that in
the autumn equinox (September–October). Bailey et al.
[2000] reported an equinoctial asymmetry in the topside
electron density. Unnikrishnan et al. [2002] showed that the
TEC over Palehua (19°N, 206°E) exhibits opposite equi-
noctial asymmetries for high and low solar activities. Wan
et al. [2008] also showed obvious equinoctial asymmetry
in longitudinal wave number 4 structures; the wave is
stronger in northern autumn months than in spring. Based on
the ionospheric electron density profiles and TEC data, Liu
et al. [2010] investigated the equinoctial asymmetry of the
daytime ionosphere during low solar activity. Using long‐
term observations of incoherent scatter radar (ISRs) chains
in the eastern American sector, augmented with the French
ISR, Zhang et al. [2004, 2005, 2007] studied the local and
regional variability of the ionospheric equinoctial asymme-
try and their physical mechanisms in detail. A series of other
ionospheric parameters, such as electron and ion tempera-
tures, as well as field‐parallel and field‐perpendicular plasma
drifts, also shows obvious equinoctial asymmetry [e.g.,
Aruliah et al., 1996; Balan et al., 1998; Kawamura et al.,
2002; Zhang et al., 2004, 2005, 2007].
[4] The equinoctial asymmetry in the ionosphere may

arise mainly from the corresponding asymmetry in the
thermosphere, as suggested by Balan et al. [1998]. There-
fore, the thermospheric equinoctial asymmetry, as well as
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the asymmetry in the mesosphere‐lower thermosphere
(MLT) region, should be very important to reveal the
mechanism of ionospheric equinoctial asymmetry and has
been studied by several authors [e.g., Aruliah et al., 1996;
Balan et al., 1998, 2006]. With the hmF2‐derived thermo-
spheric winds over Wuhan (30.6°N, 114.4°E), Liu et al.
[2003] found a prominent equinoctial asymmetry, with the
winds being lesser in magnitude in spring equinox than in
autumn equinox. Using observations of middle and upper
atmosphere (MU) radar, Balan et al. [1998] and Kawamura
et al. [2002] discussed the thermospheric equinoctial
asymmetry and its influence on the ionosphere. Recently,
Balan et al. [2006] studied the equinoctial asymmetry of
diurnal mean winds, tides, and waves in both the MLT and
the thermospheric F regions using MU radar observations in
two equinoctial months and suggested that the upper
atmospheric regions could be dynamically coupled through
mean winds, tides, and waves.
[5] It should be pointed out that the previous works are

concerned mainly with high‐ and mid‐latitude thermo-
spheric and ionospheric equinoctial asymmetry. Recently,
Liu et al. [2010] investigated the behaviors of the daytime
ionosphere around equinoxes and found that the equinoctial
asymmetry in the ionospheric plasma density during low
solar activity is mainly a low‐latitude phenomenon. Thus,
we need to pay attention to the equinoctial asymmetry in
equatorial V?, because equatorial F‐region vertical plasma

drifts (V?), which are mainly driven by E‐ and F‐region
neutral wind dynamos [e.g., Heelis, 2004], play an important
role in ionospheric dynamics at equatorial and low latitudes.
Perhaps owing to the lack of enough observations, the
vertical drift velocity has often been assumed to be in
equinoctial symmetry in previous investigations, even
though V? equinoctial asymmetry can still be found in some
works [e.g., Kil et al., 2009; Ren et al., 2009a, 2010]. In the
present work we examine equinoctial asymmetry in the
equatorial F‐region V? based on vertical plasma drift
velocity observations by ROCSAT‐1. We also simulate the
effect of the V? equinoctial asymmetry on the ionospheric
plasma density by running the Theoretical Ionospheric
Model of the Earth, Institute of Geology and Geophysics,
Chinese Academy of Sciences (TIME‐IGGCAS).

2. Data and Model

2.1. Measurements and Data Processing

[6] ROCSAT‐1 was launched on 27 January 1999 into a
circular orbit at an altitude of 600 km with an inclination of
35°. Its orbital period is about 97 min, and consecutive
orbits are separated in longitude by about 24.5°. The
24‐h local times are covered at latitudes −35° to 35° every
25 days. The Ionospheric Plasma and Electrodynamics
Instrument on board ROCSAT‐1 operated at 100% duty
cycle and made measurements of ion density, temperature,
composition, and drift velocity from March 1999 to June
2004. The cross‐track plasma drift velocity is measured with
the onboard ion drift meter (IDM). The accuracy of the
cross‐track plasma drift velocity measurements from this
IDM depends on the total ion density and the proportion of
oxygen ions. The cross‐track plasma drift velocity can be
determined accurately (error <10%) when the total ion
density is higher than 103 cm−3 and the percentage of
oxygen ion exceeds 85%. Because of the near‐horizontal
magnetic field near the dip equator, the equatorial F‐region
vertical plasma drifts correspond basically to the electro-
dynamic drift driven by the zonal ionospheric electric fields.
Here, to study the equinoctial asymmetry, we use the
observations of vertical E × B plasma drifts (V?) near the
dip equator at equinox (March–April and September–
October) from 1999 to 2004.
[7] We only used measurements of V? within 5° of the

dip equator, since these measurements have a higher sta-
tistical significance. To confine our attention to quiet‐time
variations, we only use observations during periods of low
magnetic activity, marked by Kp ≤ 3. The top plot in
Figure 1 shows all V? data used in this work. We first sep-
arate V? data into two 2‐month‐long seasonal bins: spring
equinox (March–April) and autumn equinox (September–
October). Then, using a method similar to that of Ren et al.
[2009a], we remove the effect of solar flux on V? and get
local time and longitudinal variations of equinoctial V? in
two equinoxes during quiet time for mean solar flux (F10.7 =
175). As zonal electric fields’ line integrals along the dip
equator must be 0 (curl‐free condition), we calculate the
average zonal electric fields to examine our result. The
bottom plot in Figure 1 shows universal time variations of
longitudinally average zonal electric fields for spring equi-
nox (asterisks) and autumn equinox (circles). As the equa-

Figure 1. (top) V? pattern observed from ROCSAT‐1,
which is used in this work. (bottom) Universal time varia-
tions of longitudinally average equatorial zonal electric
fields for spring equinox (asterisks) and autumn equinox
(circles).
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torial geomagnetic field strength is between 0.19 and 0.30 G
at the height of the satellite, the longitudinally averaged
zonal electric field (by about 0.02 mV/m) changes the
longitudinally averaged V? by about 0.8 m/s. Since we do
not know the exact local time and solar‐flux‐dependent
accuracy of the drift measurements, we did not attempt to
correct them to satisfy the curl‐free condition.

2.2. TIME ‐ IGGCAS and Inputs

[8] Yue et al. [2008] developed a mid‐ and low‐latitude
theoretical ionospheric model, the TIME‐IGGCAS. This
model solves the coupled equations of the mass continuity,
momentum, and energy of three main ions, O+, H+, and He+,
in closed geomagnetic tubes and calculates the densities,
temperatures, and field‐aligned diffusion velocities of these
three main ions as well as electrons. The model also cal-
culates the densities of three minor ions, N2

+, O2
+, and NO+,

under the assumption of photochemical equilibrium. In the
TIME‐IGGCAS model the differences in temperature
between the different ions are ignored, and only the tem-
perature of O+ is calculated. The geomagnetic field in
TIME‐IGGCAS is an eccentric dipole field. Detailed
descriptions of the model including the numerical procedure
and the choice of several parameters such as heating rates
and collision frequency are given by Yue et al. [2008].
Those authors suggest that this model is steady and cred-
ible and can reproduce most large‐scale features of the
ionosphere.
[9] The principal input parameters for the TIME‐IGGCAS

model, such as neutral winds, neutral temperature, neutral
number densities, and vertical E × B plasma drifts, are
obtained from observations or from empirical models. In the
following simulations the neutral temperature and densities
are taken from the NRLMSIS‐00 model, and the NO con-
centration is calculated from an empirical model developed
by Titheridge [1997]. Neutral winds are determined by the
HWM‐93 model. F107 and Ap are needed to represent solar
and geomagnetic activities, respectively. In this study the
simulations were carried out on a magnetic plane (np, nl)
(np = 201, nl = 100), where np is the number of points along

a magnetic field line and nl is the number of magnetic field
lines, with a time step of 300 s.

3. Results and Discussion

3.1. Equinoctial Asymmetry in Equatorial V????
[10] Figure 2 shows the local time and longitudinal var-

iations of V? for spring equinox (left) and autumn equinox
(right). As shown in Figure 2, V? values in the two equi-
noxes show some similar features. We note that the diurnal
variations in V? in different longitudinal sectors in both
equinoxes are all similar to the diurnal variations in V?
observed at Jicamarca in Peru [see Fejer et al., 1991]. As
shown in Figure 2, V? values in both equinoxes are upward
in the dayside and downward at night. Near 1700–1900 LT
there is a sharp increase in upward V?, which is known as
the PRE. The longitudinal variations in the two equinoxes
also show some similar features. The morning drift reversal
times in the longitudinal range between 180° and 270°E are
obviously earlier than those in the other longitudinal sectors
in both equinoxes. There is a wave number 4 longitudinal
structure manifest during daytime in both equinoxes, whose
upward velocity peaks are located near 10°, 100°, 190°, and
270°E longitude at about 1000 LT. From midnight to sun-
rise (0000–0600 LT), the downward V? between 150° and
290°E is lower than the other longitudinal sectors in both
equinoxes. However, an obvious asymmetry of local time
and longitudinal variations in V? between spring equinox
and autumn equinox is also found. Here we highlight the
equinoctial asymmetry during daytime and the PRE.
[11] We note two features in the daytime equinoctial

asymmetry. First, the spring V? in the Eastern Hemisphere
between 0900 and 1300 LT is obviously higher than the V?
in autumn. To study this detail, the top plot in Figure 3
shows the averaged V? between 1000 and 1200 LT for
spring equinox (asterisks) and autumn equinox (circles). As
shown in Figure 3 the spring V? in the longitudinal range
between 40 and 140°E is nearly 10 m/s higher than the
autumn V? in the same range. In autumn the average V? in
the Eastern Hemisphere nearly equals that in the Western
Hemisphere. However, in spring the average V? in the

Figure 2. Local time and longitudinal variations of V? in two equinoxes (in unit of m/s).
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Eastern Hemisphere is obviously higher than that in the
Western Hemisphere.
[12] Second, the wave number 4 longitudinal structures of

the daytime V? in the two equinoxes are obviously asym-
metrical. The wave number 4 longitudinal structure of EEJ
and equatorial daytime ionospheric vertical plasma drifts at
equinox was recently reported [e.g., England et al., 2006;
Hartman and Heelis., 2007; Kil et al., 2007; Fejer et al.,
2008; Ren et al., 2008, 2009a, 2010]. As shown in Figure 2
this longitudinal structure is obviously stronger in the
autumn than in the spring equinox. During autumn equinox
this longitudinal structure appears in the morning and gen-
erally extends into the evening sector. However, although
this longitudinal structure also appears at 0900–1300 LT
during spring equinox, it disappears in the afternoon. To
demonstrate the detail of this daytime asymmetry, Figure 3
shows the averaged V? between 1000 and 1200 LT (top
plot) and between 1300 and 1500 LT (middle plot) for
spring equinox (asterisks) and autumn equinox (circles).

Although the upward V? at 1000–1200 LT in the Eastern
Hemisphere in autumn equinox is higher than that in autumn
equinox, the averaged V? in both equinoxes presents a wave
number 4 longitudinal structure. At 1300–1500 LT,
although the averaged V? in autumn equinox also presents a
wave number 4 longitudinal structure, the averaged V? in
spring equinox does not show a similar wave number
4 longitudinal structure and presents a three‐peak longitu-
dinal structure whose upward velocity peaks are located
near 10°, 110°, and 260°E longitude, respectively.
[13] The PRE is an important feature of the equatorial

ionospheric vertical plasma drifts. As shown in Figure 2, an
obvious equinoctial asymmetry of the PRE is also found.
Here we use the maximum velocity (peak) of the PRE as the
PRE parameter. The bottom plot in Figure 3 shows the
longitudinal variation in the peak velocity of the PRE for
spring equinox (asterisks) and autumn equinox (circles). The
upward peak velocity of the PRE in autumn equinox is
higher than that in spring equinox in the longitudinal range
150° to 320°E, and the upward peak velocity of the PRE in
autumn equinox is lower than that in spring equinox in the
longitudinal range 320° to 150°E. Note that in the longitu-
dinal range 150° to 320°E the dip equator is mainly in the
southern geographical hemisphere, and the dip equator is
mainly in the northern geographical hemisphere in the lon-
gitudinal range of 320° to 150°E.
[14] As the daytime E‐region electric conductivity is

much higher than that in the F region, the daytime iono-
spheric electric fields and E × B plasma drifts are mainly
controlled by an E‐region dynamo [e.g., Heelis, 2004],
which is driven primarily by tidal wind that propagates from
below [e.g., Forbes, 1995]. Thus, the equinoctial asymmetry
of the equatorial V? may relate to the asymmetry in the
E‐region tide. Actually, on the basis of ROCSAT‐1
observations and model simulations, Ren et al. [2009a,
2010] found that the intra‐annual variations in equatorial V?
of the wave number 4 structure are controlled by the intra‐
annual variation of the symmetric wind component of the
eastward‐propagating wave number 3 diurnal (DE3) tide
(see also Oberheide and Forbes [2008]). On the basis of
Sounding of the Atmosphere using Broadband Emission
Radiometry (SABER) and Constellation Observing System
for Metereology, Ionosphere, & Climate (COSMIC) data,
Pancheva and Mukhtarov [2010] studied the latitude
structure and seasonal variability of nonmigrating DE3 and
DE2 tides, in temperature at 110 km and in hmF2 during low
solar activity, and, also, found that the ionospheric DE3
response is stronger in autumn than in spring. Hence, the
equinoctial asymmetry in wave number 4 structure may
relate to the asymmetry in the DE3 tide. There are also many
other equinoctial asymmetries in E‐region tides, such as the
semiannual oscillation (SAO) in the tropical MLT region.
Previous research has suggested that the migrating diurnal
tidal amplitude in the tropical MLT region is largest around
the two equinoxes (SAO), and the first cycle of the SAO
(spring equinox) is stronger than the second cycle (autumn
equinox) [e.g., Dunkerton, 1982; Garcia et al., 1997;
Mukhtarov et al., 2009; Xu et al., 2009]. The stronger‐
migrating diurnal tide can drive a stronger E‐region dynamo
and a stronger equatorial V?. This can explain the stronger
daytime equatorial V? near spring equinox in the Eastern
Hemisphere. However, we note that the average V? near

Figure 3. Longitudinal variation of averaged V? at (top)
1000–1200 LT, (middle) 1300–1500 LT, and (bottom)
peaks of the prereversal enhancement (PRE) for spring equi-
nox (asterisks) and autumn equinox (circles).
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spring equinox in the Western Hemisphere is not obviously
larger than that near autumn equinox. This phenomenon
may imply that it is driven by nonmigrating tides that
can drive wave number 1 longitudinal structures, such as
westward‐propagating wave number 2 diurnal (DW2) and
stationary diurnal (D0) tides, westward‐propagating wave
number 3 and wave number 1 semidiurnal (SW3 and SW1)
tides, and stationary planetary wave number 1 (SPW1) tide
[Häusler and Lühr, 2009]. Thus, more data observations
and simulations are needed to study this question.
[15] The PRE is mainly produced by the F‐layer dynamo,

and Crain et al. [1993] have proposed that the gradient of
the eastward thermospheric neutral wind may be mainly
responsible for the PRE at about 1900 LT. Although the
longitudinal variations in geomagnetic fields can obviously
affect the longitudinal variations in the PRE [e.g. Ren et al.,
2009b], we could not explain the equinoctial asymmetry in
PRE with the longitudinal variation in geomagnetic fields.
Thus, the equinoctial asymmetry in PRE may relate to the
equinoctial asymmetry in the eastward thermospheric wind.
However, recent simulations of the effect of upward‐
propagating tidal energy in a global circulation model
showed that although several of the major diurnal tidal
modes have practically no effect on the PRE for conditions
of high solar activity, the PRE is clearly dependent on the
magnitude and phase of the semidiurnal tide during periods
of low solar activity [Millward et al., 2001]. On the basis of
the MU radar observations in two equinoctial months, Balan
et al. [2006] studied the equinoctial asymmetry of mean
winds, tides, and waves in both the MLT and the F regions
and suggested that the MLT and high‐thermosphere regions
could be dynamically coupled together through mean winds,
tides, and waves. Hence, the equinoctial asymmetry in
E‐region tides may also be able to cause asymmetry in
thermospheric wind and drive the equinoctial asymmetry
in the PRE. Thus, both the MLT tides and the thermospheric
F‐region wind may play important roles in the generation of
the equinox asymmetry in the PRE. We need more work and
simulations to study the equinox asymmetry in the PRE.

3.2. Influence of Equinoctial Asymmetry in V?
on the Ionosphere

[16] In this section we study the influence of equinoctial
asymmetry in V???? on the asymmetry of ionospheric plasma
density. Based on the equinoctial V? observation mentioned
in the above sections, we will simulate their effect on iono-
spheric equinoctial asymmetry. Balan et al. [1998] suggested
that the equinoctial asymmetries of the thermospheric wind,
temperature and component all can cause the asymmetries in
the ionospheric plasma density. Thus, to remove the effect
of the asymmetries in thermospheric wind, temperature and
component, these two simulations are both performed for
spring equinox, but the input V? are respective for spring
equinox (case A) and for autumn equinox (case B). The
other empirical models, such as MSIS00 and HWN93, are
all carried out with Ap = 4 and F10.7 = 175.
[17] Figure 4 shows the geomagnetic longitudinal and

latitudinal variations in the F‐region peak electron number
density (NmF2) at 1400 LT for two simulations. To better
compare the simulation results with the observations [see
Liu et al., 2010], we shifted the geomagnetic longitude by
71° to the east. This applied shift approximately colocates the

0° longitude in Figure 4 with the geographic 0° meridian.
Figure 4a shows the result for case A, and Figure 4b show
the result for case B. Although the two results show similar
longitudinal and latitudinal variations, there are also some
differences in detail. For example, in the East Asia section,
the equinoctial asymmetry in case A is obviously stronger
than that in case B. To study the details of the differences, we
show the difference between case B and case A in Figure 4c.
There are also two features in Figure 4c. First, the equi-
noctial asymmetry in the East Asia section in case A is
stronger than that in case B. Second, although the wave near
East Asia is weak, there is a wave number 4 longitudinal
structure near the equator in the difference. These two fea-
tures can be explained by the two features of the equinoctial
asymmetry in the daytime V?.
[18] With the data on ionospheric electron density profiles

from Constellation Observing System for Meteorology,
Ionosphere, and Climate (COSMIC) mission radio occul-
tation measurements, total electron density (TEC) from
TOPEX and Jason‐1, and TEC from GPS receivers as well
as global ionosonde measurements of the F2‐layer peak
electron density (NmF2), Liu et al. [2010] investigated the
equinoctial asymmetry in daytime ionospheric plasma den-
sity. Figure 4a of Liu et al. [2010] shows a map of the
differences in COSMIC NmF2 at about 1400 LT between
the September and the March equinoxes. Comparing our
Figure 4c with Figure 4a of Liu et al. [2010], we find that
the equinoctial asymmetry in simulations and in observa-
tions shows similar amplitude (about −4 × 10−11 to 2 ×
10−11 m−3). Although it is not very clear, there is also a
wave number 4 longitudinal structure in the observations of
Liu et al. [2010]. The equinoctial asymmetry near East Asia
is strong in both simulations and observations. However,
there are also some differences between the simulations and
the observations. For example, the asymmetry near North
America is stronger in observations, but the asymmetry in
simulations is not stronger in this region. In the simulations,
the plasma density near the equator in autumn equinox is
obviously higher than that in spring equinox. However, the
observed plasma density near the equator in autumn equinox
is mainly lower than that in spring equinox.
[19] As shown here the observed equinoctial asymmetry

in low‐latitude plasma density can be partly explained by
the asymmetry in daytime V?. The difference between
simulations and the observations may relate to the equi-
noctial asymmetry in the thermospheric parameters, such as
thermospheric winds, mass density, and components. For
example, the work by H. Liu et al. [2007] showed that there
is an equinoctial asymmetry in thermospheric neutral mass
density, and this asymmetry can affect the asymmetry in
the ionosphere. The difference between simulations and
observations may also relate to the asymmetry in MLT tides.
Except for the dynamo mechanism, tide can also drive the
acceleration, heating, and compositional mixing in the
MLT region and affect the whole coupled ionosphere/
thermosphere system. For example, with the interactive
thermosphere‐ionosphere general circulation model TIGCM
model, Forbes et al. [1993] simulated the influence of tide
on the ionosphere and thermosphere and found that the
upward‐propagating diurnal and semidiurnal tides obviously
affect the zonal mean states of the thermosphere and iono-
sphere above 100 km. Hence, we need more data observa-
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tions and simulations to understand the physical mechanism
of the ionospheric equinoctial asymmetry.

4. Summary and Conclusion

[20] In the present work, vertical plasma drift velocity
observations by ROCSAT‐1 from 1999 to 2004 have
been used to study the equinoctial asymmetry of equatorial
F‐region vertical E × B plasma drifts (V?). It is found that
the equinoctial asymmetry depends on the local time. The
asymmetry in daytime V? shows two features. First, in the
Eastern Hemisphere during the interval between 0900 and
1300 LT, V? is obviously larger at the northern spring equi-
nox (March–April) than at the autumn equinox (September–
October). Second, there is a pronounced asymmetry for
wave number 4 longitudinal structures of V?, which exist
during almost all the daytime and even extend to the evening
sector at autumn equinox, while they mainly appear at noon
and prenoon at spring equinox. The asymmetry in daytime
V? may relate to the equinoctial asymmetry in E‐region tide.

An obvious equinoctial asymmetry of the PRE is also found.
The maximum PRE velocity is higher at autumn than at
spring equinox in the longitude range from 320° to 150°E,
and the opposite case occurs at other longitudes.
[21] On the basis of the drift observation mentioned, we

have also simulated the effect of the V? asymmetry on the
ionospheric plasma density by running the TIME‐IGGCAS
model. It is found that the daytime V? asymmetry can partly
explain the equinoctial asymmetry in daytime low‐latitude
ionospheric plasma density observed by Liu et al. [2010].
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Project (kzcx2‐yw‐123) of the Chinese Academy of Sciences (CAS),
Nat ional Impor tant Bas ic Research Projec t (2006CB806306,
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40725014, 40636032, 40974090), Knowledge Innovation Program of the
CAS, and China Postdoctoral Science Foundation. We are grateful to the
ROCSAT team for access to the data at the Web site http://csrsddc.csrsr.
ncu.edu.tw.
[23] Robert Lysak thanks Jan Lastovicka and another reviewer for their

assistance in evaluating this paper.

Figure 4. NmF2 at 1400 LT from the simulation (top) with spring V? and (middle) with autumn and
(bottom) the difference between two NmF2 simulations versus geomagnetic latitude and longitude (shifted
by 71° to the east).
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