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Abstract. The formation of a longitudinally periodic plasma 2007; Scherliess et al., 2008). The observations of similar
density structure in the low-latitude F region by the effect periodic structures in the daytime equatorial electrojet (Eng-
of vertical Ex B drift was investigated by analyzing the land et al., 2006a; Ma&l et al., 2006) and equatorial verti-
ROCSAT-1 satellite data and conducting SAMI2 model sim- cal ion velocity on the topside (Hartman and Heelis, 2007;
ulations. The daytime equatorial ionosphere observed duringil et al., 2007) supported the association of the longitudinal
the equinox in 1999-2002 from ROCSAT-1 showed the for- density structure with the daytime vertical drift of equatorial
mation of wave number-4 structures in the plasma densityplasma. The diurnal non-migrating eastward-propagating
and vertical plasma drift. The coincidence of the longitudestide with zonal wave number-3 (DE3 tide) was suggested as
of the peak density with the longitudes of the peak upwardthe driver of the longitudinal variation of the verticBlx B

drift velocity during the daytime supported the associationdrift (England et al., 2006a, b; Immel et al., 2006) and Ha-
of the longitudinal density structure with the vertidé B gan et al. (2007) and showed the capability to produce the
drift. The reproduction capability of the observed wave-4 observed wave-4 density structure by the effect of the DE3
structure by the effect of verticdl x B drift was tested by tide.

conducting SAMI2 model simulations during the equinox  The observational, modeling, and theoretical studies in
under solar maximum condition. When the ROCSAT-1 ver-recent years have significantly advanced our understanding
tical drift data were used, the SAMI2 model could reproduceof the characteristics of the wave-like longitudinal density
the observed wave-4 density structure in the low-latitude Fstrycture and its driving mechanism. These studies pointed
region. On the other hand, the SAMI2 model could not re- g the zonal electric field or the verticBlx B drift of equato-
produce the observed wave-4 structure using the Scherliesga| plasma as the source for this pnenomenon. The formation
and Fejer verticalE x B drift model. The observation and  of the equatorial ionization trough and equatorial ionization
model simulation results demonstrated that the formation Ofanomaly (EIA) by the effect of the vertical x B drift is well

the longitudinally periodic plasma density structure can begnown (e.g. Kelley, 1989). However, the formation of the pe-
explained by the longitudinal variation of the daytime verti- riodic longitudinal density structure by the effect of the verti-

cal E x B drift. cal E x B drift has not yet been verified, primarily due to the
Keywords. lonosphere (Electric fields and currents; Equa- absence of a realistic model or observation that could repre-
torial ionosphere; Modeling and forecasting) sent the longitudinal variation of the vertical drift of equato-

rial plasma. The first Republic of China satellite (ROCSAT-
1) provided temporally and spatially high-resolution verti-
cal plasma drift data in the equatorial region and enabled
us to test the capability to reproduce the observed longitu-
dinal wave structure by the effect of the vertidak B drift.
To identify the role of the verticaE x B drift for the forma-
tion of the longitudinal density structure, we conducted the
AMI2 (Sami2 is Another Model of the lonosphere (Huba
et al.,, 2000)) model simulations using two differdfitx B
Correspondence td5.-J. Oh drift inputs. One input vertical drift to the SAMI2 model
(oh@spweather.com) was provided by the empiricdt x B drift model developed

1 Introduction

The formation of a longitudinally periodic plasma density
structure in the low-latitude F region is now well known from
extensive studies in recent years (Sagawa et al., 2005; Imm
et al., 2006; Kil et al., 2007; Lin et al., 2007;ubr et al.,
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Fig. 1. The daytime longitudinal plasma density structure observed3 SF vertical E x B drift model

from ROCSAT-1. The mean density at eact® ¥@° longitude-

latitude bin was calculated using the ROCSAT-1 data at 12:00Before we present the model simulation results, we briefly
14:00LT during equinox (March, April, September, and October) jniroduce the SFE x B drift model. The SFE x B drift

in 1999-2002. model was developed using the Atmospheric Explorer-E
(AE-E) satellite data from January 1977 to December 1979.
e‘l,’he accuracy of the model drift in the Peruvian sector was
improved by combining the AE-E data with the observa-

tions from the Jicamarca incoherent scattering radar during
1968-1992. The amplitudes of the model drift velocity were

model was provided by ROCSAT-1. We madified the SAMI2 constrained using the curl-free nature of the zonal compo-
model source program, so that the SF drift model is replacetﬂ1ent of the electric field at the geomagnetic equator. The

by the ROCSAT-1E x B drift. The ROCSAT-1 data sets for satellite and radar data sets were grouped into three seasons:

this study were produced using data during equinox in 199g-June solstice (May—August), December solstice (November—-

2002. The SAMI2 model simulations were conducted on 26February), and. equinox.(l_vlarch—ApriI, September—olcto.ber).
March 2002. The solar activity was divided by two levels of F10.7 indices

of 90 and 180. The longitude sectors were grouped based on
the magnetic declination and the displacement of the mag-
netic equator from the geographic equator. The métieB
drift values can be obtained by cubic-B spline fitting of the
AE-E and radar data with an input of local time, geographic
longitude, day of the year, and F10.7 index.

Figure 2 shows the local time variations of the SF model
ng drift patterns at 45E (dotted line), 95E (solid line),
and 155 E (dashed line) on 26 March 2002. The ROCSAT-
1 data in Fig. 1 showed the occurrence of a density peak at

by Scherliess and Fejer (1999). The Scherliess and Fej
(SF) E x B drift model has represented the vertical drift of
the equatorial plasma and is the defaBilk B drift in the
SAMI2 model. The other inpuE x B drift to the SAMI2

2 Longitudinal plasma density structure observed from
ROCSAT-1

ROCSAT-1 had a low-inclination (3% circular orbit at a

mean altitude of 600 km. Its orbital period was 96 min. The
total ion density was measured by the ion trap sensor and th
cross-track ion drift velocity was measured by the ion drift
meter (Su et al., 1999). It took about 25 days for a full cov-

erage of the local time at a fixed longitude in low latitudes. 95: 5 _?tndhdenstl:]y r:nn_lm? at 4Edagqft155t$1. Tdhe V.irt" d
The accuracy of the velocity measurements from the ion drifc@! dntt shows the typical upward drift on the dayside an

meter depends on the total ion density and the proportion ijownward drift at night, as was observed at Jicamarca (Fe-

oxygen ions. The cross-track ion velocity can be determined®" ©t al., 1999). The steep increase of the upward velocity

accurately (erro£10%) when the ion density is greater than around 18:00LT IS called the evening pre-reversal enhanc.e—
10® cm3 and the percentage of the oxygen ion is greaterment' The SF drift model does not show any notable longi-

than 85%. This condition is satisfied in most cases at an alti-tUdInaI difference in the daytime vertical drift velocity at the

tude of 600 km. three locations. We can identify slightly larger upward veloc-

The temporal evolution of the wave-like longitudinal den- ity at 155 E than at the other two longitudes before noon. As

sity structure in the ROCSAT-1 data showed the occurrence. < will show in the following section, the SF modElx B

) . drifts are largely different from the ROCSAT-1 observations.
of the most pronounced wave structure just after noon (Kil et
al., 2008). In Fig. 1, we present the mean plasma distribution
at12:00-14:00LT obtained from ROCSAT-1. The meanden-4 SAMI2 model simulations
sity was calculated using the ROCSAT-1 data during equinox
(March, April, September, and October) in 1999-2002 underThe SAMI2 (Huba et al., 2000) is an open source model and
the conditionk ,<3". The density map shows the occur- has been widely used to simulate plasma dynamics and the
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Fig. 2. The empirical SF modeE x B drifts at 45 E (solid line), 2
95° E (dotted line), and 155E (dashed line) on 26 March 2002. 8
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titude range from 85km to 20000km. The neutral atmo-
sphere is specified using the empirical Mass SpectrometeFig. 3. SAMI2 model plasma density profiles at an altitude of
Incoherent Scatter (MSIS) model (Hedin, 1991) and the Hor-600 km at 12:00-14:00 LT on 26 March 2002. The top panel shows
izontal Wind Model (HWM) (Hedin et al., 1991). The input the density profiles obtained in the presence of the HWM wind. The
vertical E x B drift is specified using the empirical Scher- bottom panel shows the density profiles obtained after the removal
liess and Fejer (1999E x B drift model or it can be re- ©fthe HWM wind.
placed by a simple sinusoidal curve. The model simulations
were conducted on 26 March 2002 (AP index=11, F10.7 in-
dex=166 K ,=37) at 45 E, 95 E, and 158 E. We chose this equinox. The recovery of the hemispheric symmetry by the
day because the ROCSAT-1 observations in this study wergéemoval of the HWM wind in the bottom panel demonstrates
made in equinox during a solar maximum period. The mearthat the interhemispheric wind was responsible for the for-
F10.7 index during equinox in 1999—2002 was 174. In ourmation of hemispheric asymmetry. The two panels show the
preliminary model simulations, the SAMI2 model produced formation of an ionization trough at the magnetic equator
higher plasma density than the ROCSAT-1 observations agnd EIA crests neat-12° magnetic latitudes. In both cases,
the given conditions. To match the model plasma densitythe longitudinal difference in the plasma density is not pro-
to the ROCSAT-1 density at the EIA, we adjusted the multi- nounced at the three longitude regions. The development of
plicative factor to oxygen ion to 0.75 (J. Huba, private com- @ slightly stronger EIA at 155 is attributed to the larger
munication, 2007). upward velocity before noon at this longitude (see Fig. 2).
The SAMI2 model simulations were conducted at the three For the comparison of the SE x B drift model with the
longitude regions using the SF modElx B drifts shown  ROCSAT-1 observations, we produced the vertical drift pat-
in Fig. 2. The top panel in Fig. 3 shows the mean lati- terns at 45E, 95 E, and 158 E using the ROCSAT-1 data
tudinal density profiles at 12:00-14:00 LT at an altitude of during equinox in 1999-2002 under the conditikip <3
600 km obtained in the presence of HWM wind. The bot- The mean verticaE x B drift velocity at the magnetic equa-
tom panel shows the density profiles obtained after the retor was calculated using data withifs® magnetic latitudes
moval of the HWM wind. The top panel shows the pres- at each 10 longitude bin. Figure 4 shows the ROCSAT-1
ence of hemispheric asymmetry in the presence of the HWMvertical E x B drifts at the three longitude sectors. The ver-
wind, although the simulation was conducted near the springical bars on the plot at 9 are the standard deviations.
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The formation of the longitudinally periodic plasma density 30 20 -10 0O 10 20 30
structure is associated with the daytime upwérd B drift Magnetic Latitude (°)

(Kil et al., 2008) and our main interest is the longitudinal dif-
ference of the vertical drift during daytime. The upward ve- fig. 5. The SAMI2 model plasma density profiles at an altitude of
locity at 95 E before noon is more pronounced than those ats00 km at 12:00-14:00 LT on 26 March 2002 calculated using the
45° E and 158 E. Compared with the SE x B drift model, ROCSAT-1 drift data shown in Fig. 4 (top). The bottom panel shows
the ROCSAT-1 upward velocity is about 10-20 i greater  the ROCSAT-1 density profiles at the three locations obtained from
than the SF model during 09:00-12:00 LT. Fig. 1.

We conducted the SAMI2 model simulations after re-
placing the SFE x B drift model with the ROCSAT-1 drift
patterns shown in Fig. 4. We are interested in the effeCtROCSAT-1 drift pattern at each 1@ongitude bin was cal-
of the vertical Ex B drift and the model simulations were culated using the data withit5° magnetic latitudes during
conducted after the removal of the HWM wind. The top equinox in 1999-2002. Figure 6 presents the ROCSAT-1
panel in Fig. 5 shows the mean model density profiles atdensity map (top), the SAMI2 model ionosphere obtained
12:00-14:00LT at an altitude of 600 km. The density pro- using the ROCSAT-1 drift data (middle), and the SAMI2
file at 95 E shows the development of a more pronouncedmodel ionosphere obtained using the Bk B drift model
EIA and a deeper equatorial ionization trough compared to(bottom). The model simulations were conducted under the
those at the other two longitudes. For the comparison ofconditions on 26 March 2002 after the removal of the HWM
the model ionosphere with the ROCSAT-1 observation, thewind. The model ionosphere shows the mean density at
bottom panel shows the ROCSAT-1 density profiles at the12:00-14:00 LT at an altitude of 600 km. The mean vertical
three longitudes. The longitudinal difference of the model drift velocities at 12:00-14:00 LT obtained from ROCSAT-1
ionosphere is consistent with the ROCSAT-1 observation.and SFE x B drift model are also shown in the middle and
The model ionosphere shows the development of a strongasottom panels, respectively. The formation of the wave-4
EIA and a deeper equatorial ionization trough compared withstructure is clearly seen in the middle panel. The longitudes
those in the ROCSAT-1 observation. of the crests and troughs of the wave-4 structure in the model

To test the capability to reproduce the observed wave-4onosphere in the middle panel coincide with the longitudes
density structure by the effect of the verticBIx B drift, of the crests and troughs in the ROCSAT-1 density and ver-
we conducted the SAMI2 model simulations at the 36 lon-tical drift data. The longitudinal variation of the SF model
gitude sectors using the ROCSAT-1 drift data. The vertical E x B drift is small and the model ionosphere produced using
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Fig. 6. Comparison of the longitudinal density structures at 12:00-14:00 LT during equinox obtained from ROCSAT-1 (top) with SAMI2
model ionosphere (middle and bottom). The top panel is the same as Fig. 1. The middle panel shows the SAMI2 model density map
obtained using the ROCSAT-1 drift data. The blue curve shows the mean vertical ion velocity at 12:00-14:00 LT observed from ROCSAT-1.
The vertical bars show the standard deviations. The bottom panel shows the SAMI2 model density map obtained usiExtBed8f

model. The blue curve shows the mean vertical ion velocity at 12:00-14:00 LT obtained from Hwe BErift model. The SAMI2 model
simulations were conducted on 26 March 2002.

the SF drift model does not show the formation of the wave-4the model ionosphere and the ROCSAT-1 observation. The
density structure. model ionosphere produced a deeper ionization trough at the
The SAMI2 model simulations verified that the longi- magnetic equator and a wider separation of the northern and
tudinal variation of the vertical plasma drift observed by southern EIAs compared to the ROCSAT-1 observation. The
ROCSAT-1 is significant enough to produce the observedmnodel ionosphere produced using the Bk B drift model
wave-4 density structure. While the peak longitudes of thealso showed the development of the deeper ionization trough
model density structure coincided with the peak longitudesat the magnetic equator. The amplitude of a density crest
of the observed density structure, there existed some notableear 270 E was much weaker than that near 180on the
differences in the amplitudes of the density peaks betweefROCSAT-1 data. On the other hand, the amplitude of the EIA

www.ann-geophys.net/26/2061/2008/ Ann. Geophys., 26, 208322008
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near 270 E was comparable to that near X@in the model falls to 5~6. Further division of the data with solar flux and
ionosphere produced using the ROCSAT-1 drift data. Thosemagnetic activity will reduce the number of the data points to
discrepancies may arise from the possible errors in the inpubnly a few. The reason that we produced the mean drift pat-
E x B drift and the uncertainties in the SAMI2 model. The terns in equinox using the ROCSAT-1 data of a few years was
zonal wind and neutral composition are important factors forto acquire a sufficient number of data points for each local
the formation of the ionospheric morphology. The ampli- time and longitude bin. The number of data points can be im-
tudes of the wave-4 density structure produced by the effecproved by increasing the bin size. For example, we can group
of the verticalE x B drift can be modified by the longitudinal a few months into one bin if the variation of thiex B drift
variation of those factors. The formation of deeper equatorialis small during those months. The bin size of the local time
ionization trough in the model ionosphere may indicate thatand longitude can also be adjusted depending on the variabil-
the equatorial plasma diffusion along the magnetic field linesity of the vertical velocity with those parameters. The major
occurs faster than the reality in the SAMI2 model. At this reason that we do not have a sufficient number of data points
point, we cannot determine to what extent the discrepanciess because we confined the use of data to near the magnetic
between the model ionosphere and observation were inducegquator. If the latitudinal variations of the vertical drift data
by the errors in the inpuE x B drift or by the uncertaintiesin  can be properly modeled, we can develop a temporally and
the SAMI2 model. Further model simulations using differ- spatially higher resolution verticdl x B drift model using
ent models are necessary to clarify the ionospheric responstie ROCSAT-1 data. The solar flux is known to be an impor-
to the verticalE x B drift. tant parameter in determining the magnitude of the vertical
plasma drift (Fejer et al., 1999). If the solar flux dependence
of the vertical drift is significant only near the terminator, for
5 Development of a new verticalE x B drift model in example, we may use the solar flux criterion only during the
the future limited local time period. The solar flux is dependent on the
solar cycle but it is not yet clear which factor is more im-
The SFE x B drift model has been widely used as a repre- portant for the variations of the vertical plasma drift. The
sentative model of the vertical plasma drift in the equatorialsolar cycle may be a more useful parameter than the solar
ionosphere. The longitudinal mean vertical drift pattern is flux if the response of the E-region dynamo electric field to
similar to the observation at Jicamarca but the longitudinalthe change of the solar flux occurs slowly. The dependence
structure of the SIE x B drift model is significantly different  of the vertical plasma drifts on the solar flux and solar cycle
from the observed longitudinal structures of the equatorialis itself an interesting research subject. We can identify the
electrojet and vertical drift on the topside. There are somesolar cycle dependence only during the half solar cycle (5.5
reasons why the SE x B drift model is not able to represent years) near the solar maximum period using the ROCSAT-1
the longitudinal structure of the vertic#l x B drift. First, data. It will be possible to investigate the dependence of the
the AE-E data did not provide sufficient temporal and spatialvertical drift on the 27-day solar rotation period if we can
coverage for the development of longitudinally high resolu- extend the use of ROCSAT-1 data to higher latitudes. The
tion E x B drift model. Second, the grouping of the longitude dependence of the vertical drift on the 27-day solar rotation
sectors following the magnetic field configuration was not anmay indicate that the response of the dynamo electric field
effective method. The longitudindl x B drift structure in-  to solar flux is prompt. In the future, we will investigate the
ferred from the observations of equatorial electrojet (Englandvariability of the ROCSAT-1 vertical drift data for various
et al., 2006a) and in situ ion velocity measurements (Kil etfactors and develop a new verticglx B drift model.
al., 2007) did not show any notable dependence on the geo-
magnetic field configuration. Third, the combination of the
AE-E data with Jicamarca radar data in the Peruvian sectoe Conclusions
might rather increase errors in that sector since EheB
drift is largely variable in the Peruvian sector. The obser-The role of the vertical plasma drift for the formation of
vations of the equatorial electrojet alix B drift velocity  the longitudinally periodic plasma density structure in the
showed the occurrence of their crests nearrZ@nd trough  low-latitude F region was investigated by conducting SAMI2
near 300 E. Weighting of the AE-E data with the Jicamarca model simulations. The SAMI2 model simulations were con-
data may smooth out the actual variation of g B drift in ducted during equinox in 2002 using two different vertical
the Peruvian sector. E x B drift models. The model ionosphere produced using
Currently, ROCSAT-1 provides a unique database for thethe ROCSAT-1E x B drift data showed the development of
development of a new vertic#l x B drift model in the equa- wave-4 density structure that is similar to the density struc-
torial region. The number of total equator crossings (ascendture observed by ROCSAT-1. On the other hand, the model
ing and descending) of ROCSAT-1 during 5.5 years is abouionosphere produced using the &k B drift model could
58000. If we bin the drift data with 2412x 36 local time,  not reproduce the observed longitudinal density structure.
month, and longitude grids, the number of data in each binThe low-latitude ionosphere cannot be properly modeled
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without using realistic verticak x B drift. Our model simu-  Huba, J. D., Joyce, G., and Fedder, J. A.: Sami2 is another model of
lation results demonstrated the capability to model the low- the ionosphere (SAMI2): A new low-latitude ionosphere model,
latitude ionosphere using the ROCSAT-1 drift data. In the J- Geophys. Res., 105, 23 035-23 053, 2000.
near future, we will further refine the ROCSAT-1 drift data 'mmel, T. J., Sagawa, E., England, S. L., Henderson, S. B.,
and develop a new verticdl x B drift model that may re- Hagapn, ItVI EI: gﬂe”ge’ts'l Bf" Fre);, H.I u., Swt?n;on, C. rIIVII
o - and Paxton, L. J.: Control of equatorial ionospheric morphol-
place the current empiricd x B drift model. ogy by atmospheric tides, Geophys. Res. Lett., 33, L15108,
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