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Abstract. lonospheric total electron content (TEC) of the 1 Introduction

equatorial ionization anomaly (EIA) is studied by analyzing

dual-frequency signals of the Global Position System (GPS)The equatorial ionization anomaly (EIA), also termed equa-
acquired from a network of receivers around the Asian-torialionospheric anomaly by some scientists, is a most com-
Australian region during 1996-2004. The latitude, occur-mon feature at low and equatorial latitudes in the ionosphere.
rence time, strength of the most developed EIA crest, andt is characterized by a trough at the magnetic equator and
crest-to-trough ratio (CTR) for both the noon and post-sunsetwo humps at about TZeither side of the magnetic equator.
sector obtained from a daily TEC contour map have beerlts daytime development occurs under the action of the E-
used to study the solar cycle variations of EIA in the Asian- layer tide-induced dynamo electric field driving the F-region
Australian region. The results reveal that semiannual andPlasma vertically up and then diffusing away from the mag-
seasonal variations were the dominant factor that controls th@etic equator under the pressure gradient force and gravity
morphology of the EIA structure which can be identified in (Stening, 1992). The persistence of the EIA well into the
the past studies (e.g. Wu et al., 2008). It is also found thaiight, depending on the season and solar activity, is known
the latitude and local time position of the anomaly crest showt0 be produced by the evening enhancement in the eastward
a hemispheric asymmetry because (a) The northern crest d¢flectric field generated by the F-region dynamo action result-
EIA is expanded during the equinox indicating a weak semi-ing from the eastward component of the thermospheric wind
annual variation while the southern crest is inhibited duringblowing in the region of the decreasing day-to-night E-layer
June—August presenting a strong seasonal variation, and ([fjederson conductivity distribution (Heelis, 2004). The inves-
The local time of the northern crest appear.3h earlier ~ tigation of the EIA is important for its practical objectives.
than that of the southern crest in June while showing no dif-The development and decay of EIA produces a large latitudi-
ference at December. Solar activity dependence is more ewal disturbance of F-region plasma in the lower latitude belt
ident in the EIA crest region than in the EIA trough region in the post-sunset hours and the occurrence of various low
and least in the post-sunset sector at equinox. A seasonal lifatitude phenomenon observed in the ionospheric electron
ear relationship is derived between the post-sunset CTR angontent (Dabas et al., 2006). The EIA is responsible for the

solar flux, which should be caused by the so|ar-dependan@|0ba| maximum values of the ionospheric total electron con-
equatorialE x B vertical drift. tent (TEC) over tropical latitude that influences the UHF ra-

) ] _ dio propagation range determinations based on GPS satellite
Keywords. Geomagnetism and paleomagnetism (Spatialsignals. Besides, it contributes to the enhanced ionospheric
variations (all harmonics and anomalies)) — lonospheregcinillations effects produced by spread F/plasma bubbles
(Equatorial ionosphere) — Magnetospheric physics (ElectriGrreqgylarities on trans-ionospheric radio wave propagations
fields) (e.g. Whalen, 2003; Basu et al., 2004; Abdu, 2005).
In the Southeast Asian region, the study of TEC EIA
structure can be traced back to the work of Golton and
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2000\03\11 1130-1200UT oped around midday in winter, postnoon in equinoxes and
60 ™ 7 2005 late afternoon in summer, and the two crests move signifi-
g cantly equatorward in winter but slightly poleward in sum-
2004 mer and autumn.
Since the longitudinal and latitudinal extent of the iono-
2003 spheric anomaly is large, the temporal and spatial behavior
of the anomaly cannot be simultaneously monitored with a
single station. With an unprecedented spatial resolution, Wu
et al. (2004, 2008) studied ionospheric TEC in the northern
hemispheric equatorial anomaly region during 1994-2003 by
analyzing dual-frequency signals from the global position
system (GPS) acquired from a meridional chain of 9 observa-
2000 tional sites clustered around Taiwan (21-26.2 N, 118°4—
121°6 E). For the first time, they found that the monthly val-
1999 ues ofl, (magnitude of TEC at the northern anomaly crest)
correlate well with theD;; geomagnetic activity index dur-
1998 ing low solar activity. They also revealed a weak semiannual
variation in the northern EIA crest latitude — the winter and
1997 summer crests occurred at lower latitudes than the spring and
Ground station autumn ones.
‘ 1996 Recently, Liu et al. (2007) investigated the solar activity
80 100 120 140 0 50 100 dependence of the electron density at 400 km altitude in the
Geo.Longitude(’) station number whole equatorial anomaly regions through CHAMP observa-
tion. They found that the electron density in the crest regions
Fig. 1. Distribution of GPS receivers around Asian-Australian re- of the EIA grows roughly linearly from solar minimum to
%‘gg Tthﬁ_tdc’tz rr_aprelsler;tothlez Z‘ébL'J'_f_mosﬂ‘?\;'c pr?'zn(;otga‘f}‘hc’f thesolar maximum, with a higher growth rate than that in the
satellites auring oU-12: on arc . e are .
centered at 115from 50.125 N-30.125 S was separated into 33 EIA trough region. 'I_'hey_als_o revee_lled that the_g_rowth rate
boxes with 40 width. By using least square fit and nearest neigh- of the elect.ron density with mpreasmg solar activity around
bor interpolation method, slant TEC observations are converted téequ”?oxes is about 1'5 to 2 times greater than that near the
vertical TEC data of the corresponding box. solstices. They have introduced the crest-to-trough (CTR)
parameter defined as (NgestrNescresd/(2 N&rough) Similar
to that given by Mendillo et al. (2000), and found the solar
activity dependence of CTR varies significantly with local
(22.2 N, 114.2 E) and Singapore (134, 103.8 E). Since  time. A theoretical study of electron density distribution in
then, succedent work has been performed to investigate ElAhe nighttime equatorial ionosphere, shows that linear rela-
evolution feature associated with local time, season undetionships with statistically significant correlation coefficients
different solar activity phase including comparison with the exist between the maximum value of the post-sunset plasma
results of the other longitude (e.g. Walker and Ma, 1972;drift velocity and the peak-to-valley ratio of anomaly TEC
Walker and Poon, 1977; Walker et al., 1991, 1994). In the(Basu et al., 2004). The study is based on the low-latitude
90s of last century, Huang and Cheng (1996) studied soladensity model of Air Force Research Laboratory (AFRL) and
cycle variations of the northern EIA in TEC during the period the obtained relationships are valid for the longitudinal sec-
1985-1994 with radio signals transmitted from the US Navytor of Jicamarca incoherent scatter radar whose drift velocity
Navigation Satellite System (NNSS) satellites and receivedneasurements are used. The significance of their finding lies
by a single ground station at Lunping (25N, 121.2 E). in the fact that the maximum value of the post-sunset verti-
They derived a linear relationship between the strength ofcal plasma drift velocity is an important parameter for deter-
the EIA crest and sunspot humber. However, they found namining both the intensity and the latitudinal distribution of
significant solar cycle effect in the occurrence time and lat-equatorial scintillation. When the parameter is not available
itude of the most developed EIA northern crest. They alsofrom any direct measurement, the linear relationships may
found that the winter crest appears larger and earlier than thbe used to estimate it from the measured peak-to-valley ratio
summer crest, and the summer crest appears lower in latief anomaly TEC. This has also been pointed out by Whalen
tude than during other seasons. Tsai et al. (2001) used tw{2004), who found that the post-sunset equatorial ionization
stations (YMSM: 25.2N, 121.6 E, DGAR: 7.3 S, 72.4 E) anomaly, with maximum F-layer electron density,;Ng oc-
of the year 1997 to investigate the seasonal variations of theurring near 21:00 LT, to be a linear function of the maximum
ionospheric TEC at both the northern and southern EIA crespre-reversaE x B drift velocity during solar maximum.
region. Their results show that both crests are fully devel-
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Fig. 2. Schematic TEC contour map in the UT/latitude frame (left panel) on 24 January 2001. The pentagons denote the position of daily
peak value of EIA for northern crest and southern one, respectively. The vertical dashed lines indicate the local time 13:00 LT and 21:00 LT
(LT=UT+8). The corresponding TEC profiles are given in the right panels.

From 1996 to the present, with a constellation of more TEG, = f22 2_f12
than 24 satellites and an ever-growing network of ground re- fl2 — f22 K
ceivers, the GPS system has become the major source of the

TEC data. This paper takes the advantage of GPS network f2 2 2
around the Asian-Australian region to study the EIA clima- STEC, = [( 5 2 2) 71
tology from 1996-2004. Different from the previous studies, fL=1

we focus not only on the northern crest but also the south—Where 7 and f, are GPS signal frequencies and

ern crest and discuss the north-south asymmetry in the EIA e equal to 1.57542GHz and 1.2276 GHz, respectively,

X . r
crest features. We also Stu.d'ed the C.TR in the noon anq pO.SE'(:SO.BZ nts 2 is a constant that relates plasma frequency
sunset sector because of its dynamic nature and apphcatlop .

.10 electron densityyp1 and ), are the wavelengths corre-

purpose. This paper aims to present the inherent characteris- - . .
tics of EIA in the Asian-Australian sector by investigating the sponding tof; and f,. The STEC from differential phase

.. (STEGCp) are less affected by multi-path effects (Klobuchar,
ga}src?lr;wreés(r:sl:efor both northern and southern EIA crest W'thm1996; Jakowski et al., 1996), and thus it provides smoother

and high precision measurements of STEC. However, be-

cause of the 2 ambiguity in phase measurements, the abso-

2 Measurements and data selection lute value of STEC cannot be determined. Hence, we resort
to the STEC from differential pseudoranges (STE®e-

TEC can be derived from transionospheric GPS signalscause it can provide absolute values of TEC notwithstanding

recorded at ground-based GPS receivers (Klobuchar, 1991jhe multi-path effect. Therefore, to retain the relative accu-

The general approach of combining the GPS pseudorangeacy of the phase path measurements, the SShMalties for a

and phase measurements to extract slant TEC (STEC) witlgiven satellite pass are fitted to the level of the STE@=a-

satellite and receiver biases has been described in detail isurements as STEMQlus a RMS difference between STEC

several literatures (Lanyi and Roth, 1988; Sard1994). and STEG, then the STEC can be expressed as:

The total electron content along the GPS ray path from a

satellite to a receiver is known as the STEC. The STECSTEC= STECy + Beorr ®)

can be obtained from the difference between the pseudor-

anges P1 and P,), and the difference between the phases N 2

(L1 andL,) of the two GPS signals (Klobuchar, 1996). The Beorr = Z (STEG. — STEG)" /N (4)

relevant equations are: i=1

i| (P2— P1) 1)

} (L1a1—L2)2) (2

N are measurements obtained during a satellite pass. To con-
vert STEC to vertical TEC (VTEC), itis customary to assume
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Fig. 3. From top to bottom are{q 7, the daily strengthi(), the occurrence local tim&'(, and the geographic latitudé Y for the northern
(nc) and southerngg) EIA crest, respectively. Solid lines show the variation of the corresponding monthly mean values.
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the Earth’s ionosphere as a thin-shell model at a fixed height o9 I
(hs) in the range 350-400 km (Klobuchar, 1996). The choice .| = .
of a particular height of the thin shell is not particularly criti- 2
cal. Titheridge (1972) made extensive calculations with the-  °7f

oretical electron density profiles and showed that a global av- |
erage height of 420 km is appropriate for oblique to vertical
conversion. Using different thin-shell heights for different

local times and seasons of the year, Breed (1996) demon- 26
strated the magnitude of the error arising from an incorrect 25| e il
choice of median height are insignificant for measurements < zg
at an elevation angle greater thar? 1B6e found that 400 km S 22 .
is an appropriate height for the oblique to vertical conversion. & 2t} ]

o P

[- IENI- NS N NECUR SR

For this paperl, =400 km has been used to convert STEC to & 2 ]
VTEC and is, therefore, mathematically given by: 18l i
2 N ‘_e_‘ Tnc
R, x CO . :
VTEC=(STEC-B5— Bg) \/ 1- (— . S(S)) (5) Nt
R + hy 15+ B

141 B

Local time(hour)

BS and By, is the instruction biases of satellites and receivers
respectively;R ;=6371 km is the mean radius of the Earth;

is the elevation angle of the satellite. Since the GPS satel- T T S S TR
lites are evenly distributed in 6 orbital planes, it is possible to Month

adopt all the data of a GPS network to construct the TEC

map. The coverage of the map is a function of the GPSFig. 4. Panels from top to bottom show monthly mean values over

satellites’ orbit, the cut-off elevation angle and the altitude the 9 years of equivalent crest value per solar flux uhito7),
of the sub-ionospheric point. Figure 1 illustrates the sub-occurrence of geographic latitude)( and occurrence of local time

ionospheric point track or ionospheric footprints of the GPS.(T) for the northern fc) and southerns) EIA crest. Vertical bars

satellites observed at longitudes°#050 E during 11:30— indicate one standard deviation.

12:00 UT on 11 March 2000. There are 40 GPS receivers dis-

tributed in the map which were obtained from International exclude the above situations manually to avoid introducing
Global Navigation Satellite System Service (IGS) and Crusterrors.

Movement Observation Network of China (CMONOC) cov-  Once the UT/latitude map of TEC was obtained, a con-
ering almost the whole Chinese sector. By incorporating aouring algorithm with the level being set at 20 (using the
network of GPS receivers, a UT/latitude map can be reconsoftware Matlab 7.0) was applied to the map to acquire the
structed by applying nearest interpolation to the longitudepeak value, as illustrated in Fig. 2. According to Huang
115 E with a 40 window as shown in Fig. 1. The lat- and Cheng (1996) and Liu et al. (2007), several typical pa-
itude resolution is 25and temporal resolution is half an rameters can be used to characterize the structure of EIA:
hour. Then, by using least square fit and nearest neigh¢1) the amplitude of the most developed northern (southern)
bor interpolation method STEC observations are convertedrest /,,.(I;.), as well as its local timel},.(Ty.) and geo-

to VTEC data of 2.5 grid; at the same time, instrument bi- graphic latitudeL ,.(L;.). (2) CTR3% and CTR% (CTR
ases are filtered out. The above process is based on the ag noon sector 13:00 LT and post-sunset period 21:00LT).
sumption that the longitude difference of EIA in this area is Accompanying CTR, four extra parameters will be intro-
small and the error depends on the number of the GPS reduced accordingly13% (0.5x 11390+0,5x 1300 and 12100
ceivers. This interpolated TEC combined with the ionosonde(0.5x 12190+0,5x 12199 are the equivalent strength of the
observations has been used to study the ionospheric storgyest peak whild,l30° and]floo are the strength of the EIA
effects in the Asian-Australian and American regions duringtrough at 13:00 and 21:00 LT. It should be noted that the spa-
the “Halloween storm” (Zhao et al., 2005). As shown in the tial resolution of each parameter is lower than those derived
right panel of Fig. 1, the number of GPS receivers in this areahy Wu et al. (2008), who used 9 GPS receivers around the
increased year by year from 1996 to 2004. During 1996-northern EIA crest region. Since only a few GPS receivers
1997, the number of GPS receivers is around 15-20 and als@ere distributed around the magnetic equator, we are not
the intensity of EIA is not strong enough. The latitudinal about to discuss the EIA trough position.

distribution of EIA was sometimes represented with a maxi-

mum near the magnetic equator, and the EIA crest may also

disappear during an intense magnetic storm. Hence, we will

131 b
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Fig. 5. Mean variation of EIA during June—August (left) and December—February (right) under the condigips 50 (bottom panels).

The horizontal line indicates where the most developed EIA crest is, both for northern (red) and southern (green) one. The middle panels
show the diurnal variation of the crests. The top panels illustrate the time difference of the appearance of peak value for the normalized
diurnal variation. The dots represent the measured value and the lines the fitted.

3 Results and discussion monthly mean that the latitude of EIA crdst.(L;.) tends to
move equatorward during low solar activity, which was also
3.1 Seasonal dependence of the EIA crest revealed by Huang and Cheng (1996). During 1996-1997,

the crests were shown to move equatorward several degree
especially for the northern part. This could be caused by
the ambiguous EIA structure during low solar activity. How-
ever, some seasonal trend can be observed as illustrated in
Fig. 3 that crests tend to shrink equatorward at Junkgin
during 1996-1997 and ih,,. during 1997. The variation of

Figure 3 shows, from top to bottom, the dailygFy index,
the strength,,. (I,.), the local timeT,,.(T;.) and the latitude
L,.(Lg.) of the northern (southern) crest at the time of its
maximum TEC value (referred to hereafter as “EIA crest”)
from 1996-2004. The monthly mean value_s (_data W't.h dallynorthern crest with higher resolution during 1996—1997 can
K>3 are excluded) are plotted as red solid lines. It is clearbe referred to Wu et al. (2004)

that the values of daily,,. (;.) have a semiannual variation ’ ’

with two maxima occurring in autumn and spring and two  In order to investigate the seasonal variation of EIA crests
minima in winter and summer. Furthermore, the amplitudein more details and compare the results with the previous
of this semiannual variation is shown to be obviously mod- studies, the data was reorganized into monthly bins. To re-
ulated by the solar activity. The location of daily EIA crest move the effect of the geomagnetic disturbance, we only use
reveals quite a great variability in both local time and latitude data with a condition of dailyk,<=3. Note that forL,.,

as seen fronT,.(Ts.) andL,.(Ls.). It can be seen from the the data during 1996-1997 were excluded to avoid a large

Ann. Geophys., 27, 3868873 2009 www.ann-geophys.net/27/3861/2009/
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Fig. 6a. Solar activity (F10.7) dependence of noontime (13:00 LT) TEC in different seasons for two latitude regions for the (left) EIA crest,
(right) EIA trough.

standard deviation. Figure 4 gives statistical results of ev{Zhao et al., 2007). (2) The latitude of EIA credt,(/Ls.)

ery parameter of EIA crest. The vertical bars indicate theshows a seasonal dependence. For the northern érgst,
standard deviations of the observed quantities which can b&as a slightly northward in equinoctial months than in sol-
used to measure the range of scatters of the latitudes and osticial months and this is consistent with the result of Wu et
currence times of the daily EIA crests. According to Fig. 4, al. (2008). For the southern crest,. was much more equa-
several conclusions can be drawn in the following: (1) Thetorward from June to August than the values at equinoctial
values at both the EIA crests,./F107 andl./Fig7 subtract-  month and December. It seems that a seasonal change of the
ing the effect of solar activity, show evident semiannual vari- latitude position of the southern EIA crest is more evident
ations with peaks around equinox. Besides, annual asymmehan that of the northern one. (3) There is a tendency for
try, indicated by greater value in January than in July at boththe northern EIA crest (seen froffy.) to appear earlier in
the crest regions, is also very clear. This means that no wintewinter and later in summer, while this is not the case for the
anomaly appeared in the southern crest region which is consouthern crest.

sistent with the result of global ionospheric map (GIM) TEC

www.ann-geophys.net/27/3861/2009/ Ann. Geophys., 27, 38513-2009
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Fig. 6b. Same as Fig. 6a but for the post-sunset sector 21:00 LT.

Most features for the northern crest described above havelenoting the northern crest and the green as the southern.
been confirmed by the past studies (Walker et al., 1991The top panels of Fig. 5 show the diurnal TEC variations
Huang and Cheng, 1996; Wu et al., 2008). However, north-of the crests to be normalized within [0, 1]. The dots de-
south asymmetry of the appearance time of the most denote the observed values while the lines represent the fitted
veloped EIA was not addressed. As shown in the bottomvalues through the Fourier decomposition in order to obtain
panel of Fig. 4,7, precedesT,. 1.1~1.3h during June— the diurnal maxima position. As indicated by the vertical
August while Ty, precedesl,,. no more than half an hour dashed lines in Fig. 5a, the maxima of the northern EIA
at November—January. To give a straightforward descrip-crest appears nearly 2 h after that of the southern one dur-
tion, we plot the average EIA structure during June-Augusting June—August. This can be explained through the effects
and December—February, respectively, for all the data dureof daytime summer—winter transequatorial meridional winds
ing high solar activity (lp7>150) as shown in the bottom (Rishbeth, 1972). During summer, the daytime thermal pres-
panel of Fig. 5. Slices across the crest regions were sinsure bulge of the thermosphere locates at the midlatitude
gled out and plotted in the middle panels with the red linesin the summer hemisphere, and neutral winds blow away

Ann. Geophys., 27, 3868873 2009 www.ann-geophys.net/27/3861/2009/
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from the thermospheric pressure bulge. In the equatorial re- 1300LT

gion, transequatorial neutral winds blowing from the summer T & Cront
hemisphere toward the winter hemisphere in the magnetic ;4| —8— Trough |
meridian can readily move the ionization along the magnetic

field lines. These summer—winter transequatorial winds ei- g %°f

ther increase or decrease the rate of diffusion of ionization 04l G\B/B\g

from the magnetic equatorial region toward the winter or

summer hemisphere crest via the normal EIA mechanism. %2[

Consequently, the development of summer EIA crest should ¢

. Ma|L.e uinox Jur{e.solstice Sel.e uinox Deé.solstice
be retarded, and winter EIA crest should be enhanced. Mean a P-€q

while, the transequatorial winds also changes the recombina:
. L . . . . . 2100LT
tion rate by lifting/lowering the ionospheric height on either ‘ ‘ ; :
side of the equator and, hence, increase/decrease the electrc A —&— Crest
0.8 =—8— Trough ]

density. This process was most evident at middle latitudes
and less significant at the EIA crest region due to small mag-
netic dip angle and retarding diffusion effect. F-layer peak

height was observed to be anti-correlated with the peak elec-
tron density at EIA crest (Fesen et al., 1989). Itis known that o2t B/B\e_,___a
the local production rate of ionization is greater in the winter

1 1 L L

hemisphere due to dynamical transport increasing the; O/N Mar.equinox June.solstice Sep.equinox Dec.solstice
ratio (Rishbeth, 1998). However, this effect is more adapt-
able to explain the winter anomaly at middle latitudes. Therig. 7. Slopes of the solar activity dependence of TEC in different
hemispheric difference in the OfNatio is small in the low  seasons in the EIA crest and trough regions for noon and post-sunset
latitudes during the daytime. sectors. Slopes are obtained by least squares fitting of data points
Figure 5b shows that the maximum of the southern EIA for F1g7<200 shown in Fig. 6.
crest appears only half an hour after that of the northern
one during December—February. Little difference is seen be-
tween the time when maximum appears at two crests. Weaesult in an increase of the retarding effect of ion-drag on the
have checked thieF2 variation using ionosonde data at Oki- daytime meridional winds (Walker et al., 1991). The mecha-
nawa (26.7N, 128.2 E) and Darwin (12.5S, 130.9E)and  nism of the asymmetry in the local time appearance of max-
a similar result was obtained. However, this character wasmum EIA crest as well as its longitude dependence needs
not observed by Tsai et al. (2001) which studied the south+o resort to the model simulation for detailed investigation
ern anomaly at the Indian sector. Transequatorial winds stilwhich is beyond the scope of this paper.
effects the works producing the evident north-south asym-
metry because the TEC at northern (winter) crest increase8.2 Solar activity dependence of the EIA structure for
faster than that at the southern (summer) one during 08:00—  noon and post-sunset sectors
12:00 LT. However, the subsolar point is much closer to the
geomagnetic equator in the summer Northern Hemispherén this section, we are about to investigate the solar activ-
than in the summer Southern Hemisphere and results in difity dependence of the EIA structure characterizedﬁQo,
ferent types of transequatorial winds at EIA region. Further-73%°and CTR3%in the noon and’?1%°, 12100and CTR100
more, the local time of the appearance of daily maximumin the post-sunset sector. As shown in Fig. 6a, b, in order
at EIA crest not only depends on the transequatorial windsfo show the relationship for the strength of EIA crest and
but also the strength of the equatorial electric fields and neutrough at noon as well as in the post-sunset sector with re-
tral composition. According to the quiet time equatorial spect to the 7, a robust linear regression method was used
upward drift model (Scherliess and Fejer, 1999), the equato derive at the solar activity dependence of the EIA based
torial zonal electric field develops quickly in the morning- on 31-day data centered at equinox and solstice under the
noon sector and diminishes quickly after local noon for June-geomagnetic conditiok’,<=3. The significance of the so-
August. However, this electric field remains at a consider-lar activity dependence can be represented by the slopes of
able strength, 8-10 m/s greater than during June—August, ithe fitted curves, and it has been summarized in Fig. 7. In
the afternoon sector for December—January around E20 the noon sector, a significantly positive correlation prevails
This may lead to the balance of the effect of electric field andfor solar activity levels with Ip7<200 at both the crest and
equatorward thermospheric wind which tends to diminish intrough regions as seen in Fig. 6a. Considering saturation ef-
the afternoon sector according to HWM 93 model (Hedin fect around equinox whemn k7 exceeds 200, the slopes have
et al., 1996). Furthermore, the TEC value in December-been calculated without data samples g§#200 for all
February is greater than that in June—August, and this magases in Fig. 6. It is apparent in Fig. 7 that the solar activity
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Latitude profile of EIA at 1300 LT
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Fig. 8. Latitude profile of EIA and crest-to-trough ratio around 13:00 and 21:00 LT during 1996—2004. The red lines denote the monthly
mean value.

dependence is stronger in the EIA crest region than in thesolar activity dependence at EIA crest resembles that in the
trough region. This is because the fountain effect tends to renoon sector. However, in the EIA trough region, the slopes
move plasma from the dip equator and to deposit it in thewere much lower. Figure 6b shows thet'% tends to de-
crest regions. When superimposed on the enhanced ph@rease with kp7 when Fg7>200 around equinox and the
toionization with increasing solar activity levels, it results in correlation coefficienR is around 0.4-0.5. A similar result
a stronger density enhancement witfpfin the crest re- was also obtained by Liu et al. (2007). Their result indicates
gion than it does in the trough region during the daytimethat after sunset, wheR(P=F107+F1074) exceeds 180, the
(Liu et al., 2007). Furthermore, for the crest region, slopesN, at~400 km shows significant increases at the crest region
are higher around the equinox and lower near the solsticeand became unrelated in the trough region with respect to the
and more specifically highest at March equinox and lowestsolar activity, whereas this situation is clearly dependant on
at June solstice. In contrast, the seasonal difference in théhe season.
EIA trough region was not that significant as in the crest re-
gion. For the post-sunset sector, the seasonal variation of the Another important parameter of the EIA is CTR which
is directly related to the fountain effects. In the East-Asian
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Fig. 9. The linearity of monthly post-sunset CTR with monthly solar flux for all months. The straight line is the robust fit value.

region where no direct measurement of equatorial zonal electhe amplitude of the diurnal tide (1, 1) mode at the height of
tric field is present, the CTR can provide indirect information 95 km in the period of October 1991—-March 1995. Forbes
of the electric field, though is not accurate (Basu et al., 2004)(1981) pointed out that the diurnal tide (1, 1) mode in the
Mendillo et al. (2000) found the utility of this index to be an ionospheric E-layer is the direct driving source for the equa-
indicator of the occurrence of equatorial spread F (ESF).  torial electrojet. Therefore, there must be the semiannual
variation in the intensity of the equatorial electrojet, which
Figure 8 illustrates the evolution of C¥#?in the noon a5 clearly identified at a global scale by Alken and Maus
and CTR*%in the post-sunset sector associated with lati-(2007). Figure 8 also shows that around the March equinox
tude prOﬁle of EIA during 1996-2004. The red lines denote of 1999, the amp"tude of the C-F'@OW&S |arger Compared
the monthly mean value. Semiannual trend was identified ing the other year. This corresponds to the northward moving
CTR¥¥P though it shows a year-to-year variability. No S0- of the northern EIA crest observed by Wu et al. (2008) indi-
lar activity dependence was observed in C¥Rsince the  ¢ating an expansion of EIA. We are not very certain of what

daytime F-region equatorial electric field was controlled by happened in the lower atmosphere which resulted in a very
the E-region dynamo modulated by the tides in the lower at-gffective fountain effect during this period.

mosphere (Fejer et al., 1991b; Stening, 1992). The analysis
of the wind data of UARS satellite by Burrage et al. (1995) As illustrated in the bottom panel of Fig. 8 for the post-
showed that there are very obvious semiannual variations o$unset sector, CTR° shows a very strong dependence of
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solar activity compared with the noon sector. This is appre-Australian sector. If the two parameters can be parameter-
hensible because the pre-reversal enhancement of eastwamd, the CTR can be used to predict the equatorial drift when
electric field in the dusk sector increases significantly withthe measurement is absent in this region.

solar activity as reviewed by Fejer (1991a). At nighttime

in the trough region the loss of the plasma density due tOAcknowIedgeme_ntsThe author_s acknowledg_e IGS for providing
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