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Abstract

The effects of geomagnetic storm on GPS ionospheric scintillations are studied here using GPS scintillation data
recorded at Sanya (18.3°N, 109.5°E; geomagnetic: 7.6°N, 180.8°E), the southmost station in the Chinese longitude region.
GPS scintillation/TEC and DMSP data are utilized to show the development of irregularities during the period year 2005
(solar minimum). Statistical analysis of K planetary index (Kp) and amplitude scintillation index (S4) indicates that most
storms of the year did not trigger the scintillation occurrence at Sanya. However, cases of scintillation occurring during
moderate and strong storm (Dst<—100) periods show clearly that the development of irregularities producing
scintillations can be triggered by geomagnetic storms during the low scintillation occurrence season. The effects (trigger or
not trigger/inhibit) depend on the maximum dDst/dt determined local time sector, and can be explained by the response of
the equatorial vertical drift velocities to magnetospheric and ionospheric disturbance electric fields. For station Sanya, the
maximum dDst/dt determined local time is near the noon (or post-midnight) sector for most storms of the year 2005, which
inhibited (or did not trigger) the post-sunset (or post-midnight) scintillation occurrence and then led to the phenomena that
the statistical results presented.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Plasma irregularities in the nighttime equatorial F
region, namely as equatorial spread-F (ESF)
(Woodman and La Hoz, 1976), have been the
subject of many observational and theoretical
investigations over the past several decades (e.g.
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Fejer and Kelley, 1980; Kelley, 1989; Fejer, 1996;
Fejer et al., 1999). These irregularities are formed in
the post-sunset period due to the Rayleigh-Taylor
gravitational instability processes operating on the
steep upward gradient in the bottomside F-region.
They produce amplitude and phase scintillations on
trans-ionospheric satellite signals from VHF to L
band mainly near the geomagnetic equator. The
strongest L band scintillations, with signal fades of
about 20dB, often occur during solar maximum
years, in the equatorial anomaly regions during the
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post-sunset period (Aarons, 1982; Basu et al., 1988).
With the increasing reliance on satellite-based
positioning systems in critical applications, the
impact of scintillation on GPS communications
has generated a new impetus. Since scintillation
prediction can help to avoid blackouts and distor-
tions in GPS communications due to ionospheric
irregularities, it also can help to advance the
understanding of the nature of scintillations. The
prediction of the scintillation during geomagnetic
storms, and how geomagnetic storms affect the
occurrence of scintillation, as one of the prominent
issues related to space weather studies, is very
important for radio communications.

Previous studies of the effects of geomagnetic
storms on ESF and equatorial plasma bubbles
(EPBs) have shown that there is a general consensus
that geomagnetic activity tends to suppress the
generation of ESF in the pre-midnight period,
whereas the possibility of observing ESF during
the post-midnight period increases with geomag-
netic activity. Aarons and DasGupta (1984) studied
the major magnetic storm of April 1981, using the
scintillation data from two equatorial stations. They
found that the probability of occurrence of post-
midnight equatorial scintillation activity is en-
hanced if the recovery phase of the storm starts in
the midnight to dawn local time sector. Dabas et al.
(1989), considering the scintillation data from a
chain of stations extending from the equator to
21°N magnetic latitude along 84°E in the Indian
zone and at Lunping in the far eastern zone,
reported the local time effects on scintillation
activity during different phases of geomagnetic
storms. By analyzing the equatorial scintillation
data during the magnetic storms based on Kp and
Dst indices, Aarons (1991) concluded that the ring
current can play a leading role directly or indirectly
in establishing the conditions for equatorial F-layer
irregularity generation or inhibition, and categor-
ized Dst variations during magnetic storms on
categories when maximum Dst occurs: (1) 10:00—
16:00LT, (2) 00:00-06:00LT and (3) 18:00—
22:00 LT, and found that the first category of
storms had more suitable conditions for the inhibi-
tion of scintillation. Now the category is known as
“Aarons criteria” (Biktash, 2004). Recently, Basu
et al. (2001) related the occurrence of strong
irregularities with the change rates of Dst lower
than —50nT/h. By considering a less stringent
criterion, Huang et al. (2002) concluded that the
rates of change lower than —5nT/h for 2 or more

hours would trigger equatorial irregularities, likely
due to the penetration of high-latitude electric fields.

During periods of geomagnetic storms, the
equatorial electric fields could be affected by two
main high-latitude sources, namely the solar wind—
magnetosphere dynamo (direct or prompt penetra-
tion of the magnetospheric convection electric field)
and the ionospheric disturbance dynamo. The
equatorial zonal electric field affects the growth
rate of the Rayleigh-Taylor instability through the
gravitational and electrodynamic drift terms and by
controlling the electron density gradient in the
bottomside of the F layer after dusk. Therefore,
the equatorial post-sunset electric field should play a
dominant role in the variability of ESF (Farley
et al., 1970). Kelley and Maruyama (1992) presented
case studies of storm-time electric field effects on the
generation of ESF over Jicamarca during post-
midnight hours and tested the assumption that the
penetration of eastward plasmaspheric electric fields
initiates the generation of these irregularities.
However, Fejer (1996) presented that prompt
penetration electric fields alone cannot explain the
complex dependence of ESF on magnetic activity.
In addition, Fejer et al. (1999) explained the
dependence of spread-F occurrence on magnetic
activity as due mostly to the corresponding varia-
bility of the equatorial vertical plasma drifts, and
reported a threshold level of ~50m/s (~20m/s)
E x B drift velocity at solar maximum (solar
minimum).

Recently, the GPS ionospheric scintillations at a
low-middle latitude station Wuhan in China during
storms were studied (Li et al., 2006; Xu et al., 2006,
2007). In the present study, GPS scintillation/TEC
measurements at Sanya (18.3°N, 109.5°E), Digisonde
and DMSP plasma density data from other long-
itude sectors are utilized to study the effects of
geomagnetic storms on equatorial ionospheric
scintillations during the low scintillation occurrence
season (for station Sanya, the GPS ionospheric
scintillations mainly occur during equinoctial
months (3, 4, 9, 10), and are rarely observed at
solstice). We continue the investigations in which
source can have an influence on scintillation
activity, and the main objective of the study is to
find out which source can be related to the
scintillation occurrence during storm periods in
the Chinese sector. IMF Bz, Dst and dDst/dt are
used to identify the geomagnetic storms. The net
horizontal magnetic field intensity AH (Hquator—
Hyon-equator» 0T), introduced by Chandra and
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Rastogi (1974), together with the virtual height of
the F layer h'F, the variations of E x B drift velocity
are illustrated. In general, observational results
show that scintillation development can be triggered
or inhibited (not triggered) during geomagnetic
storms. The maximum dDst/dt determined time is
nearly the same as penetration time estimated by
AH, and it determined that local time plays a main
role in the development of irregularities.

2. Data

In order to understand the amplitude and phase
scintillation of GPS L1 band in the Chinese low-
latitude region, a modified GPS receiver was set up
at Sanya (18.3°N, 109.5°E). The receiver is a
NovAtel Euro4 dual-frequency receiver version with
OEM4 card and special firmware, which also yields
the value of ionospheric TEC (Van Dierendonck
et al., 1993). The amplitude scintillation is mon-
itored by computing the S4 index, which is the
standard deviation of the received power normal-
ized by its mean value. For the cases presented in
this paper, only the signals coming from satellites
with an elevation angle higher than 15° and with a
time of lock longer than 180s were taken into
account.

The plasma data used here are from the observa-
tions of Special Sensor—Ilons, Electrons, and
Scintillation (SSIES) package onboard the DMSP
satellite. The DMSP satellites are three-axis stabi-
lized spacecraft that fly in Sun-synchronous circular
polar orbits at ~840 km altitude. The orbital planes
are near either the 18:00-06:00 or 21:00-09:00
geographic LT meridians with the ascending nodes
on the duskside of the earth. SSIES consists of a
spherical Langmuir probe mounted on a 0.8m
boom to measure the densities and temperatures of
ambient electrons, along with three separate sensors
mounted on a conducting plate facing in the ram
direction (Rich and Hairston, 1994). The data we
used in this study are from the DMSP F15 satellite
(the orbit is in the sector 21:00LT) and the time
resolution of used data is 4 s, which can be used to
investigate the post-sunset EPB occurrence at a wide
longitude region.

By adopting the technique of Chandra and
Rastogi (1974), the daily variations of wvertical
E x B drift velocity were observed with the AH
(nT) parameter at ~110°E longitude. H is the
horizontal intensity of the geomagnetic field. If the
variations of H away from the equator (Hyon-equator)

are removed, the non-ionospheric variations can be
climinated from the H.quawr data. Thus the AH
parameter (Hequator—Hnon-equator) 18 @ good indica-
tor of the vertical E x B drifts velocity. Here, the
equatorial Muntinlupa (14.4°N, 121.0°E; geomag-
netic: 3.6°N, 191.6°E) and non-equatorial Sanya
(18.3°N, 109.5°E; geomagnetic: 7.6°N, 180.8°E)
magnetometer data were used to obtain the AH
parameter and infer the E x B drift due to prompt
penetration. The virtual height of F layer, h'F, and
the peak height of F layer, hmF2, are measured by
Digisonde at Chungli (CL, 24.9°N, 121.2°E).
Together, the measurements h’'F at Kwajalein (KJ,
8.7°N, 167.7°E) are utilized to estimate the vertical
drift velocity. The Kwajalein Digisonde data are
obtained from the DIDB database.

Geomagnetic storms are characterized by a
prolonged depression of the horizontal component
(H) of the Earth’s magnetic field. The depression in
H is characterized by the geomagnetic index Dst,
obtained from the Space Physics Interactive Data
Resource. The southward turning of the interpla-
netary magnetic field (IMF) Bz ensures the trans-
portation of solar wind energy into the Earth’s
magnetosphere, which is the primary cause for the
formation of geomagnetic storms (Allen et al., 1989;
Tsurutani et al., 1992; etc). Here, IMF Bz, Dst and
dDst/dt indices are used to classify the storms. IMF
Bz and Kp data are obtained from Coordinated
Data Analysis Web.

3. Results

3.1. Statistical analysis of geomagnetic activity (Kp)
and scintillation occurrence (S4)

The correlation between geomagnetic activity
based on Kp index and occurrence of scintillation
has been investigated. As shown in Fig. 1, the 3-h
Kp values are plotted versus the amplitude scintilla-
tion index (S4) observed at Sanya during the year
2005. From the figure we can see that the scintilla-
tion occurrence is mainly confined to periods of
lower Kp values, and for periods with higher Kp
values (Kp>4+), there are nearly no scintillation
occurrences. The results indicate that scintillation
may easily occur during geomagnetic quiet days at
Sanya, and geomagnetic disturbance may not
trigger the scintillation occurrence. Since iono-
spheric irregularities producing scintillation were
generated a few hours after the beginning of the
disturbance, in order to make the correlation
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between Kp and scintillation occurrence more
realistic, here, the used Kp value is the maximum
Kp value for the previous and current 3 h.

3.2. Storm cases

3.2.1. Storm 1: 8 May 2005
Here we present a case that the irregularities
producing scintillations at Sanya were triggered by a
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Fig. 1. Three-hour Kp index versus amplitude scintillation index
(S4) observed at Sanya during the period year 2005.
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geomagnetic storm. The enhancements of vertical
upward drifts due to the storm helped to create the
right conditions for irregularities to develop, and
then induced the scintillations.

In Fig. 2, the three left panels show the IMF Bz,
Dst and rate of change of Dst (dDst/dt). AH
parameter, the virtual height of F layer h'F and
peak height of F layer hmF2 are presented in the
three right panels. As shown in the top left
panel, IMF Bz turned southward at around
18:00 UT on 7 May 2005 and reached the maximum
value ~—19nT. Except for several northward
excursions, it remained negative for several hours
until 07:30 UT on 8 May 2005. And then, IMF Bz
again turned southward at around 11:50UT.
In the middle panel, Dst index showed two
maximum negative excursions —91 and —127nT
at about 03:00 and 18:00 UT. However, the max-
imum dDst/dt —36 and —27nT appeared at 01:00
and 12:00 UT. The top right panel shows two
sudden increases in AH near 01:00 and 12:00 UT
on 8§ May; this behavior is most likely associated
with the effect due to the prompt penetration
of an eastward electric field into the equatorial
ionosphere. Low-latitude Digisonde station Chungli
(CL) registered a very significant increase of the
F layer.

AH (nT)

h'F (km)

hmF2 (km)

0 4 8 12
UT (hours)

16 20 24

Fig. 2. Bz component of the interplanetary magnetic field in geocentric—solar-magnetospheric (GSM) coordinates provided by the
Advanced Composition Explorer (ACE) spacecraft (top panel, left), Dst index (middle panel, left), the rate of change of Dst index (bottom
panel, left) for the period 7-9 May 2005; AH parameter (top panel, right) for 7-8 May 2005; F layer virtual height (h'F, middle panel,
right) and F layer peak height (hmF2, bottom panel, right) obtained from Digisonde measurements at CL (Chungli) for 7-8 May 2005.
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Fig. 3. GPS amplitude scintillations (S4 index) for all satellites during the period 7-9 May 2005(top panel), and scintillations and TEC
fluctuations (ROT) on 8 May 2005 at Sanya (bottom panels). Vertical axes of bottom left and middle panels represent satellite number.
Separation between satellites is 1 (for S4 index) and 4 TECu/min (for ROT). The bottom right panel is a map of GPS satellite tracks in the
400 km altitude from Sanya (marked by asterisk), red and green bold traces represent the weak (0.3>S4>0.1) and moderate (S4>0.3)

scintillations, respectively.

As seen from the two bottom right panels of Fig. 2,
both W'F and hmF2 showed a sudden increase,
which started at 12:00 UT, and related the enhance-
ment of the vertical upward E x B drift velocity. h'F
went gradually from 225km at 12:00 UT to 405 km
at 15:15UT during 8 May, and the average upward
plasma drift velocities are estimated about ~15m/s.
In the evening sector, when the upward drifts are
larger than ~5-10m/s near the solar minimum,
narrow unstable layers of weak irregularities will be
generated in the lower F region in all seasons. For
upward drift velocities larger than ~15-20m/s,
the unstable layer is lifted to altitudes where the
gravitational drift term is dominant in the growth
rate of the Rayleigh-Taylor instability, leading to
wide and strong scattering regions (Fejer et al.,
1999).

The GPS scintillations and TEC fluctuations
recorded at Sanya are shown in Fig. 3. The top
panel shows the amplitude scintillations for all
satellites during the period 7-9 May 2005. Only on
the night of 8 May there exist apparent scintilla-

tions. The bottom left panel shows that scintilla-
tions are observed from many GPS satellites and the
scintillation is very strong, and S4 index is more
than 1 for PRN 19. The bottom middle panel of
Fig. 3 shows the UT variation of ROT (rate of change
of TEC per minute, Pi et al., 1997), a measure of the
presence of ionospheric irregularities. For PRN 19,
the maximum ROT is more than 4 TECu. From
these two panels, we can clearly see that the
observed scintillation started at post-sunset 13:00
UT (~20:00LT) and continued to post-midnight
after 19:00 UT (~02:00LT). The bottom right panel
of Fig. 3 shows that the scintillations occurred at a
wide region around station Sanya.

For the storm, the above-presented figures
indicate that the magnetospheric perturbations
influence the equatorial ionosphere, and lead to
the post-sunset steep height increase of h’'F, which
causes the Rayleigh-Taylor mode to become
unstable, and results in spread-F irregularities.
Hence, strong scintillations and TEC fluctuations
were observed at Sanya during ~13:00-19:00 UT.
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If we use the maximum dDst/dt as the category, for
station Sanya (LT~ UT + 7), the maximum dDst/dt
(12:00 UT) determined local time is about 19:00 LT,
which corresponds to the post-sunset sector.

3.2.2. Storm 2: 24 August 2005

In contrast with storm 1, the storm of 24 August
2005 as indicated in Figs. 4 and 5 showed that little
GPS scintillation was observed at Sanya, but
TEC fluctuation was apparent and the EPBs
were observed by DMSP FI15 at the ~147°E
longitude region during the storm period. Figs. 4
and 5 show IMF Bz, Dst, dDst/dt, AH, W'F and
hmF?2 indices, and S4, ROT and plasma density
(Ni), respectively.

As shown in Fig. 4, IMF Bz exhibited two
incursions to the south on 24 August 2005. The first
one turned southward and reached the maximum
value ~—55nT at around 09:00 UT, and then
turned northward at 10:40 UT. After approximately
30min, IMF Bz again became southward at
11:08 UT and remained negative until 12:20 UT.
The maximum Dst index found was —216nT at
11:00 UT. However, the rate of change of Dst
(dDst/dt) reached a maximum —158nT/h at
10:00 UT. Also, the AH parameter showed a sudden
increase nearly within the period 10:00-11:00 UT.
h'F and hmF2 showed several increments during
09:00-11:00, 11:00-13:00 and 13:00-15:00 UT.
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The GPS scintillations and TEC fluctuations
recorded at Sanya are shown in Fig. 5. The top
panel shows the amplitude scintillations for all
satellites during the period 23-25 August 2005. Only
on the night of 24 August did there exist a little
scintillation. As the bottom left panel presented, the
scintillation was observed only by PRN 16 and
PRN 20, and the maximum S4 index was about 0.4.
The bottom middle panel of Fig. 5 shows the UT
variation of ROT. Different from little scintillation,
the TEC fluctuation was observed by many
satellites, and the maximum fluctuation reached 4
TECu. It indicates that for most PRN passes there
exist large-scale irregularities (shown as apparent
TEC fluctuations), but no small-scale irregularities
(Fresnel scale) producing GPS ionospheric scintilla-
tions (e.g. Basu et al., 1999).

Data from the DMSP satellite (F15) can be
processed to obtain the occurrence of EPBs in other
longitude regions. Ma and Maruyama (20006)
utilized the ion density to identify a super storm-
time bubble. As shown in the right bottom panel of
Fig. 5, it indicates that the DMSP F15 crossed three
structures, centered near 147°E at 10:48 UT, in
which the plasma density decreased rapidly from
10° to 10°cm ™. For station Sanya and the 147°E
longitude region, the maximum dDst/dt (10:00 UT)
determined local time is ~17:00 and ~20:00 LT,
respectively.
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Fig. 4. Same as Fig. 2; Bz component of IMF, Dst index, rate of change of Dst index for 24 August 2005; AH parameter, h'F and hmF2

for 23-24 August 2005.
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Fig. 5. GPS amplitude scintillations (S4 index) for all satellites during the period 23-25 August 2005(top panel). The two bottom left
panels show S4 index and ROT obtained from Sanya for 24 August 2005. Separation between satellites is 1 (for S4 index) and 4 TECu/min
(for ROT). The right middle panel is a map of GPS satellite tracks. The right bottom panel shows the plasma density measurements from
DMSP F15 on 24 August 2005 at longitude ~147°E (~10:48 UT).

3.2.3. Storm 3: 15 May 2005 and other storms

In comparison to scintillation activity during
storms 1 and 2, no scintillation and TEC fluctuation
were observed at Sanya during the storms that
occurred on 21 January, 15 May, 30 May, 12 June
and 11 September 2005. However, the EPBs were
observed by DMSP F15 or strong spread-F was
recorded at other longitude regions during the
storm periods (near the maximum dDst/dt deter-
mined time). Here, the storm of 15 May 2005 is
presented in detail. Figs. 6 and 7 show IMF Bz, Dst,
dDst/dt, AH, hW'F (for CL and KJ) and hmF2
(for CL and KJ) indices, and S4, ROT, plasma
density (Ni) and plasma vertical drift velocity (Vz),
respectively.

Fig. 6 illustrates that IMF Bz turned southward
at 05:30UT on 15 May 2005 and then turned
northward at 08:25UT. The maximum IMF Bz
component is over —46nT. As seen from the two
left middle panels, Dst and dDst/dt reached their
maximum —263nT and —170nT/h at 08:00 and
07:00 UT, respectively. The AH parameter showed a
sudden increase nearly at 07:00 UT. The four right

panels show measurements of h'F and hmF2 for
Chungli and Kwajalein. For station Kwajalein, h’'F
and hmF2 registered a very significant increase
during the period ~06:20-07:40 UT, followed by
the occurrence of strong spread-F (seen as diffuse
F-region traces in the ionogram). By using the
h'F (KJ) increment ~177 km, the average upward
plasma drift velocities are estimated about 37m/s
during the period 06:20-07:40 UT. As previously
introduced, this drift velocity is larger than
~15-20m/s, and the unstable layer will be lifted to
altitudes where the Rayleigh-Taylor mode becomes
unstable, and then the spread-F will be generated
and cause the scintillations.

Fig. 7 shows the GPS scintillation and TEC
fluctuation recorded at Sanya, and the topside
plasma density and vertical drift velocity measure-
ments at the 191°E longitude sector. As seen from
the top panel, GPS amplitude scintillation was
observed by PRN 3 on 14 May 2005. On the
following two nights, there was no observed
scintillation activity. The bottom left and middle
panels show the detailed information about scintillation
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Fig. 6. Same as Fig. 2; Bz component of IMF, Dst index, rate of change of Dst index and AH parameter for the period 14-16 May 2005;
h'F and hmF2 (CL and KJ) for 14-15 May 2005.
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right middle and bottom panels show the plasma densities and the plasma vertical flow velocities (red line indicates the velocity during the
same period for the previous day) from DMSP F15 passes on 15 May 2005 at longitude ~191°E (~08:05 UT).
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and TEC fluctuation during the storm period.
Although no scintillation and TEC fluctuation was
observed at Sanya, the occurrence of EPBs was
detected by DMSP F15 in other longitude regions.
As shown in the right middle and two bottom
panels, the deep plasma depletions were located
near 191°E at ~08:05 UT. Within the depletions, the
plasma density decreased from 10° to 10%cm ™.
Also, the simultaneous topside plasma drift velocity
Vz showed upward drifts. For station Sanya,
Kwajalein and the 191°E longitude region, the
maximum dDst/dt (07:00 UT) determined local time
is ~14:00, ~18:00 and ~20:00 LT, respectively.

4. Discussion

The cases presented here indicate that there can
be different effects (trigger or inhibit/not trigger) of
storm on GPS ionospheric scintillations at Sanya.
The maximum dDst/dt determined local time played
a dominant role in the development of irregularities,
and at the time close to the post-sunset sector, the
storm will help to create the right conditions for
post-sunset irregularities.

In the equatorial region, one of the necessary
conditions for the generation of F-region irregula-
rities is that the F-layer should be lifted to a higher
region, where the Rayleigh-Taylor mode becomes
unstable, and then form plasma bubbles and spread-
F irregularities. The F-layer height is largely
determined by the equatorial vertical drift velocity,
which is driven by the zonal electric field via the
E x B drift. Through analyzing a large database of
equatorial F region plasma drift velocities derived
from Jicamarca radar observations, Fejer and
Scherliess (1997) and Scherliess and Fejer (1997)
modeled the storm-time behavior of the equatorial
electric fields and delineated the contributions from
prompt penetration and disturbance dynamo elec-
tric fields. Generally, nighttime (daytime) F-layer
drifts are normally downward (upward) because of
the westward (eastward) electric field. Before the
reversal of the drift from upward to downward,
there exists an upward drift enhancement named
prereversal enhancement. A clear relation exists
between the magnitude of the prereversal enhance-
ment and occurrence of post-sunset ESF: when a
strong prereversal enhancement presents, the irre-
gularities are more likely to develop. Therefore, as
suggested by Farley et al. (1970), the equatorial
post-sunset electric field should play a dominant
role on the variability of ESF.

During storms, the low-latitude electric fields can
be significantly disturbed and two major sources of
these perturbations are found in the magnetospheric
and ionospheric disturbance dynamo: (1) the
magnetospheric and high-latitude electric fields
and (2) the disturbance dynamo electric field.
Magnetospheric dynamo processes generate prompt
electric field perturbations with time scales less than
~2h. However, the ionospheric disturbance dyna-
mo affects the low-latitude region several hours or
longer (Fejer, 2002). Past studies have shown that
the onset of magnetic activity in the late afternoon
increases the occurrence of spread-F, amplitude
scintillations of VHF and UHF beacons, and large-
scale plasma depletions in the pre-midnight sector,
while the onset of strong magnetic activity near the
noon sector decreases the occurrence of these
irregularities and depletions (e.g. Aarons, 1991;
Abdu et al., 1995; Sahai et al., 1998).

For the storms presented previously, Table 1
outlines the scintillation occurrence. From the table
and previous figures, we can clearly see that many
indices (e.g. IMF Bz, Dst, dDst/dt) are suitable for
investigations of scintillation, but the maximum
dDst/dt determined time is nearly the same as the
estimated penetration time, and it determined that
local time plays a main role in the development of
irregularities. When the maximum dDst/dt deter-
mined local time is close to post-sunset (18:00—
22:00 LT), the prompt penetration eastward electric
field will enhance the maximum prereversal east-
ward electric field, and therefore the upward drifts
velocities. The prereversal velocity enhancements
elevate the F layer to much higher altitudes, and
then the scintillations or plasma bubbles will
probably be observed as storms 1 and 2. Since the
prompt penetration effects are short-lived, however,
when the determined time is near the noon sector,
after a few hours (near post-sunset), the westward
disturbance dynamo effects control the dynamics of
the low-latitude region. They reduce the prereversal
eastward electric field and decrease the upward drift
velocities, and so inhibit the generation of irregula-
rities. As storm 3 presented, the spread-F phenom-
ena or EPBs were observed at other longitude
sectors, but at station Sanya, no scintillations or
irregularities were detected. These results can be
explained as due to the effects of eastward prompt
penetration (trigger the scintillation occurrence) and
westward ionospheric disturbance dynamo electric
fields (inhibit the scintillation occurrence), respec-
tively (Fejer and Scherliess, 1997; Scherliess and



Table 1

The storm sudden commencement time, the prompt penetration time, the maximum Dst negative excursion time and maximum dDst/dt time and determined local time for station
Sanya (LT~ UT +7), and longitude sectors where EPBs or ESF occur during the storm periods

Storm SSC time Penetration Maximum Dst (nT) and the Maximum dDst/dt Scintillation occurrence ESF or bubbles
uT) time (UT) time (UT and LT), (nT/h) and the time and the time (UT) observed at longitude
LT~UT+7 (UT and LT), LT~UT+7 sectors and the time
(UT)

8 May 2005 7 May, 19:16 ~12:00 —127nT, 18:00UT —27nT/h, 12:00UT 12:00—20:00, strong
01:00LT 19:00LT

24 Aug 2005 06:13 ~10:00 —216nT, 11:00UT —158nT/h, 10:00 UT 13:00-15:00, little 147°E, ~10:48
18:00LT 17:00LT

15 May 2005 02:39 ~07:00 —263nT, 08:00UT —170nT/h, 07:00 UT No 167°E, ~08:00-18:00
15:00LT 14:00LT 191°E, ~08:02

21 Jan 2005 17:11 ~17:20 —99nT, 21:00 UT 63nT/h, 18:00UT No 29°E, ~18:54
04:00LT 01:00LT

30 May 2005 29 May, 09:52 —138nT, 13:00UT —27nT/h, 08:00 UT No 172°E, ~09:18
20:00LT 15:00LT

12 Jun 2005 07:45 ~18:00 —105nT, 22:00UT —34nT/h, 19:00UT No 19°E, 19:30
05:00LT 02:00LT

11 Sep 2005 01:14 ~06:00 —123nT, 10:00UT —31nT/h, 06:00UT No 193°E, 07:48

17:00LT

13:00LT

SPOI-#E0I (800T) 0L $21SCYd [D141S2113 [ ~4D]0S pub dLioydsowy fo jpuinof [ v 12 1T "D

evol
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Fejer, 1997). When the maximum dDst/dt deter-
mined local time is near the post-midnight sector,
the irregularities develop related to the changing
electric field direction. For the storms (21 January
and 12 June, see Table 1), the strength of the added
eastward electric field is probably not enough to
change the electric field direction from westward to
eastward, and does not trigger the post-midnight
scintillation occurrence. When we categorized dDst/
dt variations as the Aarons category (using max-
imum dDst/dt instead of maximum negative Dst), it
indicates that the category 3 storms help to generate
the irregularities associated with scintillations,
category 2 storms did not trigger the scintillation
and category 1 storms had more suitable conditions
for the inhibition.

5. Conclusions

We have used GPS scintillation/TEC data to
investigate the effects (trigger or inhibit/not trigger)
of geomagnetic storms of the year 2005 on iono-
spheric scintillations at Sanya, the southmost station
in the Chinese longitude region. Magnetometer
data, Digisonde data (Chungli and Kwajalein) and
topside plasma data were also used to help elucidate
the possible mechanisms responsible for the effects.
The main results can be summarized as follows.

The storms presented here with sharp increase in
AH showed that prompt penetration occurs. Nearly
the estimated penetration time, the maximum dDst/
dt was observed. This supports the conclusion as
Martinis et al. (2005) reported that the maximum
dDst/dt determined time probably can be used as a
proxy to determine the penetration time.

For storms 1, 2 and 3, strong, little and no
scintillation activities were observed, respectively, at
Sanya. For storms 1 and 2, they occurred at J
month (May-August, the minimum scintillation
occurrence season for Sanya). We think storms 1
and 2 trigger the scintillation occurrence, and storm
3 does not generate the irregularities observed at
Sanya. But for storm 3, the EPBs or spread-F were
observed at other longitude regions, where the
dDst/dt determined local time is close to post-
sunset. It signifies that storm 3 triggers the
scintillation occurrence at other longitude sectors.

The cases listed in Table 1 indicate that the storm
effects on scintillation depend on the maximum
dDst/dt determined local time sector. When the
determined local time is close to post-sunset, the
enhanced eastward electric field sets the plasma into

motion via the vertical E x B drift, which causes the
Rayleigh-Taylor mode to become unstable, and
leads to the development of plasma bubbles and
spread-F irregularities producing scintillation.
These can be explained as due to the combined
effects of magnetosphere and ionosphere distur-
bance electric fields (Fejer—Scherliess model). By
using maximum dDst/dt indices instead of max-
imum negative Dst indices, the storm effects on
ionospheric scintillations in these events can be
categorized as ‘““Aarons criteria”.

Statistical analysis of Kp and scintillation indices
shows that most storms of the year have not
triggered the scintillation occurrence at Sanya. This
is because the maximum dDst/dt determined local
time (for station Sanya) is near the noon (or post-
midnight) sector for most storms of the year 2005,
which inhibited (or did not trigger) the post-sunset
(or post-midnight) scintillation occurrence.
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