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Local time variation of the amplitude of geomagnetic sudden commencements
(SC) and SC-associated polar cap potential
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Local time (LT) variations of the averaged H-component amplitude of geomagnetic sudden commencements
(SCs) observed at Memambetsu (geomagnetic latitude 35.4°) are derived separately for the summer and winter
season. The amplitude was found to be higher at nighttime than daytime in both seasons, and the LT variations
showed a good agreement with calculated LT variations of the resultant magnetic field due to a pair of field-
aligned currents (FACs) and ionospheric currents produced by the FACs. The DL- and DP-component of the
disturbance field of SC can be separated based on a comparison of the observed and calculated LT variations. A
method is introduced by which we can estimate the potential voltage difference associated with the FACs in the

polar cap.
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1. Introduction

According to the physical model of geomagnetic sudden
commencements (SCs) proposed by Araki (1977, 1994), the
disturbance field of SC, Dsc, is given by

Dsc = DPpi + DLmi + DPmi (D)

where pi and mi express the ‘preliminary impulse (PI)” and
‘main impulse (MI)’, respectively. The DL-field is domi-
nant at low latitudes and is produced mainly by the magne-
topause current enhanced after impinging of the interplan-
etary shock or discontinuity on the magnetosphere. The
DPpi- and DPmi-fields, which are dominant at high lat-
itudes, form an adjacent two pulse structure with oppo-
site sense and are produced by a pair of field-aligned cur-
rents (FACs) and ionospheric currents (ICs) produced by
the FACs so that it is expressed as

DPpi/mi. = DPpi/mi (FAC) 4+ DPpi/mi (IC)  (2)

The ionospheric equivalent current systems for the DPpi-
and DPmi-field show a twin vortex type caused by a
dusk-to-dawn and dawn-to-dusk electric field, respectively.
Tamao (1964) assumed that the high-latitude PI is produced
by an Alfven mode HM wave incident to the polar iono-
sphere. The associated horizontal electric field is transmit-
ted almost instantaneously to lower latitudes in the space
below the ionosphere to cause low- and middle-latitude PIs
(Kikuchi et al., 1978; Kikuchi and Araki, 1979).

The DPmi originates in the dawn-to-dusk convection
electric field enhanced after the sudden magnetospheric
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compression (Araki, 1977, 1994). The FACs and equivalent
ionospheric current system for the DPmi-field is schemati-
cally illustrated in Fig. 1. The pattern of the equivalent cur-
rent system for DPmi is assumed to be same as that for DPpi
given in Araki (1994), but the current direction is reversed.
If the location of footprints and distribution of the FAC are
different from those for DPpi, the pattern will be slightly
changed.

As the primary source of the DL-field is the enhanced
magnetopause current, it is expected that the H-component
amplitude (AH) of the main impulse (DLmi+DPmi) of
SCs observed at low latitudes should be larger on the day-
side than on the nightside. In actual fact, the SC amplitude
of the northward magnetic field at the geosynchronous or-
bit shows a simple LT variation which takes the maximum
around noon and minimum near midnight (Kokubun, 1983;
Kuwashima et al., 1985). Observations on the ground, how-
ever, are opposite to this expectation. Ferraro and Unthank
(1951) showed that the averaged AH of 55 SCs and 46 sud-
den impulses (SIs) observed at low- and middle-latitude sta-
tions is larger near midnight than in daytime. Russell et al.
(1992, 1994) studied 18 and 7 SCs which occurred during
the northward and southward interplanetary magnetic field
(IMF), respectively, and reported that the amplitude is larger
in the daytime during the northward IMF but it is reduced
in the daytime and enhanced in the nighttime when the IMF
is southward.

Araki et al. (2006) examined LT variations of the aver-
aged AH of more than 600 SCs at Memambetsu (35.4°
geomagnetic lat.), Kakioka (27.4°), Kanoya (21.9°), and
Alibag (10.2°). Although Alibag shows a comparable am-
plitude at noon and midnight, the three Japanese stations
obtain their maximum around midnight, with a secondary
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Fig. 1. Electric current system for the DPmi-field of SC. Left panel: FAC (red) shows field-aligned currents due to enhanced magnetospheric convection
after a sudden compression of the magnetosphere. Brac (green) shows the FAC-produced magnetic field. Right panel: ionospheric equivalent current

system for DPmi.

peak near noon and the minimum around 8 LT. They also
checked the IMF dependence of the LT variation of A H and
found that AH is larger in nighttime regardless of the IMF-
B. polarity but that the size of the LT variation becomes
larger during the southward IMF. They interpreted the LT
variation of the SC amplitude described above by a resultant
magnetic field of the FAC that is responsible for DPmi and
FAC-produced IC (denoted by ICgac hereafter). Shinbori
(private communication) confirmed these results by a sta-
tistical analysis of more than 2300 sudden magnetospheric
compression events.

Kikuchi et al. (2001) analyzed the LT variation of the
amplitude of positive PIs (PPIs) (Kikuchi and Araki, 1985)
observed at low- and middle-latitude stations. Kikuchi et
al. (2001) pointed out that the contribution of the magnetic
fields due to the FAC for DPpi is important for the interpre-
tation of PPIL. These researchers calculated LT variations of
the H-component PI amplitude due to both the FACs and
ICrac by giving a polar cap potential on the thin shell iono-
sphere with realistic conductivities, including LT and latitu-
dinal variation and weak auroral enhancement.

The description above suggests that the FAC-produced
magnetic field is an important consideration when interpret-
ing the disturbance field of SCs even at low and middle lat-
itudes.

In this paper we derive the LT variation of the averaged
H -component amplitude of SC at Memanbetsu for the sum-
mer and winter seasons separately and compare it with cal-
culations of the magnetic fields due to FACs for DPmi and
ICgac. We then show a method to estimate both DLmi-
and DPmi-field and polar cap potential difference associ-
ated with the DPmi-field.

2. Observed and Calculated LT Variation of the
Averaged SC Amplitude

The left panels of Fig. 2 show LT variations of the aver-
aged AH of SCs observed at Memambetsu. The amplitude
is taken from the SC list provided by the Kakioka Geomag-
netic Observatory and averaged in each hourly bin. It was
derived separately for the summer (upper panel) and win-
ter (lower panel). The blue curve was obtained by taking a
running average of 3 h, and the red curve was obtained by

taking a second running average of 3 h. A total of 634 SCs
were observed in the 1957-2003 period; these are divided
into four seasons, and so about one fourth of the events are
used for each summer and winter season. Therefore, the
curves in the left panels are not as smooth as the LT vari-
ation for the 634 SC events shown in Araki er al. (2006).
The hourly standard deviation is 13—56 nT in summer and
7-25 nT in winter, with a range of 16-37 nT for the LT
variation of the total 634 events.

The following characteristics of the LT variation of AH
can be determined from Fig. 2:

(A1) Both LT variations commonly show the maximum
near midnight and the second maximum on the dayside.
They also show the minimum at 7-8 h LT and the second
minimum in the evening.

(A2) The size of the LT variation is about 52 nT in the
summer and 16 nT in the winter.

In two right panels of Fig. 2, we plotted calculated LT
variations at 35° geomagnetic latitude of the H-component
magnetic field due to a pair of FACs and ICgac. The maxi-
mum FACs flow into (out from) the ionosphere at 7 h (17 h)
magnetic local time (MLT) and 75° geomagnetic latitude.
Realistic conductivities which depend upon LT and latitude
and include weak auroral enhancement were given on the
thin shell spherical ionosphere.

The intensity of the FACs was adjusted so as to produce a
100-kV potential difference between their maximum points
in the polar cap. In actual fact, these magnetic fields were
obtained by reversing the sense of the calculated magnetic
fields in Kikuchi et al. (2001) where they assumed FACs
produced by a dusk-to-dawn magnetospheric electric field.

Based on the right panels we can derive the following
statements:

(B1) In both summer and winter the IC-field reaches the
maximum around noon and the negative minimum at 7—
8 h LT. It is almost zero near midnight, reflecting low
conductivities of the ionosphere. The FAC-field reaches the
positive maximum at midnight and the negative minimum
at noon.

(B2) The size of the LT variation of both IC- and FAC-field
is larger in the summer than the winter.

(B3) The resultant magnetic field (FAC+IC) due to both
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Fig. 2. LT variations of H-component amplitude. Upper panel: summer, lower panel: winter, left: SC observed at Memambetsu, right: calculation at
35° geomagnetic latitude where FAC (red solid line), IC (red dashed line) and FAC+IC (black solid line) show H-component magnetic fields due to

FAC, ICgac, and both currents, respectively.

FAC and IC reaches the maximum near midnight, with a
second peak near noon; the minimum is reached near 8 h
LT, with a second minimum around 18 h LT.
(B4) The size of the LT variation of the resultant field is
20 nT in the summer and 14 nT in the winter.

By comparing the left and right panels in Fig. 2, we can
say that the calculated LT variation agrees reasonably well
with the observed one in both the summer and winter season
although the LT of the maximum and minimum amplitude
is slightly different.

3. Estimation of the DLmi- and DPmi-field and
Polar Cap Potential Difference Associated with
DPmi

Here, it is assumed that the DLmi-field does not depend
upon LT so that the observed LT variation is due to the LT
variation of the DPmi-field produced by the FAC and ICgac.

We adjusted the amplitude scale of the two left panels
in Fig. 2 so that the maximum and minimum amplitude of
the LT variation coincide with the calculated maximum and
minimum amplitude in the two right panels, respectively.

Then, comparing the left and right panels, we can determine

the zero level of the LT variation of the observed DPmi-

field, as shown by thick green horizontal lines. This zero

level of the DPmi-field corresponds to the observed DLmi-

field. By adopting this approach, we were able to obtain the

DLmi-field as 28 nT for summer and 18 nT for winter.

The FAC used in the calculation in Fig. 2 is adjusted to

produce a 100-kV potential difference between the foot-
prints of the maximum and minimum intensity. This FAC
and ICgac cause the LT variation of the resultant magnetic
field to be of a magnitude of 20 nT in the summer and 14 nT
in the winter. On the other hand, 52 nT is found in the sum-
mer and 16 nT in winter for the size of the LT variation of
the averaged SC amplitude. If we assume that the observed
LT variation is caused by the combined effects of the cal-
culated FAC and ICgac, the polar cap potential difference
due to the FACs should be 52/20 x 100 = 260 kV in the
summer and 16/14 x 100 = 113 kV in the winter. These
are the averaged potential differences which produce the LT
variation of the averaged SC amplitude.

4. Discussion

The physical model of SC used here (Araki, 1977, 1994)
is essentially consistent with the computer simulations of
SC phenomena by Fujita et al. (2003a, b, 2005). This means
that the decomposition of the Dsc into the DL- and DP-field
is physically meaningful. The reasonable agreement be-
tween the calculations and observations in Fig. 2 also sup-
ports the validity of the model. It has not been possible,
however, to estimate both the DL and DP field separately
from the observed Dsc. A conventional approach is to treat
low-latitude SCs as the pure DL-field, but it is not clear if
the DP-field is negligibly small there. Here we have shown
a method which can estimate each DLmi- and DPmi-field
and the DPmi associated polar cap potential quantitatively
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by comparing the observed LT variation of the SC ampli-
tude with the theoretical calculation based upon the pro-
posed SC model.

Although the pattern of the calculated LT variations for
both the summer and winter seasons is similar with the ob-
served pattern on a whole, there is a difference between the
calculated and observed LT of the maximum and minimum
of the LT variations. Also, the polar cap potential differ-
ence obtained is much larger than that usually considered.
These are primarily because the calculation in this analysis
was not designed to interpret directly the observed LT vari-
ations described here. We utilized the results of Kikuchi
et al. (2001) calculated for the DPpi by reversing the cur-
rent direction. We will be able to obtain a better agreement
between the observations and calculations by adjusting the
parameters of the calculation (location and distribution of
the FACs and ionospheric conductivities). Auroral enhance-
ment of the conductivities strongly affects the potential dif-
ference in the polar cap. The calculation used here assumes
a geomagnetic quiet state with a small auroral conductiv-
ity enhancement. If the enhancement is larger, the potential
difference will become smaller. Moreover, we need more
events in order to obtain a smoother LT variation of the ob-
served SC amplitude.

It is physically important to study which of the constant
voltage and current source fits with observations. In quan-
tifying the agreement between the observed LT variations
with the calculations for the two kinds of the sources, we
will be able to obtain a solution of this problem.

Here, we have described the method under consideration
by using SCs observed at one station, Memambetsu, but it
is desirable to use data at several stations situated at dif-
ferent latitudes from the equator to higher latitudes and to
select a combination of parameters of the calculation which
best fits a set of the observations. Shinbori et al. (2009)
has derived LT variations of averaged amplitude of mag-
netospheric compression events at six stations in the 0—45°
geomagnetic latitude range. These results can be used in
future studies.

Although we have compared the calculated LT variation
with that of averaged SC amplitude, the method is appli-
cable for one particular SC if a reasonable LT variation of
the amplitude of the SC is obtained. Araki et al. (2006)
showed clear LT variations for two SCs which occurred dur-
ing northward and southward IMF. Adjusting the parame-
ters of the calculation to each SC, we will be able to know
IMF-dependence of the FAC and ICgsc and the polar cap
potential associated with the SC.

Through this analysis we recognized that the theoretical
calculation described above is effective to study SC phe-
nomena. The global distribution of ICs (including their day-
time enhancement in the equator) due to a pair of FACs was
calculated by Tsunomura and Araki (1984) at first. Osada
(1992) evaluated LT and latitudinal dependence of magnetic
fields due to the FAC and ICgxsc separately for PI and MI.
Tsunomura (1998, 1999) derived LT variations of the H-
and D-component due to the FACs and ICs for different
models for the FAC and ionospheric conductivities. Here,
we have simply introduced a method for quantitative es-
timation of the DLmi- and DPmi-field and the associated
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potential difference. By refining the calculation and using
more detailed observations for the LT variations at different
latitudes, we will be able to obtain more physically reason-
able results.
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