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Abstract

Characteristics of geomagnetic storms observed in Japanese chain observatories,
Memambetsu, Kakioka and Kanoya are examined on the basis of routine reports, statistics of
one-minute magnetic data and a numerical simulation. Stacked records of the one-minute
magnetic data for geomagnetic storms starting with SSCs at Kakioka and Memambetsu, show a
signature of direct contribution of the ring current in the Z-component for the period of one day
or more, although somewhat reduced due to the shielding effect of the Earth’s electromagnetic
induction. A rough estimation of the ratio of the internal field to the external one using the H-
and Z-components for that period range agrees well with that given by Rikitake and Sato (1957).
It is imagined that the Z-component at Memambetsu, where the local conductivity anomaly
effect is smaller than Kakioka, can be used as one of the realtime monitoring tools to estimate
the ring current strength. It was shown that, however, the property of complicated secular
variation of the Z-component around Japan should be sufficiently clarified before examining
long term variations. Diurnal variation patterns in storm periods were shown in the stacked
records dividing to local time blocks of Kakioka. They are possibly attributable to the effect of
field-aligned currents and the resulting ionospheric current systems. The variation pattern of the
geomagnetic storm of February, 11, 1958, which recorded an extremely large range for the D-
component among the geomagnetic storms from the IGY to the present, is briefly examined as a
case study. It is shown that the D-component variation associated with a negative bay in the H-
component just after the SSC contributed to gain the range of the D-component. It is suggested
that case studies of geomagnetic storms will remain to be important in future, including the
studies for negative bays observed in middle and low latitudes in the noontime.

1. Introduction

Geomagnetic disturbances observed in middle and
low latitudes show less spatial irregularities than those
in high latitudes because these regions are distant from
the origins of disturbance. Since the variation pattern
looks simple, qualitative models or theories for
geomagnetic disturbances in middle and low latitudes
were constructed from the last century and almost
established in the two decades after the International

Geophysical Year (IGY) which was operated from
1957 to 1958. As used to derive Dst index, the
magnetic variations in low latitudes are now regarded
as representing the whole magnetospheric process
without severe locality. In 1980’s, interests of scientists
have been mainly directed to the phenomena in the
interplanetary the outer
magnetosphere and the polar region.

Nevertheless, it is far from the truth that

space, inner and
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geomagnetic disturbances in middle and low latitudes
are fully understood quantitatively. Although many
qualitative studies have been developed since the IGY
using analogue data, precise discussions or statistical
studies on the basis of digital data have not been
completed. They show rather complicated time
changes and/or spatial variations when they are
examined precisely.

Recently, the number of studies for geomagnetic
disturbances in middle and low latitudes is increasing
as magnetic data have been accumulated in wide area.
On the basis of high time resolution magnetic data,
new findings and/or confirmations for the existing
models of geomagnetic disturbances in middle and low
latitudes have been obtained (e. g. Russell et al., 1992,
1994a, b; Yumoto et al., 1992, 1994, 1996; Yumoto
and the 210° MM Magnetic Observation Group, 1995,
1996; Itonaga et al., 1992, 1995). On the other hand,
some statistical results have been obtained using long-
term data obtained at routine observatories (e. g.,
Takahashi et al., 1992; Tsunomura, 1995, 1998).
Quantitative studies have been and will be further
developed in the Solar Terrestrial Energy Program
(STEP) and STEP-Results, Applications, and
Modeling Phase (S-RAMP) periods, respectively, to
clarify more precisely geomagnetic disturbances in
middle and low latitudes, because the research is
important as one of the subjects of the magnetosphere-
ionosphere coupling problem.

In this paper, the average features of geomagnetic
storms and their likely interpretations by the existing
theories will be presented, on the basis of magnetic
data and reports, accumulated for a long time in the
routine observatories, and a numerical simulation. It is
purposed to be one of the first steps of the quantitative
analysis of geomagnetic storms in middle and low
latitudes. The results will be useful for further studies
in this field as a reference showing basic characteristics
of geomagnetic storms observed in middle and low
latitudes.

2. Average features of geomagnetic storm as
observed in low latitudes

Since the IGY, routine reports for the parameters

of geomagnetic storm, sudden impulse, bay and solar

flare effect at the Kakioka Magnetic Observatory

(KAK) and its two branch offices at Memambetsu

(MMB) and Kanoya (KNY) have been continuously

issued in the series of 'Report of the Geomagnetic and
Geoelectric Observations (Rapid Variations) (1957-
1984)' and 'Report of Kakioka Magnetic Observatory
(1985-1992)'. The reported parameters for the 20 high
ranking geomagnetic storms in the range of the H-
component from 1957 to 1997 are listed in Table 1 as a
sample; it is noteworthy that the largest storm since the
start of the magnetic observation at KAK was the event
of July 04, 1941, the range in the H-component of
which exceeded 700 nT. A machine-readable file for
those at KAK from 1957 to 1985 were made by
Okamoto and Fujita (1987) and updated to 1992 by
Tsunomura (1995). There are two kinds of
geomagnetic storm, that is, an SSC geomagnetic storm
and an Sg one. The former starts with a storm sudden
commencement (SSC), that is, a step-like increase of
the H-component with a rise time of about a few
minutes. The latter starts without a definite onset.
Hereafter these will be called an SSC storm and an Sg
storm, respectively.

Fig. 1 shows comparisons of time variations of
the sunspot number and occurrence numbers of SSC
and Sg storms detected at Kakioka. This figure is
somewhat different from Fig. 10 of Nagai (1983)
because the criterion to decide a geomagnetic storm is
different from that of Nagai (1983) for the pre-IGY
period. Here, the values for the period from 1924 to
1951 were taken from the lists of Yokouchi (1953) and
those for the period from 1952 to 1956 from lists of the
succeeding research (Yokouchi, private communi-
cation). It should be noted that the criteria to judge or
classify a storm have not been completely the same
before and after the IGY. There can be clearly seen that
the time variation curve of the number of SSC is
almost parallel with that of the sunspot number,
whereas the occurrence number of the Sg storm shows
a poor correlation with that of the sunspot number.
These features are nearly the same as noted by Nagai
(1983) though his result for the SSC storm shows
much higher correlation with the sunspot number.
There can be seen double peaks in the occurrence
number of SSC in some solar cycles. This fact may be
related with the double peaks of the ring current
activity centering the sunspot maximum presented by
Vennerstrem and Friis-Christensen (1996). According
to the empirical fact that the peak sunspot number has
been larger for the odd number cycles than for the even
number cycles, the peak sunspot number and the
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Table 1 List of 20 high-ranking gecmagnetic storms observed at Kakioka from 1957 to 1997.
Rank |Date Storm Time U.T. Sudden commencement K |Range

begin.|main phase|last phase | end. [Type|Q| H D 4 H|{D|Z

ym d hm d h d hl d h nT min| nTmin{ nT min nT! nT| nT

111989 3|13 0127] 13| 01.9] 14| 00. 4/15 22{SSC% (A| 43| S| -7| 0] 18] 5| 9| 644| 351|205
47 3

2|1982] 7|13| 1617 13| 18.0( 14/ 00.5|C SSCx|A[114| 4| -1 1| 70| 5] 9| 630| 297| 381
3] 2

31958 2111 0126] 11f{ 03. 6| 11| 11.3]13 06]|SSC# [A| 48| 1| 40| 1] 19; 1| 8] 617 469] 237

=72 1|-24] 1]-31] 1

411959| 7[15] 0802| 15| 08.7[ 15| 19.3[17 02]SSC |A| 46| 3| 1| 1| 40| 3| 7| 533| 174|159

511967| 5|25 1235] 25| 20. 3| 26| 04. 4/29 20{SSC# (A| 91| 2{ -8 O] 55| 3| 8] 509 138192
47| 3

6]1991] 3]|24] 0341 27 20|SSC |A|202] 1| 88] 1| 59| 1] 9] 503| 204| 199

711957 9{13| 0045 13| 01.6{ 13| 09.8/14 16]|SSC# [A| 25| 2| -5| 1| 12| 2| 8 486] 224|163
38 2

8/1958| 7| 8| 0748 8] 10.9 8] 21.5/10 11|SSC# (A| 116 2| -3| 1| 70] 3| 8] 472| 196( 137
] 28] 3

9{1992| 5| 9] 1958/ 10/ 03.0] 10| 12. 112 O7{SSC |A|101| 2| 12[ 1] 55| 2| 7] 426! 209|109

10[1960]11]12| 1348] 12| 18.2| 13| 10.4]14 23]SSC [A] 41 3| 13| 3| 27| 3| 8] 417] 239 252

11]1960| 4(30] 1213] 30| 12.8( 30| 18.8(01 20{SSC+ |A| 124| 2| -2| O 47| 2| 8| 380| 150|174
62 2

12]1991]11| 8| 0648 8] 13.3 9] 08. 910 03|SSC (A| 15| 2| 5| 2| 8| 3| 7] 372| 237|159

13| 1972| 8| 5] 1400 5/ 19.9 6] 08. 7|07 18|SSC |B| 54| 3| 16] 3| 35| 3| 9] 359] 332|230

14]1990( 4| 9| 0843 9] 09. 6 9| 12.0{11 24|SSC |A| 24y 2| 12| 2| 14| 2} 7] 354] 122| 98

10{ 00. 8] 10] 14.9
15]1982| 9(21] 0339 21| 22.3| 22| 06.6(23 21|SSC+)A| -2 | =3| 1| -1| 1] 7] 341| 175|129
39| 2| 250 2| 16| 2

1978| 8|27|] 0246 31 20|SSC |A| 27| 4 10| 3| 14 4| 7| 341| 146|127

1711991 7] 8] 1636 9| 06. 2 9] 11. 910 14|SSC [A}146] 2| 36] 2| 82} 3| 7| 340| 158] 143

18]1983] 2| 4] 1615 4 17.1 5{ 09.5/06 20|SSC |[A| 92| 1| 23] 2| 50 2| 8] 335| 168125

19]1961] 7[13] 1113 13| 14.6 15 17|SSC Al 53| 4| 21} 3| 31| 4] 7| 334] 99]132

2011959| 7/17{ 1636] 17 18.2| 18] 07.0/19 19|SSC |A|100] 5] 25| 4| 76| 5| 7| 330( 236{ 183

occurrence number of SSCs will be possibly larger in
the coming solar cycle 23 than the cycle 22.

Since there are many events reported so far, it is
worth to examine the statistical features of the reported
geomagnetic storms. One-minute magnetic data at
KAK, MMB and KNY have been stored since 1976,
1985 and 1985, respectively, almost without data
missing. There have been also one-minute magnetic
data at an unmanned station, Chichijima (CBI) since
1989. Geographic and geomagnetic coordinates at
these stations are listed in Table 2. Declination gap is
the difference of the direction of the geomagnetic
dipole meridian from that of the local geomagnetic
north. Here, a superposed epoch analysis for SSC
storms is made using the one-minute data at KAK and
MMB similarly as Tsunomura (1995) and Tsunomura
(1998). The data are converted to the geomagnetic
dipole coordinate system at first and then a monthly
diurnal variation pattern obtained by averaging the data

in the international five quiet days in each month is
excluded. Figs. 2 and 3 show average variation patterns
of geomagnetic storms at KAK from 1976 to 1992 and
MMB from 1985 to 1992, respectively. The pattern is
derived superposing SSC storms arranging to the onset
of their SSCs; in the figure, the SSC is arranged at two
hours after the start of each graph. The length of each
graph is 48 hours in time and the vertical bars in the
left indicate 20 nT magnetic variation. The number in
the rightmost is that of the events stacked.

For both stations, the H-component shows a sharp
increase immediately followed by a decrease with the
time range of nearly two days and the D-component is
almost flat. The pattern of the H-component reveals the
average pattern of SSC and the succeeding
development of the ring current, like the variation form
usually observed. On the other hand, the pattern of the
D-component is far from that of the actually observed;
large disturbance fields are appeared superposing on
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Fig. 1

Time variation of the occurrence numbers of SSC (upper panel) and Sg geomagnetic storms (lower panel) reported by the

Kakioka Magnetic Observatory. The time variation of the sunspot number is shown for comparison; the solar cycle numbers are
shown at the bottom. Note that the criteria to classify a storm have not been completely constant for all the period.

the Sq in the D-component during storm periods. The
fact that the average pattern of the D-component is
almost flat possibly reveals that the disturbance field in
the storm field is a cyclic variation with local time or a
completely random one for the D-component. Note
that the SD field of the eastward component shows a
sinusoidal variation (Sugiura and Chapman, 1960).
This is different from the situation for the H-
component for which the effect of the ring current acts

like a bias for all the local times.

The Z-component variations at both stations look
quite different for the SSC and the succeeding period
of nearly half a day. They show similar pattern for the
period after about a half day after the SSC. For a time
varying magnetic field the origin of which is located
outside the Earth (external origin), the Z-component
suffers the shielding effect of the conducting Earth.
Meanwhile, the secondary Z-component magnetic field

Table 2 The Japanese geomagnetic observatories used in this paper.

Geographic’ Geomagnetic .
Station Name Abbreviation  Latitude  Longitude  Latinde  Longitude  purmron)
(Degree) (Degree) (Degree) (Degree)
Memambetsu MMB 43.90 144.20 34.93 210.78 16.0
Kakioka KAK 36.23 140.18 26.94 208.29 135
Kanoya KNY 31.42 130.88 21.44 200.35 10.0
Chichijima CBI 27.15 142.30 18.11 211.30 9.7

* The values are reprinted from World Data Center C2 for Geomagnetism DATA CATALOGUE (1996).
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Q-Day mean removed stack of SSC (1976-92) at KAK (Dipole frame)
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Fig. 2 The average magnetic variation of geomagnetic storms starting with SSC at KAK from 1976 to 1992. The length of each graph
is 48 hours in time and the length of the bar at the left corresponds to 20 nT magnetic variation. The number in the right is that
of the events to take the average. The bars on each graph denote standard errors.

Q-Day mean removed stack of SSC (1985-92) at MMB (Dipole frame)
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Fig. 3
and the meanings of numbers are same as Fig. 2.

is produced by electromagnetically induced Earth-
currents, which flow under the ground. This Z-
component variation appears if the distribution of the
Earth-current is inhomogeneous due to the anomaly of
the electrical conductance under the observation site (e.
g. Rikitake and Honkura, 1985, pp. 201 or 297). The
rapid increase of the Z-component at KAK
corresponding to the SSC is due to the CA effect which
definitely appears at KAK (Yanagihara, 1965, 1972;
Yanagihara and Nagano, 1976; Fujita, 1990; Fujiwara
and Toh, 1996). The gradual variation for the later part
in the Z-component, similarly seen for both the stations,
is thought to denote the direct contribution of the ring
current, which is not perfectly reduced by the Earth’s
electromagnetic induction. This situation is briefly
illustrated in Fig. 4. For the case of the ring current, the
ratio of the internal field to the external one can be
roughly estimated by solving the following equations
(Rikitake and Sato, 1957),

AX =—(e, +i;)-sinb,

. )
AZ = (e, —2i))-cos8,

The average magnetic variation of geomagnetic storms starting with SSC at MMB from 1985 to 1992. The style of the figure

observed

4
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Fig. 4 lllustration of the modulation of the ring current magnetic
field due to the Earth’s induction.

where AX and AZ are the excursions of the H- and
Z-components for the gradual variation, e, and /, the
external and internal components of the first degree
zonal harmonics for the corresponding magnetic
potential and 6 colatitude. The ratios of the internal
to external potential strength thus obtained are 0.35 at
both of KAK and MMB; this is nearly the same as the
value, 0.37-039, derived from a case study by Rikitake
and Sato (1957). Hence, the gradual variation of the Z-
component most likely reveals the time variation of the
ring current. That is apparent only for the later half of
the curve at KAK (Fig.2), whereas soon after the SSC
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at MMB (Fig.3); this is because the CA effect is small
at MMB. In the Z-component at MMB, variations due
to the CA effect for SSCs and/or bay disturbances do
not largely appear in usual.

If one can exclude the effect of the Sq, therefore,
the Z-component at MMB can be used as one of the
realtime monitoring tools to estimate the ring current
strength. However, before using the Z component at
MMB to discuss the long-term variation of the ring
current strength, it is necessary to exclude the effect of
the secular variation of the internal origin of the Earth.
One of the methods to evaluate the secular variation of
the internal field on the ground is to calculate the
magnetic field using the DGRF and IGRF models.
Time changes of the difference of the observed
horizontal, vertical and total intensities and declination
at KAK from those calculated using the DGRF and
IGRF models to the tenth degree (Barton, 1997) are
shown in Fig. 5. There can be seen large time changes
in the figure except for the H-component. This may be
due to the situation that the quality of the DGRF and
IGRF coefficients, which basically depends on the
number of the observation points to derive them, have
not been constant for the long time period. Fujiwara et

al. (1998) reported that a finer resolution is necessary
to discuss the long-term change of the F-component
around Japan. The F-component is very much
correlated with the Z-component as can be seen in the
figure. It should be necessary to develop more accurate
method to estimate the internal field contribution for
the secular variation of the Z-component, before
discussing the long-term variation of the external
origin in the Z-component.

To see the variation forms of the SSC storm in
another viewpoint, stacked records of SSC storms at
KAK divided for eight local time blocks are shown in
Fig. 6. Each graph is the average of the SSC storms
whose onset is in the time range denoted in the
leftmost. The onset is situated after two hours from the
start of each graph in the figure. The length of each
graph is 24 hours and the vertical bars in the left
indicate 50 nT magnetic variation. The number in the
rightmost is that of the events stacked. The H-
component shows nearly the same variation forms with
a slight difference due to a diurnal pattern being
positive in the morning and negative in the evening. It
can be seen a clearer diurnal pattern in the D-
component; positive from the premidnight to the early

KAKobs-igrf
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Fig. 5 Secular variation of the differences of the observed monthly means of horizontal intensity (KAK-H), declination (KAK-D),
vertical intensity (KAK-2Z) and total intensity (KAK-F) at KAK from the calculated values using DGRF and IGRF model fields.

Note that the unit for KAK-D is different from those for others.
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Q-Day mean removed stack of SSC (1976-92) at KAK (Dipole frame)
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Fig. 6 Average magnetic variations of geomagnetic storms started with SSC at KAK from 1976 to 1992. The data are divided to eight
local time blocks. The length of each graph is 24 hours in time and the length of the bar at the left corresponds to 50 nT
magnetic variation. The number in the right is that of the events to take the average. The bars on each graph denote standard
errors.

Diurnal pattern of SSC (1976-92) at KAK (Dipole frame)
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Fig. 7 Average diurnal variations during geomagnetic storms started with SSC at KAK from 1976 to 1992. The plot style is the same
as that of Fig. 6.

morning and negative from the late moming to the Fig. 2) from the values in Fig. 6. Here, the diurnal
evening. Fig. 7 shows the average diurnal variation  variation patterns are clearly seen in all the
patterns by subtracting the all-day means (shown in components. The amplitude of the diurnal variation in
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the H-component is larger than that of the D-
component. These diurnal patterns are thought to be
different from those of the solar diurnal variation
because they are not apparent before the SSC; the
patterns are similar to those of the SD fields of
geomagnetic storm shown by Sugiura and Chapman
(1960). It is expected that these diurnal variation
patterns are most likely attributed to the field-aligned
and the ionospheric currents’ effects during
geomagnetically disturbed periods.

There is an interaction between the ionosphere
and the magnetosphere as a response to the impressed
electric field from the solar wind. The magnetospheric
electric field is reduced in the low latitude ionosphere
by the shielding effect due to the electric charge
produced in the Alfvén layer. The efficiency of the
shielding effect depends on the time scale of the
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phenomenon; the effect is apparent for the time-scale
larger than about half an hour (Senior and Blanc, 1984).
Kikuchi et al. (1996) discussed the penetration of the
polar-originating DP2 electric field to low latitudes
considering the shielding mechanism. In a storm
period, when the magnetospheric convection is
enhanced and the strength of the region 1 field-aligned
current is enhanced, that of the region 2 field-aligned
current will also be enhanced accordingly. The diurnal
variation patterns of the H- and D-components
possibly reveal the magnetic effects due to the
combined effects of the enhanced field-aligned
currents and the resulting ionospheric current systems.
It is worth to examine whether the observed diurnal
variation patterns are reproduced theoretically.

Fig. 8 is a copy of Fig. 7 of Tsunomura (to be
published) showing local time profiles of the D- and
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Fig. 8 Local time profiles of the D- (left panels) and H- (right panels) components of the magnetic fields at 60°, 30° latitudes and the
equator calculated for three models of the source current composition. Solid, dotted and dashed lines are for the results with
the ratio of the region 2 current intensity 0.0, 0.5 and 1.0 to that of the region 1 current, respectively as labeled on each curve,
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H-components at 60°, 30° latitudes and the equator
derived from a numerical simulation. The values
shown in the figure are the ones obtained from the
overhead ionospheric current and the field-aligned
currents. The ionospheric current contribution at the
equator is derived through the calculation by Biot-
Savert’s law for the electric current flowing in the
narrow region of the equatorial electrojet. The figure
shows the values putting the total strength of the region
2 field-aligned current as 0.0 (solid), 0.5 (dotted) and
1.0 (dashed) of that of the region 1 field-aligned
current, respectively. The distribution of the field-
aligned current density is given based on those in the
quiet period shown by lijima and Potemra (1976).
Negative daytime fields are seen in the H-component
at the equator (bottom right) for the curve of the ratio
of 1.0; that means the strength of the shielding field is
nearly twice as large as that of the original field.
Thinking of the mechanism of the shielding, it is
decided that the ratio of 1.0 is too large. It is
noteworthy that the SD variations in the H-component
do not show the equatorial enhancement as shown by
Sugiura and Chapman (1960). The ratio of the strength
of the region 2 field-aligned current to that of the
region | was estimated nearly half in the steady state of
Senior and Blanc’s (1984) simulation. Considering
these, the ratio of 0.5 is expected to describe the storm
time signature best.

However, the curves for the ratio of 0.5 in the
middle panels (for 30° latitude) do not match those of
Fig. 7; the diurnal patters are not clearly seen in Fig. 8.
The difference in the amplitudes between the H- and
D-components are not also apparent in Fig. 8. The
simulation needs some modifications to explain the
observed features. Crooker and Siscoe (1981)
suggested a simple model which twists the double
rings of the region 1 and 2 field-aligned current
systems, to explain the low latitude asymmetric
disturbance fields. In their model there appears an
equivalent anti-sunward current in the noon-midnight
meridian, which mainly contributes the asymmetry of
the H-component during the developing stage of
geomagnetic storms. By a rough estimation, the field-
aligned currents suggested by Crooker and Siscoe
(1981) give diurnal patterns in the low latitude
magnetic fields. lyemori (1990) showed that the
similar current system is apparent during the main
phase of geomagnetic storms. A numerical calculation

taking into account of the relative shift of the region 1
and 2 field-aligned currents and the partial ring current
system should be made in future.

3. Variation forms of geomagnetic storms

In the previous section, the average magnetic
variation patterns were shown and it is shown that they
can be attributed to the contribution of the field-aligned
currents and the resulting ionospheric current systems.
However, it should be noted that the diurnal patterns
shown in Figs. 6 and 7 are only the averages. The
actual individual event must have some features
different from the average pattern. One of the most
pronounced events showing a characteristic variation
pattern is the SSC storm of March 24, 1991. The
morphology of the SSC of this event was precisely
examined by Araki et al. (1997) and briefly by
Tsunomura (1998) but is not fully understood. The
study of each event, especially for large events such as
those of March 24, 1940, July 04, 1941, February 11,
1958, August 05, 1972 and July 13, 1982, remains to
be important to clarify the process of geomagnetic
storms precisely.

Fig. 9 is a scatter plot of the ranges of the D-
component against those of the H-component for the
geomagnetic storms reported at KAK since the IGY.
Although the ranges for the H- and D-components are
controlled by different sources, these ranges show
some relationship (the correlation coefficient is 0.43).
It can be seen that there is an event with extremely

Geomagnetic storm ranges at Kakioka
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Fig. 9 Scatter plot of the ranges of the D-component vs.
those of the H-component for the geomagnetic storms
observed at KAK from 1957 to 1997.
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large D-component range. This is the geomagnetic
storm of February 11, 1958 whose range of the D-
component is 469 nT, as listed in Table 1. This event
was the famous one because an intense low latitude
aurora was observed in Hokkaido district during its
main phase (‘REPORT OF THE AURORAS
OBSERVED AT MEMAMBETSU THROUGH 1958
AND 1960°, 1969; Tsunomura et al., 1990). The large-

MMB

S. Tsunomura et al.

scale equivalent currents originated in the polar region
for this event were analyzed by Nagai (1964). Here,
the variation form of this event observed at the
Japanese stations is reexamined.

Fig. 10 shows the magnetic records at MMB,
KAK and KNY for this event. Note that the upward
direction is westward for the D-component in the
figure. The hatched parts indicate the periods when the
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Fig. 10  Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 11, 1958. Note that the upward is westward

for the D-component.
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brightness of the low latitude aurora observed at MMB
was enhanced (Tsunomura et al., 1990). It is noted that
the variation form of the SSC in the H-component is
quite different from the average form of SSCs; a rapid
negative impulse followed immediately after the onset
of the SSC. It can be inferred that this variation form
manifests the signature of the DPy-field in this area as
suggested by Tsunomura (1998). It is also interesting
that a negative variation with the duration of about one
hour appeared just after the SSC in the H-component;
the variation looks like a negative bay usually observed
in high latitudes. A similar negative-bay-like variation
was observed just after the SSC of March 24, 1991.
These negative bay events may be one of the future
subjects to be clarified. The long-term D-component
variation is roughly parallel to the average variation
pattern shown in Figs. 6 and 7, whereas a rapid
variation corresponding to the negative bay in the H-
component above mentioned is not included in the
average pattern. The rapid variation contributes to
make the range of the D-component very large.
Therefore, the large D-component range for this event
did not indicate only the enhanced magnetospheric
convection. As this case shows, the full understanding
of geomagnetic storms cannot be achieved without
precise investigations of each event in the future
analysis.

4. Concluding Remarks

In this paper, average variation patterns of SSC
geomagnetic storms is presented by making a
superposed epoch analysis of one-minute magnetic
data at KAK and MMB. It was shown that the gradual
time variation pattern in the Z-component reveals the
direct contribution of the time change of the ring
current. It is imagined that the Z-component at MMB
can be used as one of the monitoring tools to estimate
the ring current strength. After roughly checking the
geomagnetic secular variations at Kakioka, it very
difficult to exclude the internal origin from the secular
variation of the Z-component, which is necessary
before examining long-term variations.

It is shown that the diurnal variation patterns are
seen in the H- and D-components in the storm time.
The patterns are basically the same as those of the SD
fields of geomagnetic storm shown by Sugiura and
Chapman (1960). The derived patterns are compared
with the results of a numerical calculation but did not

match sufficiently. Calculations taking into account of
the modified distribution of region 1 and 2 field-
aligned currents suggested by Crooker and Siscoe
(1981) and the partial ring current system should be
operated in future.

Case studies remain to be important to discuss the
process of geomagnetic storm. A brief case study for a
geomagnetic storm with a large D-component range
shows that the D-component range for the storm was
enhanced due to the magnetic variation associated with
a negative bay in the H-component in the daytime. The
plots of magnetic records in Japanese stations for large
geomagnetic storms from 1985 to 1997 were presented
for the use of further studies and as a catalogue for the
watching of geomagnetic storms, prepared for the
coming solar maximum period of the solar cycle 23.

Appendix

The plots of the magnetic records at MMB, KAK,
KNY and CBI for the geomagnetic storms from 1985
to 1997 with a range of the H-component at KAK
larger than 150 nT are shown in Figs. A-1 to A-79. The
start time, type and the ranges in the H-, D- and Z-
components of the storms are listed in Table A-1. The
type ‘SSC*’ means the SSC for the storm is preceded
by a preliminary impulse. This set will be available as
a catalogue of geomagnetic storm, prepared for the
coming high-activity period of the solar cycle 23,
where it is predicted that the maximum sunspot
number will be in the range of 16030 (Joselyn et al.,
1997).
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Table A-1 List of geomagnetic storms

Range

No. Year Month Day uT Type H D 4
A-1 1985 1 27 17.7 Sg 174 79 52
A-2 1985 2 27 19.8 Sg 156 74 60
A-3 1985 4 20 0310 SSCx 227 145 82
A-4 1985 4 26 020 Sg 158 75 60
A-5 1985 4 30 0923 SSC* 176 58 70
A-6 1985 11 29 0808 SSC 157 150 86
A-1 1986 2 6 1312 SSC 310 239 156
A-8 1986 9 " 1835 SSC 229 162 98
A-9 1986 11 3 2354 SSC 173 107 70
A-10 1988 1 13 2330 SSC* 189 130 68
A-11 1988 2 21 0156 SSC 159 122 70
A-12 1988 4 3 1637 SSC 190 123 84
A-13 1988 5 6 0428 SSC 229 99 88
A-14 1988 9 10 20.2 Sg 151 92 73
A-15 1988 10 10 0231 SSC*x 231 104 96
A-16 1988 1 30 0800 SSC 170 85 73
A-17 1989 1 20 1232 SSCx 234 93 83
A-18 1989 3 13 0127 SSCx 644 351 205
A-19 1989 3 16 0533 SSCx 183 82 92
A-20 1989 3 26 2250 SSCx* 177 129 98
A-21 1989 L) 25 103 Sg m 131 75
A-22 1989 5 7 0512 SSCx 176 89 63
A-23 1989 5 23 1346 SSCx 198 109 89
A-24 1989 [ 8 1953 SSC 173 183 109
A-25 1989 8 14 0613 SSCx 203 211 138
A-26 1989 9 18 1028 SSC 283 158 92
A-27 1989 9 26 05.7 Sg 190 116 63
A-28 1989 10 20 0917 SSC 307 148 135
A-29 1989 11 17 0926 SSC*x 252 193 82
A-30 1990 3 12 1503 SSC 169 126 80
A-31 1990 3 30 0721 §SC 219 m 73
A-32 1980 4 9 0843 8SC 354 122 98
A-33 1980 4 12 0326 SSC* 206 178 7
A-34 1980 4 17 0719 SSC 170 84 55
A-35 1990 6 12 0820 SSC* 182 175 107
A-36 1980 7 28 0331 SSCx 282 127 87
A-37 1990 8 26 0543 SSC 164 89 82
A-38 1980 10 9 11.9 Sg 174 101 82
A-39 1991 3 24 0341 SSC 503 204 199
A-40 1991 4 4 1122 SSC 153 76 75
A-41 1991 5 16 2041 SSC 188 123 74
A-42 1991 6 4 08.5 Sg 297 197 177
A-43 1991 6 9 0040 8SC 194 128 108
A-44 1991 6 12 1012 SSC 284 167 156
A-45 1991 7 8 1636 SSC 340 158 143
A-46 1991 7 13 0.5 Sg 194 129 89
A-47 1991 8 1" 0253 SSCx 164 113 50
A-48 1991 8 18 1834 SSC 223 164 108
A-49 1991 8 20 0759 SSCx* 217 143 93
A-50 1991 10 1 1813 SSC* 188 107 102
A-51 1991 10 28 1054 SSC 327 149 161
A-52 1991 10 31 1650 SSCx 152 137 89
A-53 1991 1 8 0648 8SC 372 237 159
A-54 1992 2 2 1153 8SC 156 117 96
A-55 1992 2 8 1428 S§SC 250 152 17
A-56 1992 2 20 0109 SSCx 278 140 106
A-57 1992 2 26 1658 SsC 173 92 83
A-58 1992 5 9 1958 SSC 426 209 109
A-59 1992 9 9 0139 SSC* 210 m 82
A-60 1992 9 17 02.1 Sg 182 118 91
A-61 1992 9 28 120 Sg 182 132 81
A-62 1992 10 8 1839 SSC 153 7 76
A-63 1992 1" 9 05.8 Sg 172 84 74
A-64 1992 12 27 2010 SSC 159 103 55
A-65 1993 2 17 0301 SSC* 172 72 60
A-66 1993 3 8 2138 SSC 11 125 85
A-67 1993 4 4 1434 SSC 245 141 99
A-68 1993 9 12 1.7 Sg 223 126 105
A-69 1993 10 8 234 Sg 163 73 73
A-70 1993 1 3 1756 8SC m 86 70
A-T 1994 2 21 0301 SSCx* 214 179 83
A-72 1994 4 16 19.6 Sg 294 142 113
A-13 1994 10 2 17.2 Sg 154 76 78
A-74 1994 10 29 0025 SSC* 175 126 110
A-15 1994 1 26 05.9 Sg 219 716 92
A-76 1995 3 26 04.7 Sg 169 64 49
A-77 1997 1 10 01.1 Sg 163 61 65
A-78 1997 § 15 0159 SSC 170 128 73
A-79 1997 11 22 0949 SSC 152 91 11
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Magnetogram for 1985 Jan. 27-29
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Magnetogram for 1985 Feb. 27-Mar. 01

at Memambetsu(MMB). Kakioka(KAK). Kanoya(KNY)
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Magnetogram for 1985 Apr. 20-22

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)
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Magnetogram for 1985 Apr. 26-28

at Memambetsu(¥MB), Kakioka(KAK), Kanoya(KNY)
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Magnetogram for 1985 Apr. 30-May 02

at Memambetsu(MMB), Kakioka(KAK), KanoyaCKNY)
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Magnetogram for 1985 Nov. 29-Dec. 01

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Magnetogram for 1986 Feb. 06-08

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-7(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 6,
1986.
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Magnetogram for 1986 Feb. 09-11

at Memambetsu(MMB), Kakioka(KAK), KanoyaCKNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-7(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 6,

1986 (succeeding Fig. A-7(a)).
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Magnetogram for 1986 Sep. 11-13

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)

Upward: increase(H), westward(D). downward(Z)
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Fig. A-8 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of September 11,
1986.
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Magnetogram for 1986 Nov. 03-05

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-9 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of Novenber 3,
1986.
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Magnetogram for 1988 Jan. 13-15

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)

H component

Jan. 13 1988 Jan. 14 1988 Jan. 15 1988
uuB 24862 = dnzsnuchins med V81 ,
HE T M ~
u\l""\q'ﬁ'\l’\*"‘-\#
KAK 34 i druna AL N == 200nT/div
H “’AVNNK-'MA,\_._\'/'/
KNY T hasa e dVEY =
VN ¢
: ’U\N'\.«,-\M_\/ﬁ
0 6 12 18 0 6 12 18 0 6 12 18 &t
D component
Jan. 13 1988 Jan. 14 1988 Jan. 15 1988
LJ\M,
& hih ,ﬂh \N"'&J\-w
MMB = ==y NS ~\ i g TR
KAK : LA, ' ’N J\KN- \ 20min/div
: g NN
5: q N Ml b
KNY = N A
0 6 12 18 0 6 12 18 0 6 12 18 &
Z component
Jan. 13 1988 Jan. 14 1988 Jan. 15 1988
MMB 41351 n : <
KAK ij . — 4 \#IAV‘M/I\\,‘-« s 200nT/div
KNY H - 1 3 9 : A MMD‘\ e B
0 6 12 18 0 6 12 18 0 6 12 18 wm

Fig. A-10 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of January 13,
1988.
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Magnetogram for 1988 Feb. 21-23

at Memambetsu(MHMB). Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-11 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 21,
1988.
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Magnetogram for 1988 Apr. 03-05

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H). westward(D). downward(Z)
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Fig. A-12 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of April 3, 1988.
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Magnetogram for 1988 May 06-08

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H). westward(D). downward(Z)
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Fig. A-13 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of May 6, 1988.
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Magnetogram for 1988 Sep. 10-12

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)

Upward: increase(H), westward(D), downward(2Z)
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Fig. A-14 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of September 10,

1988.
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Magnetogram for 1988 Oct. 10-12

at Memambetsu(MMB). Kakioka(KAK). Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-15 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 10,
1988.
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Magnetogram for 1988 Nov. 30-Dec. 02

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D). downward(Z)
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Fig. A-16 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of Novenber 30,

1988.
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Magnetogram for 1989 Jan. 20-22

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-17 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of January 20,
1989.
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Magnetogram for 1989 Mar. 13-15

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-18 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of March 13,
1989.
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Magnetogram for 1989 Mar. 16-18

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D). downward(Z)
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Fig. A-19 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of March 16,
1989.
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Magnetogram for 1989 Mar. 26-28

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D). downward(Z)
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Fig. A-20(a) Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of March

26, 1989.
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Magnetogram for 1989 Mar. 29-31

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-20(b) Magnetic records at MMB, KAK, KNY and CBI for the gcomagnetic storm of March
26, 1989 (succeeding Fig. A-20(a)).
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Magnetogram for 1989 Apr. 25-27

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D). downward(Z)
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Fig. A-21(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of April 25,
1989.
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Magnetogram for 1989 Apr. 28-30

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-21(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of April 25,

1989 (succeeding Fig. A-21(a)).
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Magnetogram for 1989 May 07-09

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(2Z)
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Fig. A-22 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of May 7, 1989.
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Magnetogram for 1989 May 23-25

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY), Chichijima(CBI)
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Fig. A-23 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of May 23,
1989.
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at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Magnetogram for 1989 Jun. 08-10

Upward: increase(H). westward(D), downward(Z)
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Fig. A-24(a) Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of June 8,

1989.
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Magnetogram for 1989 Jun. 11-13

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI>

Upward: increase(H), westward(D), downward(Z)
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Fig. A-24(b) Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of June 8,
1989 (succeeding Fig. A-24(a)).
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Magnetogram for 1989 Aug. 14-16

at Memambetsu(MMB). Kakioka(KAK). Kanoya(KNY), Chichijima(CBI>)
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Fig. A-25 Magpnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of August
14, 1989.
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Magnetogram for 1989 Sep. 18-20

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H)., westward(D), downward(Z)
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Fig. A-26 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of September 18,
1989.
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Magnetogram for 1989 Sep. 26-28

at Memambetsu(MMB). Kakioka(KAK). Kanoya(KNY)
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Fig. A-27 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of September 26,
1989.
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Magnetogram for 1989 Oct. 20-22

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-28(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 20,
1989.
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Magnetogram for 1989 Oct. 23-25

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-28(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 20,
1989 (succeeding Fig. A-28(a)).
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Magnetogram for 1989 Nov. 17-19

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)

H component

Nov. 17 1989 Nov. 18 1989 Nov. 19 1989
MMB NYE578 b : W' 4 St anaa sErn iy
M YA AN
Seesgen il ! WM ot i BRARERSRE
KAK 1 : - e 200nT/div
\NJK i =1
L T A
KNy 32470 n \\A iy i AT
znn il
NN
| \/\‘M /WNW
0 6 12 18 0 6 12 18 [4] 6 12 18 (i) p]
D component
Nov. 17 1989 Nov. 18 1989 Nov. 19 1989
: P
M\
g |5 WAIWERET }M e T
Ve H J\ i N i ARt En s
2
A sl AR N N\
KAK Pz _ NJ\ ‘ % | 20min/div
YD /'\.\ | «\ ™
KNY [34duoln, \ = s >
P ‘ N A
0 6 12 18 0 6 12 18 0 6 12 18 Ut
Z component
Nov. 17 1989 Nov. 18 1989 Nov. 19 1989
MMB 41634 0 g
KAK 349390 ST A N T S 200nT/div
KNY 32287 1,—53\\,». *\ A - e P
0 6 12 18 0 6 12 18 0 6 12 18 D

Fig. A-29 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of Novenber i7,
1989.
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Magnetogram for 1990 Mar. 12-14

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)

Upward: increase(H). westward(D), downward(2Z)
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Fig. A-30 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of March 12,
1990.
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Magnetogram for 1990 Mar. 30-Apr. 01

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-31 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of March 30,
1990.
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Magnetogram for 1990 Apr. 09-11

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H). westward(D), downward(Z)
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Fig. A-32 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of April 9, 1990.
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Magnetogram for 1990 Apr. 12-14

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-33 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of April 12, 1990.
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Magnetogram for 1990 Apr. 17-19

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D). downward(Z)
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Fig. A-34 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of April 17,
1990.
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Magnetogram for 1990 Jun. 12-14

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-35 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of June 12, 1990.
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Magnetogram for 1990 Jul. 28-30

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)
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Fig. A-36 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of July 28, 1990.
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Magnetogram for 1990 Aug. 26-28

at Kakioka(KAK), Kanoya(KNY)
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Fig. A-37 Magnetic records at KAK and KNY for the gcomagnetic storm of August 26, 1950.
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Magnetogram for 1990 Oct. 09-11

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)
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Fig. A-38 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of October
17, 1990.
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Magnetogram for 1991 Mar. 24-26

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-39(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of March 24,
1991.
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Magnetogram for 1991 Mar. 27-29

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)
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Fig. A-39(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of March 24,
1991 (succeeding Fig. A-39(a)).
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Magnetogram for 1991 Apr. 04-06

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)
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Fig. A-40 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of April 4,

1991.
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Magnetogram for 1991 May 16-18

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)
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Fig. A-41 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of May 16, 1991.
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Magnetogram for 1991 Jun. 04-06

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY). Chichijima(CBI)
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Fig. A-42 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of June 4,

1991.
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Magnetogram for 1991 Jun. 09-11

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY>

Upward: increase(H), westward(D), downward(Z)
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Fig. A-43 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of June 9, 1991.
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Magnetogram for 1991 Jun. 12-14

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY), Chichijima(CBID>
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Fig. A-44 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of June 12,
1991.
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Magnetogram for 1991 Jul. 08-10

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY>)

Upward: increase(H). westward(D), downward(Z)

H component

Jul. 08 1991 Jul. 09 1991 Jul. 10 1991
MMB —'ﬁ/ﬂ'\\; i~ .’vvﬂnﬂu VJ\N\L‘”""’“A/‘V H f_i_“___—\-
q \ H_J""\l‘g""‘"\ﬂ/”rﬂ N
r_,—-\...,\ \a\’\ VV'\A«W,\J\[
R ™ T e )
KAk f300dd hTN LA eilibau = =i 200nT/div
\. N Jv--i”"'"“~
il : L.../\AM\ A
KNY ': 28 :H'\L Jv"‘"*“ \VNN // '\‘h"\‘
\ Hq“hﬁ‘—/,
Lidn NJJ
0 6 12 18 0 6 12 18 0 6 12 18 Ut
D component
Jul. 08 1991 Jul. 09 1991 Jul. 10 1991
g b M A
MMB 51¥9.:2 o L 3 A, I N
4 B Vo VAN RN N
]
vk AN M o
KAK }4 .. Ty , i JERREV sAuEER S ] 20min/div
NLN\J
& faid J“\/"\..\ J"UN\« AN
KNY :wh‘ﬂ-‘n‘m AL\ Yl f M g NN
Aty 8
0 6 12 18 0 6 12 18 0 6 12 18 [Q') D)
Z component
Jul. 08 1991 Jul. 09 1991 Jul. 10 1991
MMB .f_f—’, L AV o SO 2 =
J A L
KAK (30006 nT Naves v - = <] 200n1/div
KNY LD .q 3 r\- e " ol e = -
i i) - =N
0 6 12 18 0 6 12 18 0 6 12 18 Ut

Fig. A-45 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of July 8, 1991.
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Magnetogram for 1991 Jul. 13-15

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-46 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of July 13, 1991.
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Magnetogram for 1991 Aug. 11-13

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)
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Fig. A-47 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of August 11,
1991.
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Magnetogram for 1991 Aug. 18-20

at Memambetsu(MMB). Kakioka(KAK). Kanoya(KNY)
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Fig. A-48 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of August 18,
1991.
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Magnetogram for 1991 Aug. 20-22

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)
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Fig. A-49 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of August 20,
1991.
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Magnetogram for 1991 Oct. 01-03

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)

H component

Oct. 01 1991 Oct. 02 1991 Oct. 03 1991
N
MMB [ FEIHTN *’R’n N\ AN i
. e
\V\N\‘foﬁ\vl\\w'/} L‘v—f
kak DRATTHRTNAL LN T '\,\ il i
\,\h'\v',h\v\\\ H
A
kny PI2€82 ATN AHTNA e S
P e
\J\‘-w*”h\.\« fk'f
\\J
0 6 12 18 0 6 12 18 0 6 12 18
D component
Oct. 01 1991 ] Oct. 02 1991 Oct. 03 1991
i A\
MMB |SaEadnin : M Ry S=X¥dn Eanast
SNV Y YA ik N
L I‘J"“‘\NJ\\ E i
X —~ R LA e
KAK 4 R v--.w\,,’} / A e S
i
H H
N -v\-.-l‘\ ;
3485 \ e P ot
KNY " e —-n..;‘,.f% A %‘-V-u’ ~— - ~
0 6 12 18 0 6 12 18 0 6 12 18
Z component
Oct. 01 1991 Oct. 02 1991 Oct. 03 1991
MMB [4120d.0 R =
4 N A
KAK (23022000 SNy 5
199 AL
KNY 3232300 A T =£
0 6 12 18 0 6 12 18 0 6 12 18

200nT/div

Ut

20nin/div
-

Ut

200nT/div

wn

Fig. A-50 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 1,

1991.
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Magnetogram for 1991 Oct. 28-30

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-51 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 28,
1991.
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Magnetogram for 1991 Oct. 31-Nov. 02

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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H component

Oct. 31 1991 Nov. 01 1991 Nov. 02 1991
“L |
MMB | 252 /1 iy F L RSETNRRE \ \ “v T
N 4 M " : ”
é Baf
N AT H
300 mY, N o o \ A o=
KAK }36 PAAT T avaRED 200nT/div
KNY hagagdp N AN T A i ALLEEF
RN M
0 6 12 18 0 6 12 18 0 6 12 18 [qi)P)
D component
Oct. 31 1991 Nov. 01 1991 Nov. 02 1991
T
5 3 / 2t
MMB : g w o b /mh N A
L\ .,,I\va.\’ "4 <y I M
- R ABMTTN .
KAK %-F e v -q"'\\,.p\.n A S VR Ry VJ\ ] =y 20min/div
Q45 L A\J PN
KNY 'mw w oy W vt N RS N’ -—\\
0 6 12 18 0 6 12 18 0 6 12 18 4P
Z component
Oct. 31 1991 Nov. 01 1991 Nov. 02 1991
MMB H ==
KAK (&E3030.n S L IR Ao = 200nT/div
323 A\ : Y. —
KNY [22385:0 3 wre N
0 6 12 18 0 6 12 18 0 6 12 18 «am

Fig. A-52 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 31,
1991.
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Magnetogram for 1991 Nov. 08-10
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Fig. A-53 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of Novenber 8,
1991.
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Magnetogram for 1992 Feb. 02-04

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-54(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 2,
1992.
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Fig. A-54(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 2,
1992 (succeeding Fig. A-54(a)).
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Magnetogram for 1992 Feb. 08-10

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-55 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 8,
1992.
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Magnetogram for 1992 Feb. 20-22

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY). Chichijima(CBI)
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Fig. A-56 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of February

20, 1992.
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Magnetogram for 1992 Feb. 26-28

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-57 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 26,
1992.
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Magnetogram for 1992 May 09-11

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY), Chichijima(CBI)
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Fig. A-58(a) Magpnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of May 9,
1992,
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Magnetogram for 1992 May 12-14

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(Z)

H component

May 12 1992 May 13 1992 May 14 1992
269 R &
MMB peiais T W
KAK (30084 e AV == =
i 200nT/div
KNY ,'}_f SRR A R RS
i
CBI g L "~~.—"~f‘\‘f~—— o =
0 6 12 18 0 6 12 18 0 6 12 18 <
D component
May 12 1992 May 13 1992 May 14 1992
((‘_-N‘ AT i
MMB " ‘M’,’ v v I~ ] --\\__’
A R ,—1-—5\\ 1,"'}\\
KAK Arih <R ~gn ~ay
20min/div
KNY pA4EZ2 Yo, A LT .
S84 T - L
CBI \lh N7 ~T N
0 6 12 18 0 6 12 18 0 6 12 18 QT
Z component
May 12 1992 May 13 1992 May 14 1992
MMB [ALZ38 1 o
KAK [280 2
200nT/div
KNy (324150 <
CBI }443T. 1
] 6 12 18 0 6 12 18 0 6 12 18 wm

Fig. A-58(b) Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of May 9,
1992 (succeeding Fig. A-58(a)).
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Magnetogram for 1992 Sep. 09-11

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-59 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of September 9,
1992.
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Magnetogram for 1992 Sep. 17-19

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)
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Fig. A-60 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of
September 17, 1992.
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Magnetogram for 1992 Sep. 28-30

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-61(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of September
28, 1992.
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Magnetogram for 1992 Oct. 01-03

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)
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Fig. A-61(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of September
28, 1992 (succeeding Fig. A-61(a)).
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Magnetogram for 1992 Oct. 08-10

at Memambetsu(MMB). Kakioka(KAK). Kanoya(KNY)
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Fig. A-62 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 8,
1992,
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Magnetogram for 1992 Nov. 09-11

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-63 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of Novenber 9,

1992.
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Magnetogram for 1992 Dec. 27-29

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY)
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Fig. A-64(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of December
27, 1992.
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Magnetogram for 1992 Dec. 30-1993 Jan. 01

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)
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Fig. A-64(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of December
27, 1992 (succeeding Fig. A-64(a)).
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Magnetogram for 1993 Feb. 17-19

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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Fig. A-65 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of February 17,
1993.
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Magnetogram for 1993 Mar. 08-10

at Memambetsu(MMB). Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-66 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of March 8,
1993.
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Magnetogram for 1993 Apr. 04-06

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)
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H component

Apr. 04 1993 Apr. 05 1993 Apr. 06 1993
MMB e g n .\‘ » “ n A’\ N""“W 4389 i et ST TNy
n
3 _J'\ LAV ‘,“\er‘
KAK [30070 b NV TN oaaEiey L Saiias - 200n7/div
B ,ﬁhJ
LT K VTN
KNY 32889 n \ \~ g P"\-""! Nr'-"\-.—-’vﬁ N\
N B Y.
ot wh\~v /J’\J
el
0 6 12 18 0 6 12 18 0 6 12 18 &
D component
Apr. 04 1993 Apr. 05 1993 Apr. 06 1993
E w"'\\‘ ;
i o
MMB [S2505 R ydﬂ L‘v s A TN
] N ~ o Y e :
A \LMLV e /Y N
H T H
KAK {413 he a SRAL 7T 20min/div
| v »-M-.w--"\"; : A U I
KNy |345c8s H U § aant
[ L AN V7 e
0 6 12 18 0 6 12 18 0 6 12 18 aum
Z component
Apr. 04 1993 Apr. 05 1993 Apr. 06 1993
MMB | 70
35097 n 3 A, ANASNR SRRSES .
KAK N4 \ o N M ~cw 200nT/div
A NAPSV o Ul
KNY \...-:’1 = M SERBY g - > —— ¥
0 6 12 18 0 6 12 18 0 6 12 18 Ut

Fig. A-67 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of April 4, 1993.
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Magnetogram for 1993 Sep. 12-14

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Upward: increase(H). westward(D), downward(Z)
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Fig. A-68 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of
September 12, 1993.
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Magnetogram for 1993 Oct. 08-10

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H). westward(D), downward(Z)
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Fig. A-69(a) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 8,
1993.
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Magnetogram for 1993 Oct. 11-13

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-69(b) Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 8,
1993 (succeeding Fig. A-69(a)).
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Magnetogram for 1993 Nov. 03-05

at Memambetsu(MMB). Kakioka(KAK). Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(Z)

H component

Nov. 03 1993 Nov. 04 1993 Nov. 05 1993
MMB f 17‘ h 2\ A ./ =7
i N A }ml‘” s~ TNV M
AL
KAK |3 b . =
ot /\.., iy YA
\N‘““V~\4/”
KNY 2907 h . b ™ A TN /\Js
K~_~4J\\J/
CBI [ o N RI= SRV =
~~~AJ\\9/
0 6 12 18 0 6 12 18 0 6 12 18
D component
Nov. 03 1993 Nov. 04 1993 Nov. 05 1993
MMB |22 h IJ\'NA"' iy Pt RN
¥ L \Y V
4 ""\"J\"‘ AL A oot i~ ~
KAK p41a-0n v Eay >
KNy [248.3 pin et PoNE A 3 LLL i
CBI [208=Lp. AT =2 =2 =
0 6 12 18 0 6 12 18 0 6 12 18
Z component
Nov. 03 1993 Nov. 04 1993 Nov. 05 1993
MMB 805 n
KAK 135E3Ln ot NN i
KNY [42497 0 R T
CBI 24222
(1} 6 12 18 0 6 12 18 0 6 12 18

200nT/div

wn

20min/div

T

200nT/div

T

Fig. A-70 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of Novenber

3,1993.
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Magnetogram for 1994 Feb. 21-23

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-71 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of February
21, 1994.
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Magnetogram for 1994 Apr. 16-18

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)>

Upward: increase(H). westward(D), downward(Z)
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Fig. A-72 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of April 16, 1994,
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Magnetogram for 1994 Oct. 02-04

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)

H component

Oct. 02 1994 Oct. 03 1994 Oct. 04 1994
‘.V -.-...("Yt\n.a—.‘ \ M’\
ot e aauin
f‘
- _-V"""‘"ﬁ R
KAK N NV R /'\,A,J\»v'" my AL 200nT/div
N/
w2 P A g
22902 umiid n N
o ’ TR AT R e T
\r/
0 6 12 18 0 6 12 18 0 6 12 18 T
D component
Oct. 02 1994 Oct. 03 1994 Oct. 04 1994
i
E
iddl M- NEARERAR
MMB 1 L SR g A\ \/ Wy N
2o 8 i
KAK 4122 = AT A N T 20min/div
P ML i
KNY :g,ﬁ:j L1 o Jr 3 )\ e - o
0 6 12 18 0 6 12 18 0 6 12 18 U
Z component
Oct. 02 1994 Oct. 03 1994 Oct. 04 1994
il
P
MMB (41848 1
KAK |35 v = o L ARSI = 200nT/div
KNY (2223 - e T x
0 6 12 18 0 6 12 18 0 6 12 18 um

Fig. A-73 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of October 2,
1994.
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Magnetogram for 1994 Oct. 29-31

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-74 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of October

29, 1994.
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Magnetogram for 1994 Nov. 26-28

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-75 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of Novenber
26, 1994.
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Magnetogram for 1995 Mar. 26-28

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-76 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of March 26,
1995.



102 S. Tsunomura et al.

Magnetogram for 1997 Jan. 10-12

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY), Chichijima(CBI)

Upward: increase(H), westward(D), downward(2)
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Fig. A-77 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of January
10, 1997.
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Magnetogram for 1997 May 15-17

at Memambetsu(MMB), Kakioka(KAK), Kanoya(KNY). Chichijima(CBI)

Upward: increase(H). westward(D), downward(Z)
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Fig. A-78 Magnetic records at MMB, KAK, KNY and CBI for the geomagnetic storm of May 15,
1997.
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Magnetogram for 1997 Nov. 22-24

at Memambetsu(MMB), Kakioka(KAK). Kanoya(KNY)

Upward: increase(H), westward(D), downward(Z)
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Fig. A-79 Magnetic records at MMB, KAK and KNY for the geomagnetic storm of Novenber 22,
1997.
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