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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 propeはyof complicated secular 

variation of the Z-component around Japan should be sufficiently c1arified 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 pa目ernofthe 

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 pa世ern

looks simple， qualitative models or theories for 

geomagnetic disturbances in middle and low latitudes 

were constructed from the last centurγand almost 

established in the two decades a白erthe International 

Geophysical Year (lGY) 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 space， the inner and outer 

magnetosphere and the polar region. 

Nevertheless， it is far from the truth that 
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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 2100 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 

c1arify more precisely geomagnetic disturbances in 

middle and low latitudes， because the research is 

important as one of the su同ectsof the magnetosphere-

ionosphere coupIing problem. 

ln this paper， the average features of geomagnetic 

storms and their Iikely 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 

pu中osedto 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 児島renceshowing 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 Kakiol但 MagneticObservatory 

(1985・1992)'.The repo目edparameters for the 20 high 

ranking geomagnetic storms in the range of the H-

component from 1957 to 1997 are listed in Table 1ぉ 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 Fuj ita (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四 componentwith a rise time of about a few 

minutes. The latter starts without a definite onset. 

Herea自erthese 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合omthat of Nagai (1983) for the pr・e・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， priv剖e communi-

cation). It should be noted that the criteria to judge or 

c1assify a storm have not been completely the same 

before and after the IGY. There can be c1early 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 

Vennerstrom and Friis-Christensen (1996). According 

to the empirical fact that the pe紘 sunspotnumber 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 geomagnetic stonns observed at Kakioka from 1957 to 1997. 

Rank Date Storm Time U.T. 
begin. main phase last phase end. 

y m d hm d h d hl d h 
111989 3113 0127 13 01. 9 14 00.4 15 22 

211982 7113 1617 13 18. 0 14 00.51C 

311958 2111 0126 11 03.6 11 11. 3 13 06 

411959 7115 0802 15 08.7 15 19. 3 17 02 
511967 5125 1235 25 20.3 26 04.4 29 20 

611991 3124 0341 27 20 
711957 9113 0045 13 01. 6 13 09.8 14 16 

811958 71 8 0748 81 10. 9 81 21. 5 10 11 

911992 51 9 1958 10 03.0 10 12. 1 12 07 
10 1960 11 12 1348 12 18. 2 13 10'. 4 14 23 
11 1960 4130 1213 30 12.8 30 18.8 01 20 

12 1991 11 8 0648 81 13.3 91 08.9 10 03 
13 1972 81 5 1400 51 19. 9 61 08.7 07 18 
14 1990 41 9 0843 91 09.6 91 12.0 11 24 

10 00. 8 10 14.9 
15 1982 9121 0339 21 22. 3 22 06: 6 23 21 

1978 8127 0246 31 20 
17 1991 71 8 1636 91 06.2 91 11. 9 10 14 
18 1983 21 4 1615 41 17. 1 51 09.5 06 20 
19 1961 7113 1113 13 14.6 15 17 
20 1959 7117 1636 17 18.2 18 07.0 19 19 

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 如 d 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 Iisted 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ぉ Tsunomura(1995) and Tsunomura 

(1998). The data are converted to the geomagnetic 

dipole coordinate system at first and then a monthly 

diumal variation pattem obtained by averaging the data 

Sudden commencement K Range 
Type QI H D z H D z 

nTmin nTmin nTmin nT nT nT 
SSC牢 A 43 51 -7 01 18 51 9 644 351 205 

47 3 
SSC牢 AI114 41 -1 70 51 9 630 297 381 

31 2 
SSC牢 A 48 40 19 11 8 617 469 237 

ー72 11-24 11-31 
SSC IA 46 3 40 31 7 533 174 159 
SSC本 A 91 21 -8 01 55 31 8 509 138 192 

47 3 
SSC AI 202 88 59 11 9 503 204 199 
SSC本 A 25 21 -5 12 21 8 486 224 163 

38 2 
SSC牢 AI116 21 -3 11 70 31 8 472 196 137 

28 3 
SSC All01 2 12 55 21 7 426 209 109 
SSC IA 41 3 13 31 27 31 8 417 239 252 
SSC* AI124 21 -2 01 47 21 8 380 150 174 

62 2 
SSC IA 15 2 5 2 8 31 7 372 237 159 
SSC 18 54 3 16 31 35 31 9 359 332 230 
SSC IA 24 2 12 14 21 7 354 122 98 

ssc事 A -2 -3 11 -1 11 7 341 175 129 
39 21 25 21 16 2 

SSC IA 27 41 10 31 14 41 7 341 146 127 
SSC AI146 21 36 21 82 31 7 340 158 143 
SSC IA 92 23 21 50 21 8 335 168 125 
SSC IA 53 41 21 31 31 41 7 334 99 132 
SSC All00 51 25 41 76 5 71 330 236 183 

in the intemational five quiet days in each month is 

excluded. Figs. 2 and 3 show average variation pa恥 ms

of geomagnetic storms at KAK from 1976 to 1992 and 

MMB from 1985 to 1992， respectively. The pa甘emis 

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 pattem ofthe H-component reveals the 

average pattem of SSC and the succeeding 

development ofthe 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 numbe陪 ofSSC (upper paneりandSg geomagnetic storms (Iower paneりrepo鵬 dby 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 cri胞riato classify a storm have not been completely∞nstant for all the period. 

the Sq in the D-component during storm periods. The 

fact that the average pa杭ernof the D-component is 

almost flat possibly reveals th創出edisturbance 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 企omthe 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 a食erabout a half day a抗erthe 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. Geomagnetiぷ
Oeclination Gap 

Station Name Abbreviation Latitude Longitude Latitude Longitude (degree) 
(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 13.5 

Kanoya KNY 31.42 130.88 21.44 200.35 10.0 

Chichijima CBI 27.15 142.30 18.11 211.30 9.7 

申Thevalues are reprinted from World Data Centerαfor Geomagnetism DATA CATALOGUE (1996). 
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D comp (E) 

Q-Day mean removed stack of SSC (1976-92) at KAK (Dipole frame) 

Z comp (D) 
total H comp (N) 

」a ・ 1l 
Lザ作〆 272 

Bar length 48hours(x). 20nT(y) 

Fig. 2 The average magnetic variation of geomagnetic storms 5随時ingwith SSC at KAK from 1976 to 1992. The len伸 ofeach graph 
is 48 hou陪 intime 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. 

D comp (E) 

Q-Day mean removed stack of SSC (1985-92) at HMB (Dipole frame) 

Z comp (D) 
total H comp (N) 

1../I¥J. ~ -TlrJ dj CJ. t 1じよ:ザ

Bar length 48hours(x). 20nT(y) 

Fig. 3 The average magnetic variation of geomagnetic storms starting with SSC at MMB from 1985 to 1992. The style of the figure 
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 appe訂sif the distribution of the 

Earth-current is inhomogeneous due to the anomaly of 

the electrical conductance under the observation site (e. 

g. Rikitake加 dHonkura， 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 appe訂 sat 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 ofthe ring current， the 

ratio of the intemal field to the external one can be 

roughly estimated by solving the following equ剖ions

(Rikitake and Sato， 1957)， 

M=一(e)+ i))' sinθ， 

L¥Z = (e) -2iJ)・cosθ，
、‘.
f

・・・且，，‘、

" J 

original〆
Z 

V 

ma g n e ti c f i e I d 

Fig.4 lIIustration of the modulation of the ring current magnetic 
field due to the Earth's induction. 

where s. X and s. Z are the excursions of the H-and 

Z-components for the gradual variation， e I and i I the 

extemal and intemal components of the first degree 

zonal harmonics for the corresponding magnetic 

potential and () colatitude. The ratios of the intemal 

to extemal 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剖 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. [n the Z-component at MMB， variations due 

to the CA effect for SSCs and/or bay disturbances do 

not largely appe訂 inusual. 

If one can exclude the e宵ectof 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 Ea同h.

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 decl ination 

at KAK from those calculated using the DGRF and 

1 G RF 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 th剖 thequality of the DGRF and 

IGRF coe百icients，which basically depends on the 

number of the observation points to derive them， have 

not been constant for the long time period. Fujiwara et 

KAKobs-igrf 
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al. (1998) repo巾 dthat 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 di偽 rencedue 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 

一一一-KAK-H

ー--KAK-D

一一一-KAK-F

一一一一KAK-Z

-300 

1945 1949 1953 1957 1961 1965 1969 1973 1977 1981 1985 1989 1993 

Yeor 

Fig.5 Secular variation of the di仔'erencesof the observed monthly means of horizontal intensity (KAK-H)， declination (KAK・0)，
vertical intensity (KAK-Z) and total intensity似AK・F)at KAK from the calculated values using DGRF and IGRF model fields. 
Note that the unit for KAK・ois different from those for others. 
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Fig. 7 Average diurnal variations during geomagnetic stonns started with SSC at KAK from 1976 to 1992. The plot style is the same 

as that of Fig. 6， 

moming and negative from the late morning to出e

evening. Fig. 7 shows the average diumal variation 

patterns by subtracting the all-day means (shown in 

Fig. 2)合omthe values in Fig. 6. Here， the diurnal 

variation pa首erns are clear]y seen in all the 

components. The ampliωde of the diurnal variation in 
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the H・component is larger由組曲at of出e D-

component. These diurnal pa:抗ernsare thought to be 

different企omthose of the solar diurnal variation 

because they are not apparent before the SSC;出e

pa仕erns訂'esimil釘 tothose of the SD fields of 

geomagnetic storm shown by Sugiura and Chapma:n 

(1960). It is expected that these diurnal variation 

pa抗ems.are most likely attributed to the field-aligned 

a:nd the ionospheric currents' effects during 

geomagnetically disturbed periods. 

There is a:n interaction between the ionosphere 

a:nd the magnetosphere as a response to the impressed 

electric field企omthe solar wind. The magnetospheric 

elec甘icfield is reduced in the low latitude ionosphere 

by the shielding e貸ectdue to the electric charge 

produced in the Alれrenlayer. The e宜iciencyof出e

shielding effect depends on the time scale of血e

{
」
F
E
)

。 4 B 12 
LT 

16 20 24 

phenomenon; the effect is apparent for the time-scale 

larger出a:nabout half a:n hour (Senior and Blanc， 1984). 

Kikuchi et al. (1996) discussed the penetr剖ionof the 

polar-originating DP2 elec甘icfield 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 enha:nced，出副 ofthe region 2 field-aligned 

current will also be enhanced accordingly. The diurnal 

variation patterns of血.e H・a:nd D-components 

possibly reveal the magnetic effects due to the 

combined effects of the enha:nced field-aligned 

cuπents a:nd the resulting ionospheric current systems. 

It is worth to examine whether the observed diumal 

variation pa目emsare reproduced theoretically. 

Fig. 8 is a copy of Fig. 7 of Tsunomura (to be 

published) showing local time profiles of the D-a:nd 
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Fig. 8 Local time profiles of the 0-(Ie世panels)and H-(right panels) components of the magnetic fields at 600， 300 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 reglon 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 600， 300 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 8iot-

Savert's law for the electric cu汀enttlowing in the 

narrow region of the equatorial electrojet. The figure 

shows the values putting the total strength ofthe region 

2 field-aligned current as 0.0 (solid)， 0.5 (dotted)加 d

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 Iijima 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 1 was estimated nearly half in the steady state of 

Senior and 81anc'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 300 latitude) do not match those of 

Fig. 7; the diumal patters are not clearly seen in Fig. 8. 

The di俄 rencein the副nplitudesbetween the H-加 d

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 diumal pattems in the low latitude 

magnetic fields. Iyemori (1990) showed that the 

similar current system is apparent during the main 

phase of geomagnetic storms. A numerical calc 

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 pa仕emswere shown and it is shown that they 

can be attributed to the contribution ofthe field-aligned 

currents and the resulting ionospheric current systems. 

However， it should be noted that the diumal pattems 

shown in Figs. 6 and 7 are only the averages. The 

actual individual event must have some features 

different from the average pattem. One of the most 

pronounced events showing a characteristic variation 

pattem 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 brietly 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 repo口edat 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 
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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. 



10 S. Tsunomura et al. 

l釘geD-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 
wぉ由efamous 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 a1.， 1990).ηle large-

sca1e equiva1ent currents originated in the polar region 

for this event were ana1yzed by Nagai (1964). Here， 

the variation form of this event observed at the 

J apanese stations is reexan血ed.

Fig. 10 shows the magnetic records at MMB， 

KAK and KNY for this event. Note that the upward 

direction i~ westward for the D-component in the 

figure. The hatched p紅白 indicatethe periods when the 
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Fig. 10 Magnetic records at MMB， KAK and KNY for the geomagnetic stonn 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 th副

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 infeηed that this variation form 

manifests the signature of the DPM1・fieldin this areaぉ

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白ture

subjects to be clarified. The long-term D-component 

variation is roughly parallel to the average variation 

pattem 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 pa白em.The rapid variation contributes to 

make the range of the D-component very I訂ge.

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 pape巳averagevariation pa白emsof 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 pa抗emin 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 s廿ength.After roughly checking the 

geomagnetic secular variations at Kakioka， it very 

difficult to exclude the intemal origin from the secular 

variation of the Z-component， which is neceSSaIγ 

before examining long-term variations. 

It is shown that the diumal variation pattems are 

seen in the H・加dD-components in the storm time. 

The pa抗emsare basically the same as those of the SD 

fields of geomagnetic storm shown by Sugiura and 

Chapman (1960). The derived pa仕ems訂 ecompared 

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・componentin the daytime. The 

plots of magnetic records in Japanese stations for large 

geomagnetic storms from 1985 to 1997 were presented 

for the use of fu口herstudies andぉ acatalogue for the 

watching of geomagnetic storms， prepared for the 

coming solar maximum period ofthe 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-l to A・79.The 

start time， type and the ranges in the H-， 0-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， prep訂 edfor the 

coming high-activity period of the solar cycle 23， 

where it is predicted 白atthe maximum sunspot 

number wiIl be in the range of 160土30(Joselyn et al.， 

1997). 
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Table A-1 Ust of geomagnetic storms 
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Fig. A-7(a) Magnetic records at MMB， KAK and KNY for the geomagnetic stonn of February 6， 

1986. 
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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)). 



MMB 

KAK 

MMB 

KAK 

KNY 

A study of geomagnetic storm on the basis of magnetic observations in the Japanese chain observatories 

Z component 
Sep. 11 1986 

川トMEi d d i 
II 
什..• 

Magnetogram for 1986 Sep. 11-13 

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

Upward: increase(日).westward(D).downward(Z)

Sep. 12 1986 Sep. 13 1986 

:: : i ii iii i ふi 
iiiL 

よlm日? 

イ!~や
昨，...，日:ムiムL.h

i ~ ! ~ 

市日守!iiijjiijj jjijiijjji i jjjjjfj 7jj11jjfi|f:i;ji i j iiiiiii2 ii ij ij mijii iii jj ji j i i 

。 6 12 18 。 6 12 18 。 6 12 

』主..:.

... . 

. . 

18 

200nT/div 

(UT) 

20田in/div

(UT) 

200nT/div 

(UT) 

Fig.A・8 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of September 11， 

1986. 

23 



S. Tsunomura et al. 24 

Nov. 03-05 

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

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

1986 for Magnetogram 

200nT/div 

戸間

山………一
u

十回
wn

6

1

1

1

 

e
8
一一一一一一一一一一一一
H
1
1
1
1
1

・

n
9
一一一一一一一一一一一一同一円一一けいれ同一円リハ一一一一一回一円一一一一一一一一一
:
t

o
l
F
i
j
i
-
-
E
1
1
1
1
1
・

P
3
F
l
i
-
-冶
T
I
-
-

咽
引
T
I
l
l
-
-
E
l
i
l
i
-
-

:
 

c
w
一一けれいいけ泣い一一一一一一一日

u
u
N
H
 

MMB 

KAK 

KNY 

(UT) 

20min/div 

H・4

f守-:

・・圃圃圃固・

18 

。

(UT) 

200nT/div 

けいけいい一日一一一けれいいけいい一一一回一一一一一一一一一一一一一一回一一一一一一いけれ一一一

lili-----titi--
回一一一一一一一一一一一一一回一一一一一一一日一一一一一

・a圃園ー-

: : 

k詰圃金三

h←伺

Nov. 05 1986 

i i i: I i i ll! I!!!!! I!!!!! I!!!!! 

i l ijjj!日jjjiljjj i 山!日;|jjjjj

jY215;iiMHM 
mm民l:;;;|;;;:
:lmm|;;;;;|;;;;;ln 

Nov. 04 1986 

一一一一一一一一一一日間一一一一一一一一一一一一一同一一一一一一日

F司・宇司

F守ー円『

一

Z component 
Nov.03 1986 

!!!! ! I!!! 

lái~μLLi i 

1 i i i i I i i i 
|;jJJA LL!; 
庁了fTTTT1i 

... . 
|必 t~~ ht~ 1 i 

守???ljiij

MMB 

KAK 

KNY 

(UT) 

Magnetic records at MMB， KAK and KNY for the geomagnetic storm of Novenber 3， 

18 12 6 。18 12 6 。18 12 6 。

Fig.A・9

1986. 



MMB 

KAK 

KNY 

A study ofgeomagnetic stonn on the basis ofmagnetic observations in山eJapanese chain observatories 

Z component 
Jan. 13 1988 

A iRR 1: II 
ふ-

広;

Magnetogram for 1988 Jan. 13-15 

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

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

Jao. 14 1988 Jan. 15 1988 

t... . 

・ u伊

.... . 
nm 

i i i i dj r 

出

行~i守::7i z iii iiii i ii iti!li!i・ I・・
-i:i:i 

".， I 

: : i:" 

. . .... . 

o 6 12 18 。 6 12 18 。 6 12 

! 1 

" " 

18 

200nl・Idiv

(UT) 

20皿inノdiv

(UT) 

200nT/div 

(UT) 

Fig.A・10 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of January 13， 

1988. 

25 



26 

MMB 

KAK 

KNY 

Z component 
Feb.211988 

ljjjjj II 
:2); ムiiii i 

il;; lRL 
円、Hii Ai ， マj守jマ

。 6 12 

S. Tsunomura et al. 

Magnetogram for 1988 Feb.21-23 

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

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

Feb. 22 1988 Feb. 23 1988 

i i i 

i i i Yz:gi ;i i ; 
iι r、Li..i

ii 

????; 
AlL. 

j zIi i 11i 1ai1 j i 

汗iiYii 7 i 
ii  ?!?! 

18 。 6 12 18 。 6 

200nT/div 

(UT) 

20min/div 

(UT) 

200nT/div 

.. . 

I I I 

12 18 (UT) 

Fig.A・11 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of February 21， 

1988. 



MMB 

KAK 

KNY 

A study ofgeomagnetic storm on the basis ofmagnetic observations in the Japanese chain observatories 

Z component 
Apr.03 1988 

ぷiiij i i i j 

Magnetogram for 1988 Apr.03-05 

at Me田ambetsu(MMB).Kakioka(KAK).Kanoya(KNY) 

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

Apr.041988 Apr. 05 1988 

llll ::!! : 

i i i i j i i i i ~ LJJ i iii i 
.. .守 i

i i i i ・世 .. . 民;; ...l 

場 3jhH i jii zi i w i i 
r+n 

...... .. 隠し
iHl: 

. . .. I 

i!j? i i i i i j 下-什jiTi i i 
... . 

:白目z・・・ ・???; ........ .. 

。 6 12 18 。 6 12 18 。 6 

!:: : 

.... . 
12 18 

Fig.A・12 Magnetic records at MMB， KAK and KNY for the geomagnetic stonn of April 3， 1988. 

27 

200nT/div 

(UT) 

20lDin/div 

(UT) 

200nTノdiv

(UT) 



S. Tsunomura et al. 28 

06-08 

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

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

May 1988 for Magnetogram 

200nT/div 

山
出
市
川
市
川
栴
山
…
…
…
…
一
日 (UT) 

20lDin/div KAK 

(UT) 

200nT/div 

May 08 1988 

~Urijrl ~LLU 
E8 aー・ 122.・φ ・・

3i・・ 1 1 1 1 i i i i 

会idi di ztid i ふ.• illJ 、-ー・ .・
. . 

.. . i i ~ ! 

i込. • 3jj 令、Ti相•• • iii . . rrr 
間:やu怜iifjT! ~ ; ; ; ~ 

・
i i i ; ~ 医!

May 07 1988 

Z component 
May 06 1988 

MMB 

KAK 

KNY 

(UT) 18 

Magnetic records at MMB， KAK and KNY for the geomagnetic storm of May 6， 1988. 

12 6 。18 12 6 。18 12 6 

Fig.A・13

。



MMB 

KAK 

KNY 

A study of geomagnetic storm on the basis of magnetic observations in the Japanese chain observatories 

Z component 
Sep. 10 1988 

~7 !'i 11-::: : 

医;;
mm 

Magnetogram for 1988 Sep. 10-12 

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

Upward: increase(日).westward(D). downward(Z) 

Sep. 11 1988 Sep. 12 1988 

j i i ii 

: : : J 1 

i i i i i i i iムi 
i i i i i 

. . :;:! : 位;
T ち.. ι J・イ -i i i 

3・... 

庁M???idii:i Ui  lii i ji jij =;i ;i;汁川明 行iiiiiii jij:j; 2ji3i・ ・jiUi  i iji ii ji i 

。 6 12 18 。 6 12 18 。 6 

!i i i i 

i ; ; ~ i 

~ 

~ ~ ~ ~ 

12 18 

200nT/div 

(UT) 

20minldiv 

(UT) 

200nT/div 

(UT) 

Fig.A・14 Magnetic records at MMB， KAK and KNY for the geomagnetic slonn of September 10， 

1988. 

29 



30 

KAK 

KNY 

MMB 

KAK 

KNY 

S. Tsunomura el al. 

Magnetogram for 1988 Oct. 10-12 

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

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

Z component 
Oct. 10 1988 Oct.11 1988 

!!!!! I!!!! IIIIII! I! 11111 i 1111 

hj~~~ J，t! ! U ~ム斗よ!!!! I!!!!! 
li i iij|;;行引けれ j|;;;川ii i i 
1 i II! III! IIII! J IIII! 11111I111 
生dAdli1，1'; ; J 1 I ;~叫孔Ull111ii

jjj j j|jjjjj|jjjjj|j jjj jljjjij 

AAAAd LLiij!|!UA斗ぷよムリ..• 
1::::: Iγ:: l :1: ! 1 l 1 I l! : : ! I i i : l l 
i! i!! I i!!!! I!!!!! I!!!! i I!!!!! 

。 6 12 18 。 6 

: : 1111 

1::: I 

1 ; 1111 
: 1 

照明
t t: 

包含当d::::t

: : 

12 

Oct. 12 1988 

18 。 6 

辻出

H→→4 
r:-tT1 

-晶4・4
←←←円

18 

!!!! : 

111 . . -T弓~喝
1 : 

Lムu
.. .可
1 : 

; I 1111 
!! 11 
炉-to:申喧

: 1 

111 

・・ー・・・-圃圃・・圃恒・・

18 

百

T 

-
:: :: 
: : 

12 

111 
: 1 

j j i j i 
F守""f"守『

i i i i i !1tt1 
!!! ! 
持件宇

b主~

111 

18 

200nT/div 

(UT) 

20min/div 

(UT) 

200nT/div 

(UT) 

Fig. A・15 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of October 10， 

1988. 



31 A study of geomagnetic storm on the basis of magnetic observations in the J apanese chain observatories 

Nov.30-Dec.02 1988 for Magnetogram 

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

200nT/div 

Upward: increase(H). westward(D).downwardCZ) 

(UT) 

20min/div 

←辛料

←今4

占区~

j叫ム
18 

一『「.:i;.:i:.:::.:::.::;.:i:.::.:i.:::.:i;.:!:.:i.:.d一;.:i:.::.:i;.:::.:::.:i;.:::.;i:.1:.::;.::.:.4↓-『マ寸.:i;.:i;.:!:.:i.:i:.:::.::.:::.:i;.:::.:i:.:!.:4.-4一?:.:::.::;.;ij.:!!.:::.:i:.:ij.:!:.::.;i:.:ij.::.:J.」-士
A22
 

『「llll|lllll珂
|illl|l1lll|{同寸
l11l|ll|1l1圃
illl1|1lllll」
'
A

郎笠一
-?.:i;.:!;.:::.:i;.::;.;i!.1i:.:i;.:i:.:i:.:i:.:!.:.守?ナ.:i:.:::.:j;.:!:.::;.:i:.:::.:i:.::;.:!:.::.:.+守?.:ii.:i:.l::.::;.:::.:::.::;.::j.:!:.::;.:i.:.+??.:::.:i;.:::.:::.:i;.:ij.:::.::;.:i;.:i:.:;.:ム

.一一

9
『寸.:i:.::;.:i:.:::.:!:.::;.::;.:i:.:::.:!:.::.:.--『.::;.:i;.:::.:ii.:!!.:::.:i;.:i;.:i:.:i:.::;.::.:」.4↓↓叫『寸寸.:i:.1:;.:i;.:i;.;ii.:i:.1::.:i;.:ij.:!:.:i;.:!.:」.」-『寸寸.:i:.::;.:i:.:i:.:::.:i:.:::.:!:.::;.:i;.:i:.::.:」.」

-

'.ι‘『.;•• 
:
 

•• 
:
 

•• 
:
 

•• 
:
 

•• 
1
 

•• 
，『

•• 
:
 

••• 

1
 

•• 
:
 

•• 
:
 

•••• 

:.」dE
『.:

•• 
1.:.: 

••• 
:
 

•• 
:.: 

•• 
1.-『.:.:.:.:.:.;

•• 
l
 

••• 
:
 

••• 

-

2
寸
l
|
|
|喧
l
|
|
|
l
寸
|
|
|
|
坤
|
|
|
|
l斗由

6

n
U

『.;
••• 

:
 

•• 
1
 

•• 
:
 

•• 
:
 

•• 
:.-『.:.:.:.:.;.!.:.:.;.:.:.:.:.副.;

•• 
l.1.:.:.:.:.: 

•• 
:
 

•• 
:.=.: 

•• 
:
 

•• 
:
 

•• 

l
 

•• 
:
 

••• 
:.-

• 
c
『.:

•• 
;.:.:.:.:.:.1.:.1.:.-3d.:.l.:.l.!.:.:.;.1.:.:.:.=.: 

•• 
l.:.1.1.l.l.1.l.:.:.」4

↓‘司司.;.. :
 
.. :.:I.:.司

e
『.:

•• 
:
 

•• 
;
 

•• 
:
 

•• 
:
 

•• 
:
 

•• 
由守
i#岬

.l
•• 

t
 

•• 
:
 

•• 
;
 

•• 
:
 

•• 
:.斗品::.:

.• 
1.i.: 

•• 
由↓
a咋咋

?.;.:.:.:.l.1.:.由

nu
『守.:.:.:.:.:.:.:.:.:.:.:.:.:.-.占-.:

•• 
:
 

•• 
:
 

•• 
:
 

•• 
:
 

•• 
:.由.+申.:.:.:.:.:.:.:.:.:.:.:.-『干
.:.:.:.:.:.:.:.:.:.l.:.1.-

『

E
E
a
E
a
E
E
E
'申
4
B
a
E
'
'目
'
'
'
志
-
E
E
.
E
'目
E
E企
『
E
E
E
E
E
E
E
B
4
n
U

.l 
•• 

:
 

•• 
;.1.:.l.:.:.:.:.-『.:.:.:.:.:.:.:.:.:.:.;.:.:.-「.:.:.:.:.:.:.:.:.:.:.:.:.:.--『.:.:.1.:

•• 
:
 

•• 
:
 

•• 
:.1.-au 

lllllllllll-寸
1ll1!lllll!『l|llillll1i1T圃
1illllllllll圃
'
A

『
j
i
l
-
-
-
c
i
l
i
-
-
j
a
l
l
i
t
-
-
:
a
i
t
i
l
t
-
-
-
8

t
T
l
l
L
t川
l
I
1
庄
l
l
l
ム件
I
l
l
l

コu

n
8
『
i
l
i
-
-
d
u
l
i
-
-
-
-
A
i
t
-
-
-
-
M
i
l
i
-
-
-
-

e8-Jjjjjjjjil--.掛川
1111Ill.-d川
1
1
I
l
l
i
n
i
-
-
i
l
l

・-

n

9円
引
い
い
い
い
い
い
件
M
v
u
u
u
kい
u
u
u
u
k
L
M
U
Uいいいいいいいい-

o
l
-
-
-
j
i
-
-
L
i
l
l
i
-
-起
lili--
釦
-
l
i
l
i
-
-

p
}
T
i
l
lあ
T
I
l
l
ι
干

I
l
l
l血
I
l
l
l
L
6

叩

割
T
I
-
-
l
i
t
i
-
-
i
i
t
-
-
t
i
-
-
i
L
:
:・lil--

:
 

c
w
一一一一一一一一一一一一一
L
-

一一一一一一一一一行一一一一一一一一組内一一一一一一一一一一一一一

D

N

凶

N
i
i
-
-
-
i
・

0

W
川

MMB 

KAK 

(UT) 

200nT/div 

Dec. 02 1988 

l a i ，z RiRiR i II ・・ e・・
Z・:・・ .. _.. 

:::: : ，.. . 

l会iAia2qi a i 
~ 白.A ，_ 

.， ， 

・・ ・・
.... . 

::: : 

M-1d3A11: : 

.......... " ， 

一 白 日 ~: 

f1'NJ.- :・ i千円

・2・・
: i i i: 

1・・2ー ・
・

-・・3・・
... . 

Dec.01 1988 

Z component 
Nov. 30 1988 

MMB 

KAK 

KNY 

(UT) 18 12 6 。18 12 6 。18 12 6 。

Magnetic records at MMB， KAK and KNY for the geomagnetic storm of Novenber 30， Fig.A・16

1988. 



32 

MMB 

KAK 

KNY 

S. Tsunomura et al. 

Magnetogram for 1989 Jan. 20-22 

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

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

Z component 
Jan. 20 1989 Jan. 21 1989 Jan. 22 1989 

ii ii Ji JiJ i 
11'! lJ 

!ii i j i i 
jiji i 

守守?

Ji i 頃 iji-m i lJJ.Jl UJ i!i 

TAi宇~?十~~十ia f i 
ぷ im ••• .ム

~ ~ ~ ; 
Jlムi :市?iii 

!汁十十マiマ ・WiiWiii ! :::: : 

iiR 
同

。 6 12 18 。 6 12 18 。 6 

200nT/div 

(UT) 

2Omin/div 

(UT) 

!ij 
200nT/div 

J ，1 

!!! ! 

12 18 (UT) 
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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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Fig.A・19 Magnetic records at MMBt KAKt KNY and CBI for the geomagnetic storm of March 16t 
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Fig.A・25 Magnetic records at MMB， K.AK， KNY and CBI for the geomagnetic stonn of August 

14，1989. 
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Fig.A・26 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of September 18， 
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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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A study of geomagnetic storm on山 basisof magnetic observations in耐 Japanesechain observatories 

Magnetogram for 1990 Apr.09-11 

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

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

Fig.A・32 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of Apri1 9， 1990. 
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Fig.A・35

S. Tsunomura et al. 
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Magnetic records at MMB， KAK and KNY for the geomagnetic storm of June 12， 1990. 



A study of geomagnetic storm on the basis of magnetic observations in the Japanese chain observatories 

Magnetogram for 1990 Jul.28-30 

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

Upward: increase(日).westward(D).downward(Z)

Fig.A・36 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of July 28， 1990. 
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Fig.A・39(a) Magnetic records at MMB， KAK and K.NY for the geomagnetic storm of March 24， 

1991. 
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Fig.A・39(b) Magnetic records at MMB， KAK and KNY for the geomagnetic storm of March 24， 
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Fig.A・41 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of May 16， 1991. 

61 



S. Tsunomura et al. 62 

Jun. 04-06 1991 for Magnetogram 

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

200nT/div 

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

(UT) 

20lDin/div 

(UT) 

200nT/div 

:・:一一一一=一けいいけいい一一一同円一一一一.

(UT) 

Magnetic records at MMB， KAK， KNY and CBI for the geomagnetic storm of J une 4， Fig. A.42 

1991. 
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Fig. A-43 Magnctic records at MMB， KAK and KNY for the geomagnetic storm of June 9， 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) 

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

65 

200nT/div 

(UT) 

20lllin/div 

(UT) 

200nT/div 

(UT) 



S. Tsunomura et al. 66 

Jul. 13-15 

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

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

1991 for Magnetogram 

200nT/div 

! ! 

j!! I!! 

!!|jj;::|!!i !? 

II 
12 18 (UT) 

20lllin/div 

MMB 

KAK 

KNY 

(UT) 

200nT/div 

i
l
l
i
t
-
-
-
・l
i
l
i
-
-
-
i
j
i
-
-
-
1
.
l
i
l
i
-
-
-
J
8

Illlli--「
Ill111ll圃
1111111|圃
Illi----】
冒

A

1
・・
i
t
i
s
-
-
i
I
t
-
-
-
s
i
l
l
i
-
-
d
i
-
-
:
t
i
-
-
4
2

-
A
 

;
 

(UT) 

Magnetic records at MMB， KAK and KNY for the geomagnetic storm of July 13， 1991. Fig.A-46 



KNY 

MMB 

KAK 

KNY 

A study of geoma伊 eticstonn on the basis ofmagnetic observations in the Japanese chain observalories 

Z component 
Aug. 11 1991 

4i i，i i Rii gti ， i i 

Ai i iii j 

2jj 
守γ1i~ 

:下:iii i 

。 6 12 

Magnetogram for 1991 Aug.11-13 

:・

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

Upward: increase(日).westward(D).downward(Z)

Aug. 12 1991 Aug. 13 1991 

iiiii 
i i i i i iiiii i ! iiii i 

jjii 
! ! 

!i i?j;lょ! 出!?ij; 

.. . iiiii!よj 
・

日i!?7 i ー・ ・
1.  " I 

，" . ， . 

18 。 6 12 18 。 6 

i i iigiij :i i2i-i| | 

:・1

，. .・ 1

12 18 

200nT/div 

(UT) 

20min/dlv 

(UT) 

200nT/div 

(UT) 

Fig. A-47 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of August 11， 

1991. 
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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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Fig.A・51 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of October 28， 
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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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Fig.A・59 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of September 9， 

1992. 
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Magnetogram for 1993 Oct.11-13 
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Upward: increase(日).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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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 
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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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Fig.A・72 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of April16， 1994. 
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Fig.A・73 Magnetic records at MMB， KAK and KNY for the geomagnetic storm of October 2， 

1994. 
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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 1995 Mar.26-28 
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Magnetogram for 1997 Jan. 10-12 

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

Upward: increase(H)，westward(D)，downward(Z) 
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Fig.A・77 Magnetic records at MMB， KAK， KNYand CBI for the geomagnetic stonn of January 
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Magnetogram for 1997 May 15-17 

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

Upward: increase(日)， 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(日)， westward(D)，downward(Z)
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日本の地磁気観測データを用いた磁気嵐の研究

角村倍・外谷健・石井美樹・手島聡

概 要

日本の地磁気観測点，女満別・柿岡・鹿屋で観測された磁気嵐の性質を，現象報告・

毎分値を用いた統計・数値解析により調査した。柿岡および女満別における毎分値を

sscで開始する磁気嵐について重ね合わせてみると，一日またはより長い周期につい

て，地球の電磁誘導による遮蔽効果によりし、くぶん弱められてはいるものの z成分

に環電流の直接の影響が見られる。その周期帯におけるH，Z成分を比較して内部お

よび外部起源の場の強さの比を概算したところ，力武・佐藤 (1957)によって得られ

た数値とほぼ一致した。柿岡より局所的なCA効果が小さい女満別のZ成分は，環電

流の強度を見積もるための即時的なモニターツールのーっとして使えるかも知れない。

しかし長期変化を吟味するには日本付近の複雑なZ成分の永年変化が充分に解明さ

れなければならないことが示される。柿岡における毎分値を地方時に分けて重ね合わ

せた記録に磁気嵐時における日変化パターンが見られた。それらは，沿磁力線電流お

よびそれによる電離層電流系によるものであろう。 IGY以来現在にいたるまでの問に

観測された磁気嵐の中で，非常に大きなD成分のレンジを記録した1958年 2月11日の

磁気嵐の変化パターンについて簡単な調査をした。 ssc直後に発生したH成分の

negative bayに対応してD成分に現れた変化がD成分のレンジを増加させるのに寄与し

ていることが示される。昼間の時間帯の中低緯度において観測される negativebayを

含め，磁気嵐のケーススタディが今後も重要であることが示唆される。


