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Some Statistical Investigations of Geomagnetic 

Disturbances observed at Kakioka 

BY Y UKIO YoKOUCHI 

織要

27 

柿問t乙て観測された資料につき主として磁気擾乱における Dst,SD，及 Dmについての統計調

査を行った。 f~凶辿して統計された Sq 及 Sd について志述べた．

§ 1. Introduction 

In the previous paper<l) the results of various statistical studies on the geo・

magnetic disturbances observed at Kakioka (36。14’N,140。ll'E)were reported for the 
period 1924-1951. Here, by the aid of the same material the following disturbances 

are calculated and investigated ; average storm-time variation (Dst) and disturbance 

daily variation (SD), from storm days in the period 1924-1951 for H, D and Z and 

also for H disturbance daily variation (SD) derived from diurnal variations of quiet 

days (Sq) and disturbed days (denoted here by Sd) and Dm, disturbed minus quiet 

days mean, in the period 1925-1951. Although the general aspect of the world-wide 

distributions of these variations have been studied by a number of writers, it seems 

yet to be needed to clearify the characteristics ・of these variations at any individual 

observatory as well as their changes in t~e long course of years. The present inves-

ligations are conducted for the purpose by using the data of more than twenty 

years long. 

The data used are based on the annual reports of the, Kakioka Magnetic Obser-

vatory<2> for the period 1924-1947 and the preliminary reports for the period 1948-

1951. As the hourly values of quiet and disturbed days those of the international 

five quiet and five disturbed days are used respectively, but when there are missing 

records on some of these days the value of the other suitable days selected are sub-

stituted for them. The auther is much indebted to Dr. S. Imamiti’s effort referring 
to the data for the quiet and disturbed days in 1925-1934. 

§ 2. Progress of variations of the geomagnetic storms 

In the previous paper, geomagnetic storms with sudden commencements (SC) 

are classified into the following three groups : 

(a) : ordinary typical storm process is clearly seen, i.e. initial and main phases 



commencement and the beginning of 

the main phases is longer than 

several hours regardless of 

activity of the interval ; 

(c) : sudden commence・ 

ments are followed by irregular 

variations of fairly long period, 

the beginning of the 

・ main and last phases 

easily detectable. 

During 

and 230 

(storms with gradual commence・ 

ment, each of which maximum 

range in H exceeds 

observed, 
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F'ig. 1. Hourly frequency of occurrence of 
geomagnetic storms, 1924・1951,Kakioka. 
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GEOMAGNETIC DISTURBANCES AT KAKIOKA 29: 

quencies of occurrence of each type of storms are shown in Fig. 1. The daily 

frequencies of occurrence of SC-storms were already described in the previous paper, 

and so it・ is remarked here that G-storms show the distinct diurnal change of 

occurrence with the maximum at about 11 h in local time. 

In Fig. 2 and Table 1 are shown the two kinds of average storm・time varia-

tions (Dst) of H, D and Z for SC(a) group of 123 storms and SC (c) group of 143 

storms, excluding the storms with missing records, those associating with other ones 

occurred in the first 48 hours after their commencements and also those with double 

main phases. The daily frequencies of occurrence of adopted storms are shown in 

Fig. 1 by the dotted lines. These Dst-curves are derived from the hourly values 

of storm days subtracted the quiet day mean variations of the corresponding months, 

respectively. All hourly values used are the momentary values, and then 0 h of Dst 

stands for the whole hour nearest to the .time of sudden commencement. The 

ground levels given in Fig. 2 and Table 1 show the values at -1 h in storm・time, so 

the following values should be added to all values given in Fig. 2 and Table 1 

when the levels are to be changed for 24 hours' mean values before commencements. 

For SC(a) H: +4.2γ， 
D: +o.’15, z: +1. 6γ 
For SC(c) H : +o. 7’y, 
D: -0.'05, Z：ー0.6γ

Referring to the distribution of 

magnitude of storms the frequencies 

spectrum for the maximum ranges of 

H-traces are shown in Fig. 3, of which 

means are 175γfor SC(a) and 97γfor 

SC(c), respectively. 

The first day’s mean (storm・time 

0-23 h) and. the second day’s m伺 n

(storm・time 24-47 h) after the com・ 
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Fig. 3. Frequencies for sp舵ifiedSUCCCS・ 
sive intervals of maximum ranges of H 
of adopted storms, 1924-1951, Kakioka. 

1 nencement minus 24 hours' mean be・ 

fore the commencement of storm (Dm) are respectively given as follows. 

SC(a) first day second day SC(c）五rstday second day 

H: -47. 2γ ー26."6γ －14.4γ －19.6γ
D : -1.'28 -0.’72 -0.'41 ー0.'49

z : +1. 4’y +5.6γ ー0・6γ ＋2.7γ

D : positive if towards the East 

Z : positive if vertically downwards 

As for the value of Dm for H, the ratio of the second day to the first day 
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is 0. 6 for SC(a) and 1. 4 for SC(c), respectively. In this connection, the mean value 

of disturbed days minus quiet 

F'irst削 d 蜘司 I days for 1925-1951 is calculated 

IOT as -25. 3iy for H. 
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Fig. 4. Disturbance daily variation on storm day 
(SD), 1924・1951,Kakioka. 

The mean・ disturbance daily 

variations (SD) for the 1st day and 

2nd day derived from the series of 

Dsts arranged for each local time 

s"' of occurrence, and shown in Fig. 

o 4 and Table 2. Their harmonic 

amplitudes and phase angles are 

~ given in Table 3. The amplitude 

en and phase angle (},, of the Fou・ 

:( 
0 

~ 
rier series are given bv玄Cn sin 

(nt+fJ,,), where t is reckoned from 

the 135。E.M. midnight.・ Asre・ 
gards ・to the amplitude of SD-

variation, there ・ is seen a great 

decrease from the 1st day to the 

2nd day for SC(a), but is not so 

for SC(c), that is, as for the val・ 

ue of harmonic amplitude c1 for 

H the ratio of the 2nd day to the 

1st day is 0. 2 for SC(a) and 1. 2 

for SC(c), respectively. 

It is noted here that the general character of the curve of Dst is in similar 

tendency for the two groups, SC(a) and SC(c), but the former shows a larger am・ 

plitude and an earlier process of changes than the latter. There is no fundamental 

difference between the .Ost-variations obtained here and those recorded at several 

middle or low latitude stations so far as the H-trace is concerned. The D四tracehas 

a similar tendency to the H-trace, though it should be considered that the difference 

between the direction of geomagnetic axis of north pole （ψ） and the declination (D) 
at Kakioka is about 12。or13°, and so about 20% of variation of H-trace ought to 
take a role as D-trace. On the other hand, the Z-trace shows a particular change 

during the first several hours, which is quite different from that illustrated in the 

usual text book. Such a special type of Z-variation may be due to a special condi・ 

tion of the distribution of electrical conductivity in the earth’s interior, such as sug-

gested by T. Rikitake and others＜り. The difference between SC(a) and SC(c) in 
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regard to the general tendency of Dst and SD may correspond to 

result＜・＞ regarding .to that between ‘Great ’and 'Moderate ’storms. 

Changes of monthly and annual means of Dm 
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well as of all days, sub・ 

of quiet days? (Dm), 

respecti.vely i~ Fig. 5 and 

Table 4 for each month. B. Cynk<$> has 

studied the seasonal change of Dm in 

world-wide data, 

with two maxima in equinoxes and two 

minima in June and Dec.-Jan., 

mean of ・Dmbeing -26. 5γfor disturb・ 
ed days and -9. 9γfor all days. 

Annual values of Dm during 

shown in Fig. 6 and 

Table 5, and it will be seen from the 

figure that there is an obious 

spondence between the variations of the relative sunspot number 

the degree of it is different for different sunspot cycles. 
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§・4. ・s錨 sonalchange and year to y，飽rchange of SD and Sq for ll 

Although we have a detailed description of Sq_ by S. Imamiti＜の.and something 

about Sq, Sd and SD by T. Yumura<1> regarding the ・data at Kakioka, in the pres-

ent paper their harmonic analysises for each month and each year in the period 

1924-1951 are principally investigated for H-component. 

Monthly and seasonal means of Sq, Sd and SD, and also the results of bar-

monic analysises for them are shown in Fig. 7-13 and Table 6-9. As regards to 

seasonal changes of harmonic amplitudes and phase angles of diurnal variations of 
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Fig. 7. Diurnal variation of geomagnetic 
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Fig. 8. Diurnal variation of geomagnetic 
horizontal ・intensity, disturbed day, 
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H-component it is seen from the figures (Fig. 11-12) that: For c1 of Sq, it is greater 

and smaller in winter in general view, containing maximum value in 

August and minimum one in February, and 01 of Sq remains almost constant during 

April-November and smaller values during December-March. For c2 and c8 of 

Sq there are two maxima around April and September and predominant low val・ 

ues in winter, and for 02 and 88 of Sq there are greater in summer and smaller in 

winter, respectively. For c1 of SD there is a predominant maximum in September 

and a secondary one in April and two minima in January and July.θ， of SD is 
greater in summer and smaller in winter, except the smaller value in July. 

summer m 

!OT 

r 
10 

5 

10 

10 

ヲ

。

ヲ。
ち

H骨 component ご.f: 
／ー．ー・－$" 
,/・ ...... ¥. 
，，＼＼  

’＇！－.. ＼、
司令・

、

白血旦立

，J

，f／
 

、v

v

、、、、．

、、‘、

、‘『
h

－、

、、？、‘．

z
y
 
’10 

戸
内
，
，

T
 
F
「〆

r
E
E
E
L
 

H-co民ponent~ 

、

ii. 2• 20 IS 16 l骨12 10 8 6 ヰ2 。zo 21 .u 18 16 14-12 10 8 6 4 之。
IH・E門.T.i I¥ hOLltS 

Fig. 10. Diurnal variation of geomagnelic 
hori7.ontal intensity, quiet day, disturbed 
day, and disturbed day minus quiet day 
(SD) 1925-・1951,Kakioka. 

I.WE門Iin hours 

Fig. 9. SD-variation of geomagnetic 
horizontal intensity, disturbed day 
minus quiet day, 1925--1951, Kaki・ 
oka. 



34 Y. YOKOUCHI 

T 

8 

。

r 
8 

4 

0 
J 

4主

ζ』

f ド1

官‘

JO 

114ル，..・f111¥U'l da'J:J 1111.rl~t曲～ 20 

eulet d '! J 1ur-"4S' I H~fOM叶．

H·同開戸堤••t

A M J J 

10 

ー司－ l>I $lurt>td day 
－－ー” OU1o金 4-y

A ・s 。

y 

a 

。

N l> 
附onth.

Fig. 11. Harmonic ・ amplitudes c11 ・ c: and 

c8 of diurnal variation of H, quiet and 

disturbed day, 1925-1951, Kakioka. 

2o4 

200' 

160 

12。

H・制...,. ..・d
fi.J 

Ot 
－－－－ーー・．．.~－－ －・・・・・・・・・・・・・4・－－

e’ 
／ 

．．句．，一ー．・e

e. 

. ． 

-----・・ ..・a
-・・・・--・-－・・・・・・・・・・ー・－－－－・・、

J 、
／ 、

／＼  

4~ 

。

a。ト＼

40 
ぜ

。
喝。

J f M A M J J A s 。N I> 
刊帽Ill.

Fig. 12. Harmonic phase angles 011 02 and 03 

l" 
15 

10 

5 

of diurnnl variation of H, quiet day and 
disturbed day, 1925-1951, Knkioka. 

J 

H...:t同伊‘・d -81、 20' 。
h・•20

・40

．．．．‘、 ....・・・・崎、～． _,,. ..... .. －－、・・・．喧・・・・ ＼． ．／’ ・・・・・・・~，，..
・ －．』ー・・・ ·~ ー－ ~－－・ー
’ ～『・戸 一

F ト4 A ト4 J J A s 。N I> 
Montk. 

Fig. 13. . Harmonic amplitudes c., c2 and c8 and 
phase angle 01 of SD-variation of H, disturb・ 
ed day minus quiet day, 1925・1951,Kakioka. 



、、

． 、

GEOMAGNETIC DISTURBANCES AT KAKIOKA 35 

The harmonic amplitudes and phase angles for the yearly mean diurnal varia-

tions Sq, Sd and SD are shown in Fig. 14-18 and given in Table 10-11. C1t c2 and 

Ca of Sq all show almost a similar tendency of changes, which corresponds to that of 

the sunspot variation, though their magnitudes decrease slowly from year to year.。h
02 and Oa of Sq all remain almost constant throughout period, if irregular fluctuations 

are ignored. c1 of SD is fairly similar with that of solar variation for the period 

from 1925 to about 1934, but clearly not so from about 1935, increasing thereafter 

from year to year with some irregularities. The annual values of θI of SD is 

about -15°, averaging some irregularities contained. 

§ 5 Conclusion 

The following facts are concluded from this investigation. 

(1) The frequency of occurrence of G-storms shows a diurnal variation with 

the maximum around 11 h in local time. 

(2) Dst-curve obtained for H-component shows a similar tendency of changes 

with the results of other middle or low latitude stations. 

(3) Dst-curves of the declination shows a similar tendency of variation with 

H-trace, and it may be considered almost as the effect of D-'lfr. 

(4) Dst-curve of Z shows a 

particular change during the first 

several hours and it may be due to 

some special distribution of electri-

cal conductivity with in the earth’s 4 

mtenor. 

(5) The seasonal change of 

Dm has two maxima in equinoxes 

and two minima in June and Dec.-

Jan. 

(6) The year Ito year change 

of Dm corresponds to that of the 

solar variation, but the magnitude 

differs for each sunspot cycle. 

(7) The seasonal change of 

c, of SD shows a predominant max・ 

imum in September and a secondary 

one in April and two minima in 

January and July. 

(8) The year to year change 
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of c1 of SD shows a similar tend・ 

ency with that of the solar 

variation during 1925-1934. but 

does not so thereafer, increas・ 

ing the magnitude from year 

to year with some irregularities. 

Although we have vari・ 

ous kinds of the changes of 

annual means for the geomag・ 

netic data at Kakioka, their 

correspondencies to sun~pot 

variations are different each 

other, and precise investigations 

of these changes will be remain・ 

ed as a feature task. The vari・ 

ations are shown in Fig. 19 in 

the benefit of inspection. 
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Table 1. Average storm・time variations of geomagnetic storms (Dst), 1924-1951, Kakioka. 
123 storms forぽ；（a),143 storms for SC(c) 

unit: H：γ，D：’， Z：γ hours 
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Kakioka. Disturbance daily variations on storm・days (SD), 1924-1951, Table 2. 

123 storms for SC(a), 143 storms for SC(c) 
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GEOMAGNETIC DISTURBANCES AT KAKIOKA 

Table 3. Harmonic analysys of SD-variations of 
geomagnetic storms, 1924・1951,Kakioka. 
unit; H：’Y, D：’， Z：γ 

SC(a) 

Amplitude Phase angle（。〉

Isl H 

D 
day I z 

、

1st 

day 

SC(c) 

2nd 

day 

D: positive if towards the East 
Z・: positive if vertically downwards 

Cnsin(nt+On); where t is the time from 135・
E.M. mi伽ighl.

41 

Table 4. Monthly values of Dm for 
H, 1925-1951, Kakioka. unit ：γ 
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Kakioka. Diurnal vnrintions of geomagnetic horizontal intensity, disturbed days (Sd), 1925-1951, Table 7. 
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Table 10. Harmonic analysis of mean diurnal variations of geomagnetic 

horizontal intensity, 1925噌1951,Kakioka .. 

unit ; amplitude ：γ，phase angle : degree 
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Table 11. Harmonic analysis of m回 ndiurnal variations of geomagnetic horizontal 
intensity, disturbed days minus quiet days (SD), 1925・1951,Kakioka. 

unit; c：γ，。； degree
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