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On the Distribution of Geomagnetic Storms 

in the Sunspot Cycle 

Part I 

The Distribution of Great Magnetic Storms 
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栂要

3 

太陽黒点遡期における磁気嵐の~f'発生矧度の分布について，磁気嵐の型を考慮しない時，著者主主

は大きな磁気嵐が太陽黒点週期と注目すべき関係があることを見出した。即ち太陽黒点の年平均簡

を”とし.11の前年との差の絶対値を I.Jn Iとすれば，柿岡地磁気観測所における K指数のーIi

の合計が 30或いはお より大きな磁気胤の年発生観度は

an + b I ,Jn I + c 
によってあらわされる。 ここに α，b,cはそれぞれ最小自乗法によって求められた常数である。

§ 1. Introduction 

Statistical investigations of correlations between annual means of magnetic 

and solar activity were made hitherto by many investigators 〔1〕〔2). So it is 

well known that the frequencies of occurrence of magnetic storms have a fairly 

good correlation with sunspot numbers. In most cas白 ofthe statistics, however, 

maximum ranges of the horizontal component or other elements of geomagnetic 

field, magnetic character figure and u-measure were used as a measure of 

magnetic activity. Jn this note it is tried from the angle of K-indices to show the 

clear relationship between annual sunspot numbers and the annual frequencies of 

occurrence of great magnetic disturbance at Kakioka. 
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Data of Geomagnetic Storms 

For this statistics were used data of principal magnetic disturbances observed 

at Kakioka during the period from 1924 to 1951 ( 3〕andgeomagnetic indices K at 

Kakioka. Since magnetic indices K at Kakioka are available from 1942, we cannot 

but adopt data from 1942 to 1951 in order to see the distribution of geomagnetic 

disturbances over the indices K at Kakioka. 

§ 2. 

In the first place, let N (ZK ~ i) denotes the annual numbers of magnetic 

disturbances whose maximal daily sum of indices K during each disturbance is equal 

to or more than i. 

During the interval above mentioned』384principal magnetic disturbances are 

available without regard to their type and magnitude. Annual distributions of them 

for the various ranges of ZK (daily sum of indices K) are given in Table I, and 

histogram of them is shown in Fig. 1. Table II shows the annual distributions of 

N (ZK ~ 30) and N (ZKミ35)from 1942 to 1951. Fig. 2 shows 

distribution of total number of magnetic disturbances, N (ZK z 30) and NぐZK注
annual the 
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Fig. 1. Distribution of geomagnetic disturbances from 1942 to 1951. 

10 IP JO 40 
Y:K-
i11f，’J 

mN 
d
 N
F
 

－m
a
J
 

E
Z
H
 

10 



υN 'J'HEυIST伏IBUTIONOF GEOMAGNETIC STORMS JN THE SUNSPOT CYCLE 5 

Table I. Annual distribution of geomagnetic disturbances from 1942 to 1951 at Kakioka 

Sum Range 
of 2.'K 

5～ 9 
10～14 
16～19 
20～24 
26～29 
30～34 
36～39 
40～44 
46～49 
60～64 
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14 
31 
78 
116 
85 
40 
11 
6 
1 

Sum I 34 20 17 29 51 35 60 6S 45 50 I 384 
Table II. Annual distribution of N (If（~ 30) and N (1.'J( ~ 36) from 1942 to 1961. 

1942 1943 1944 1945 1946 1947 1948 1949 1960 

N（どK ~ 30) 
N (2.'K ~ 35) 
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Fig. 2. Annual sunspot number, n, the absolute 
value of difference of 11 from the previous 
year, I i111 I, total number of geomagnetic 
disturbances, and annual distributions of 
N (l'K ~ 30)and N (IK ~ 35). 

35), together with annual sunspot 

numbers, 11, and !ilnl which repr白 ent

the absolute value of difference of n 

from the previous year. 

~ 3. Analysis and result 

From Table II and Fig. 2, it 

is found that both N （~K 注 30) and 

N (ZK ~ 35) have peaks over the 

solar cycle, that is, in the period 

of ascent and especially of decline 

of sunspot number n rather than 

around its maximum, showing a close 

connection with I iln I, not only n. 
Therefore, it will be able to presume 

the following regression formula : 

an+ blilnl + c = n (ZK:?: i) 

.. ( 1) 

where a, b and c are coefficients 

determined by the method of least 

square, and the fairly large numerical 

values of i, such as 30 or 35，訂e
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suitable for this formula. 

When annual sunspot numbers are given, if these three coefficients, a, b, 

c, in eq. ( 1) are determined, predicted values of NぐIK::=:: 30) or NぐIK::;::35) 

for each year, denoted by N calc (ZK ::=:: 30) or N calc (ZK ::=:: 35) respectively, are 

able to be obtained from eq. ( 1 ). 

Probable values of these coefficients, ao, bo，臼， forthe cases of N (ZK ~と 30)

and N (IK ~と 35) are determined as shown in Table III. 

Table III. Probable values of coefficients in eq. ( 1) 

Pro凶 evalues 同一…rror
匂同 ω ｜
0.052 

0.偲6

0.128 

0.117 

3.1 

一一一－・ 一一」

7.213 

0.006 1.8 

for the case of N （どK~ 30) 
for the case of N （どJ(~ 35) 

Thus, the results of calculation of N calc (IK注30)and N calc (,EK ::2: ：~5) 

from 1943 to 1951 are displayed in Fig. 3. Comparing these figures with curves of 

N (ZK ::2: 30) and N (ZK二三35) in 

1!142 43 44 45 46 47 40 4J 50 SI Fig. 2, we see a fairly good fitness 

of calculations by eq. ( 1 ) to 

observations. Now, if we let r u 

(ZK ::=:: i) N calc (IK ::=:: i) represent 

the correlation coefficient between 

observation number N (.EK誌の
and calculation N calc ぐIf（~とり，

20 

IS 

10 

t「

0 

Fig. 3. Neale (IKミ30)and Neale (2.'K;;::: 36). 

corrE!lation coefficients for .EK注30

and .EK注 35are obtained respect-

ively as follows : 

ra (IKミ30)N calcぐIK::2: 30）口0.82

ru (IK ::2: 35) N calc (ZK ::2: 35) = 0.89 

Whereas, simple correlation coefficients between N （£！（とり andsunspot 

number n itself, ru (.EK主主 i ). n , are not so good as follows : 

fN  (.EKと30).n 田 0.61

fN ぐZK ~と 35). n = 0.67 

From above results, we find that there is a fairly good agreement between 

calculated values of eq. ( 1 ) and observations, although the statistics are not so 

sufficient yet to establish a conclusive characteristics of distribution of magnetic 

.storms in the sunspot cycle. 
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As an example, if anyone wish to know, he may predict the number of 

great magnetic storms, N calc (IKミ30)or N cak (IK三35),in 1957 as follows : 

N calc (IKミ30）～22

and 

N calc (KZ ~三 35）～ 11

where the predicted value of sunspot number, n, for 1957 is assumed about 170, 

as calculated by using a so-called basic function in Part II, of our paper under 

the same title. 

It is desired that similar analysis are carried out by using extended data over 

several solar cycles and, furthermore, Kp instead of K at Kakioka to test the 

above conclusion. 

It seems, at any rate, that solar activity, relating to the ejection of 

corpuscular streams which cause great magnetic storms on the earth, more increases 

in the period of ascent or decline of the sunspot numbers rather than around the 

sunspot maximum. 

We wish to thank the members of Kakioka Magnetic Observotory and 

Geoelectric and Geomagnetic Laboaratory of Meteorological Research Institute, 

Tokyo, for their helpful criticism in this work, 
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Part II 

概要

太陽黒点周期と念始磁気Jihlの統帥的研究から， IGY観測期間中における 1957~r~及び 1958 年

の柿問の念始降気）lit.の年発生制度は，それぞれ 80%の信頼度において 30士4及び 29土 4の随

I≫！で予報出来ることを示す．

§ 1. Introduction 

It has been well known 〔1〕thatthere is a close connection between annual 

frequencies of occurrence of magnetic storms with sudden commencement (SC storms) 

and sunspot numbers. Apart from this outstanding fact, the authors first inv-

estigated annual frequencies of occurrence of great magnetic storms, N, in the 

sunspot cycle without regard to type of storms, i. e. which include non-SC storms, 

and found that N is calculated by following formula, 

N = an + b I Jn I + c 
where n denotes the annual sunspot number, I .dnl the absolute value of difference 
of n from the previous year, and a, b and c constants to be determined by the 

method of least square. 

In this paper Part II, authors investigate that how to forecast the annual 

frequencies of occu打叩ceof SC storms (exclude non-SC storms) with in any range 

of error. And then authors estimate the frequencies of occurrence of SC storms 

in 1957 and 1958, the period of IGY observation. 

§ 2. The correlation coe錨cientand the regression line 

Table 1 shows the frequencies ( % ) of maximum ranges of SC storms for 

their successive 50γintervals which were observed during 33 years from 1924 to 

1956 at Kakioka. 

Table 1. The frequencies （~，；） of maximum ranges of SC storms during 

33 years from 1924 to 1956 at Kakioka 
ー一一一 ー，ー ーー一 一一一

Maximum range 

H く50 50～100 100～150 150～200 200～250 250～300 soorく
1 36 34 12 8 4 5 。く 5 5～10 10～15 15～20 20’く
7 39 35 lQ 3 

z く50 60～100 100～150 150～200 2oor・く
29 58 10 1 2 

Total 

100% 

lOOJb 

10051& 
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In Fig. 1 is graphically shown the correlation b~tween annual frequencies of 

occurrence of SC storms and annual sunspot numbers. The correration coefficient 

of the samples, r is 0. 92, and the range of correlation coefficient of populations ρ 

at the confidence coefficient of 95 <Jf, is 0. 96 ＞ρ＞ 0. 84 Fig. 2. shows the regression 

line and the confidence belts at 95 % and 80 % • The regression equation is 

y = 2. 4 + o. 19 x (l) 

where Y denotes annual frequencies of occurrence of SC storms and X annual 

sunspot numbers. The standard deviation of Y，σr is calculated as 3. 6. 
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Accordingly, it is concluded that if it is possible to forecast annual sunspot 

numbers, the forecasting of annual frequencies of occurrence of SC storms are 

also possible with the ranges of error，土7.2，土4.7 and 土3.1 corresponding to 

the confidence coefficients of 95 % , 80 % , and 60 % respectively. 

§ 3. The basic number 

According to the investigation of Stewart and Panofsky 〔2〕， theannual 

sunspot numbers n are exprE!ssed as follows, 

n = /84 e『 bll (2) 

where fl is the time variable measured from a minimum, and /, a and b are all 

parameters selected for any one cycle. Since the variable θand three parameters 

f, a and b are all different in different cycles, it is difficult to estimate the future 

sunspot numbers, even though their formula can express approximately the 

annual sunspot numbers in the past. 

In order to remove this difficulty, Granger 〔3〕derivedstatistically a basic 

cycle which was represented only by one variable θ． 

l.O ・ー

’~ ・・
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’ （8) 
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Fig. 3. The basic cycle (average curve of 18 cycles from 1765 to 1953) 

Fig. 3 shows the basic cycle, which is derived by averaging over 18 cycles 

from 1755 to 1953t where the basic number represents the ratio of the annual 

mean to the respective cycle mean of sunspot numbers. 

The cycle mean of sunspot number, M, as it is seen in Fig. 4, changes 

periodically during the 18 cycles, probably as a superposed result of two or more 

periodic changes. It may be not unreasonable to suppose from the figure M > 55 
for the next cycle beginning from 1954. 
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In table 2 and 3 are given the frequency distributions of L and ρ，where p 

is the ratio of the length in months between a minimum and the next maximum 

to the length in months between two consecutive minima L. 

Then, if we consider the case of L~ 123 at M> 55 and ρ三0.42 at M>  45 in 

table 2 and table 3, it will be estimated for the next cycle beginning from 1954 that 

the value of L is 10 years and the maximum falls in 1957, the fourth year reckoned 

from the minimum year 1954. Accordingly the following basic number is applicable. 

Year －｜」竺－ －~－ －－竺－竺ー竺三と 竺ヤ . _62 －~と
basic number I O. 29 0. 92 四 川 1.75 1.58 1 19 同 0.57 0.27 

Table 2. The relationship between the cycle means of sunspot numbers M and 
the length in months of each cycle from a minimum to the next minimum L 
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1・ To凶

M「 ~38
38 < .Aグ ~55
M>65 

L ~ 123 

0 
2 
4 

123く L~ 136 L > 136 

Total 6 4 

Table 3. The relationship between the cycle mean of sunspot 
(Max2.ー（Min)

number Af and ρ＝ － ＂［，一一一
一－ρ孟0.42 ρ＞0.-12 Total 

M ::;; 45 3 。 9 
ルf> •15 リ 。 。

12 18 
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§ 4. Application to forecasting and its results 

－
e

d

s

n

e

t

／
O

’
d

s

 

m－
由

民

a

・ω
出
．
m
ヲ

宮

内

匂

E

m

H
A
I
矧

J

t

1
・u

0

．H
d

f

h
川

抑

制

1
・
け
・
m

M

U

M
け

附

位

制

A

X

U

4

（

e
a
C
M
a
z

－
－
－
口
、
，

a

e

q

－

d

n

n

5

e

x

c

 

m
m．－
お

S

ト

・

間

以

ω・

仙

れ

耐

え

い

時

間

同

a
ゆ

S

は

o

t

2

J

U

ヲ

i

’

悶

－

p

a

－

e

s

m

o

t

n

n

E

 

吋

刀

M

h

目

前

i

c

8

創

吋

m

f
伺

創

川

m
e
q
町＝

c
η
，X
M

F

叩

剖

針

l

m

ω別
刷

出

伽

r

的
レ
恥
何
一
日
・

m
m

1

1

d

y

d

n

f

e

t

れ

L

L

n

c

w

u

f

I

o

b

a

a

l

－

a

o

 

－
－
、
刊
日

帥
’

m
u

s

 

n

u

 

c

e

 

－
－

v
 

q
u

‘．
 

川
崎

0

・，k

－－A
e

g

 

力

n

1

i

 

n

u

 

m
u
d
 

w
八
J

d
o
 

h
u
 
C
M
 

n
m比
o
v
－
 

－

u
o
 

h

M

M
副

問

CQM
 

戸
、
L
U
S
A
 

t

0

 

3

e

 

W

C

 

ぴ

市

川

h
u
t
 

s
n
 

5・

ω
．0
 

g

f

 

R

o

 

白・1c
 
n
 
e
 

4 

J2 ・・

y•t90X ・ 4.f 宇・us
(lo〆~ρ/1T1I. . 1947 b 1956) 

19S7 必主4 (80%) 

19S8 2'I t. 4 (80 % ) 23 

山

岬

｝

M
W

川

市

川

M

8

川
市

H
a
E
S
E
t
y－
uh可

9>!; 80耳 60：~

士6J ιI? 土lS

IS 20 

B<Ui<, 端情臥
in 1957 and 19臼 are

estimated to be 30 and 29, 

Considering the character of the basic curve, well fitted particularly over the 

middle range, and the striking increase of sunspot number up to date (the annual 

sunspot numb~r for 1957 is assumed about 170), 34 instead of 30 may be more 

appropriately estimated for the annual frequencies of occurrence of SC storm in 

1957, the former number being calculated by the uper limit of the belt of 

confidence at 80 % • 

Fi.8. 5. The results of the forecast 
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