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Abstract

In this paper, the local-time and latitudinal occurrence features of four classified
types of H- and D-components for sudden commencements of magnetic storms, ssc, and
sudden impulses, si, are investigated for 11 stations from high latitudes to the equatorial
latitudes much more in details than in the previous paper.

Some several characteristics of magnitudes of ssc’s, +si’s and —si’s at College are
studied preliminarily.

The results in the previous paper are confirmed by the present results. It is empha-
sized that there are no essential differences of morphological features concerned here at all

among ssc’s, +si’s and -si’s.

§ 1. Introduction

The morphologies of sudden commencements of magnetic storms (ssc) and sudden
impulses (si) have been studied by many researchers. Some morphological studies
have been carried out by the present author, too. (1), (2) Some of his results are not
well established, because of the insufficient data, though they are considered to be
interesting enough.

In this paper, studies of classified type of ssc and si are carried out more pre-
cisely in order to confirm the preliminary result in the previous paper. The occur-
ence frequency of each type is investigated for the data from 11 stations which are
distributed from the equatorial zone to the high latitude region. Furthermore, some
characteristics of magnitudes of ssc and si variations at College are studied prelimi-
narily.

§ 2. Data used in the Present Studies and Notations of Four
Types of ssc and si for Each ‘Component

The data used in the present studies are ssc’s and si’s on the normal-run magne-
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List of the observatories used and years surveied in the study.

Observatories used l Abbr. ! 'Geofnaé.'Lat. Geomag. L'ong‘.‘ " Years surveied
College | Co ! +64.5" 1 255.4 1950—1959
Sitka si | +60.0 275.4 1950—1959
Abinger Ab +54.0 83.3 1950—1956
Hartland Ha +54.0 - |- 84.0 1957—1958
Cheltenham Ch +50.1 4 350.5 1950—1955
Frederickshurg Fr +50.0 350.5 1956—1959
Tucson Tu 0.4 312.2 ! 1950—1960
San Juan . sy +29.9 32 1950—1959
Kakioka Ka +26,0 - 206.0 1956—1962
Honolulu Ho +21.1 266. 5 1950—1959

} Koror | Kr l - 33 203.0 1957—1958
Table 2. Total numbers of the anaylsed
events at the main stations.
B 1 +si | —si
7 707{) } 181 | 20 | 260
| : 320 i 123
Ab and Ha ‘ 257 | 102
Ch and Fr ‘ 34 | 184
Ta | 386 L 164
Ho i 302 f- nz
Kr | 56 ! 35
Table 3. Notations of the every classified types for H-, D- ax;d Z-components.
H-comp. D-comp. Z-comp.
Types| | - , . —
ssC ‘+51|—51 ssc ! + si ’ —si SsC + si ‘ — si
(1) |SSC*| +SI* ‘ -SI¥ [SSCHD) | +SI*(D) | -SI*(D) SC*(Z)i +SI%2) j -SI%Z)
Complex Types |-———f—-- |- - —— L R
: L) [iSSCH |+iSI* }-iSI* 1SSC*(D)’+1SI*(D ) |-iSI*(D) [+iSSIXZ), +SI¥2) | -iSI%@)
- ufnf] ssc | ss1 | -ist ssc@ “751(77) | -istoy| sscw | +si@ | -isia
Simple Types - —— :
av) nsscl +.51J -SI |issc)| +isiD) | -s1 D) |issC@) +i31(2)[ -sl2)
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tograms of the 11 stations which are distributed from high latitudes (65°) to the
equatorial region. The stations are shown in Table 1 together with their abbreviations
and the location in geomagnetic coordinates. The surveied periods are also listed in
the table. The total numbers of the analysed events are given in Table 2. These
events in high latitudes are selected by picking out the impulsive changes which are
corresponiding to the ssc’s or si's in low latitudes.

Ssc and si varia'tions for each component are classified into four types according
to their shzglpe on the magnetogram as it was done already in the previous paper.
These four types are illustrated again in Fig.l. Their notations are summarized again
in Table 3. The types of the upper two classes (Types (I] and [II]) shown in the

[

table are called “complex types”, because they have both preliminary and main
impulses. On the other hand, the types of the lower two classes (Types [III] and
(IV])) are called “simple types”, because they have only a main impulse. These no-
tations are complicated slightly, because they are given independently for each compo-
nent. The following matters should be noted to avoid some confusions. Sudden
impulses si are divided into two classes, +si and —si. The sign + is given in accord-
ance with the sense of H-change in low latitudes. ~Furthermore, each component of
+si and —si are separately named as is shown in Table 3 in accordance with the
types (1], (1), (III] and [IV] at each station. The sign + in this case is the same
as the +si and —si. The names of each type of each component of the ssc given
at each station are shown in the table, too.

§ 3. Local-time Occurrence Frequencies of Each Type of
ss¢, +si and —si at Each Station.

The local-time occurrence frequencies of four types of the ssc, +si and —si
investigated mainly for the H- and D-components. Fig. 2 shows the local-time occu-
rrence frequency variations of all complex types of the H- and Z-components and of
all simple types of the H-component for ssc’s +si’s and —si’s at College. Fig.3 shows
the local-time occurrence frequency variations of the sum of ssc’s and +si’s and —si’s
for all complex types of the H-component at the other stations. The reason why these
occurrence frequency variations of the sum of ssc’s and +si’s are given without dis-
tingishing those of ssc’s and +si’s is that the occurrence frequency variations of the
corresponding types of ssc’s and 4si’s are quite similar as can be seen in the case
of H-component at College in Fig. 2. Fig.4 shows the local-time occurrence frequency
variations of the sum of ssc’s and +si’s and —si’s for all complex types of the D-com-
ponent at all stations. .

In these figures, the white circles represent the type [IJ, and the black circles



8 Y. Sano

represent the type (II). On the other hand, the triangles and crosses represent the
types (III] and [IV], respectively.

Complex Type Simple - Type

E| + El 4+ E| + E
R WA R
HZ D|HZ DI|HZ D.

. -1
M| | m | W

Fig. 1. Classification of each component and names of each classified type.
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Fig. 2. Local-time occurrence frequency variations of complex and simple types of
H and Z-components for ssc’s, +si’s and —si’s at College. White O, and
black, @, circles represent type (II) such as iSSC¥ and type [I] such as
SSC¥, +SI¥, respectively. White triangles, A, and crosses, X, represent
type (III) and [IV].
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Fig. 3 Local-time occurrence frequency variations of complex types of H-component
for the sum of ssc’s and -+si’s, and —si’s at Sitka, Cheltenham (Fr), Tucson
and Koror. Representation of each type is the same in Fig. 2.

(1) Features of Local-time Occurrence Frequencies of the Complex Type
Sfor H-component

As can be seen in Fig. 2 and 3, the local-time occurrence frequency variations
of SSC¥s and +SI*s exhibit nearly similar features for all stations except Koror in
the equatorial region. Namely, each of them has the maximum of occurrence around
15 hour in loecal-time, though these features are much more distinet in higher latitudes
than in lower latitudes. On the other hand, the local-time occurrence frequency var-
iation of these types at Koror shows the noon maximum.

The percentages of total occurrence frequencies of these types for all analysed
events become much smaller and smaller as thay go to the lower latitude stations
except the equatorial station. But these percentages are greater at Koror than at the
other low latitude stations. Furthermore, the occurrences of these types are restricted
to the afternoon hours at the low latitude stations (including Tu) and to several hours
around the noon at Koror. On the contrary, the occurrence of these types in the
forenoon hours are few at the high latitude stations.

The local-time occurrence frequency variations of the inverted type; iSSC* and

+iSI* exhibit contrasting features to those of SSC¥’s and --iSI¥’s said above. As can



10 Y. Sano
Na. No | L
“F D +SIand SSC ©  p -gl
S
8
No.
20f D . +Sland SSC q; 2r D -SI S:
| - RN ol i
10 .,c/"{ 0\#:.,‘,«:\4 — 0” ~
0 2 18 0 6 12 18
Noo 0 D +ST and SSC No. D -S]
Chand Ay Ch and Ab
10 10 , o
27N\ -;.f‘ >
60 6 12 1B 24T 0 6 12 18 o
No. .. SSCand+SI [\1; D ST -
oo /;.\.\g"w\
0 6 12 18 A
D +Sland SSC D +STand SSC

Fig. 4.

for the sum of ssc’s and +si’s, and —si’s at all stations.
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Representation

of each type is the same as in Fig. 2.

be seen in the same figures, each of them shows the maximum of occurrence around 10
hour at the stations from high latitudes to middle latitudes (65°~40°). Generally
speaking, the occurrence frequency variations of the types [I] and [II] in these regions
are approximately symmetrical to each others with respect to the noon meridian,
However, iSSC*s and +iSI¥’s at the middle
latitude stations ; Tu, Fr, etc, have the shorter occurrence periods those for SSC*’s
and +SI¥s, At the low latitude stations, Ho, SJ,
Ka, and the equatorial station, Kr, these types do not appear entirely except some

especially, at the high latitude stations.

That is several hours or more.
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special cases. It is the remarkable fact that these occurrence features are essentially
different from those of SSC*’s and -+ SI*’s. '

As regards the occurrence features of the complex types for the —si, the follow-
ing fact can be found easily if comparing the occurrence frequency variations for the
ssc and +si with those for the —si in Figs. 2 and 3. The local-time occurrence fre-
quency variations of the type (IJ and [II] for the —si are quite similar to those of
the types (II] and [I) for the ssc and +si at all the stations. Namely, —SI*s and
—iSI*s exhibit the forenoon maximum and the afternoon maximum corresponding to
those of iISSC*¥s (and +iSI*’s) and SSC*’s (and+SI*’s) at every stations. The other
occurrence features for the —si are also quite the same as said in the case of the ssc
and +si.

(2) Features of Local-time Occurrence Frequencies of the Complex
Types for D-component.

The occurrence features of the complex types for the D-component show some
different characteristics between ‘the high - latitude- stations and the low latitude sta-
tions. Then, at the middle latitude stations they show some intermediate character-
istics.

The above general results can be seen clearly in Fig. 4. The local-time occur-
rence frequency variations of SSC*(D)’s and +SI*(D)’s show the great maximum
of occurrence around 11 hour at the high latitude stations, Co and Si. On the other
hand, these at stations from middle latitudes to low latitudes; Ch, Tu, Ho,
etc, exhibit distinctly two maximums in the afterncon and in the forenocon. And
the local-times of the maximum change from station to station. In general, the
times of the maximum are earlier in lower latitudes than in higher latitudes.

The local-time occurrence variations of the reverse types ;iSSC*(D) and +iSI*
(D), have two distinct maximums in the forenoon and in the afternoon at all sta-
tions. The times of the maximum change in the same manner as for SSC*(D)’s and
+SI*(D)’s. ' ,

It should be noted that -each one of the two complex types at the middle latitude
stations such as Ab, Fr, etc occur in some degree of frequency also during the period
of predominant occurrence of the other one of the types, in particular, in the after-
noon. This is the reason why the occurrence features of these types at these stations
show the intermediate characteristics.

Unfortunately, the distinct occurrence frequency variations of these types are
not obtained at Koror because of the lack of the available data.

The local~time occurrence frequency variations of the types [I] and (II] for
the —si show nearly the same features as those of the types [II] and (I) for the

+si (including the ssc) similarly for the H-component. These are shown clearly in
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Fig. 4.
(3) Features of Local-time Occurrence Frequencies of the Complex
Types for Z-component
In this study, the local-time occurrence frequency variations of the complex
types for the Z-component are obtained only for College. These are shown at the
bottom of Fig. 2. As can be found from the figure, SSC*(Z)’s and +SI*(Z)’s exhibit
clearly the maximum of occurrence arouud 11 hour in local-time. On the other hand,
iSSC*(Z)’s and +iSI*(Z)’s exhibit the major maximum around 15 hour and the minor
maximum around 6 hour.
As regards the local-time occurrence frequency variations of the complex types
for the —si, the same statements as those for the H- and D-components are held
for this Z-component case, although this is limited to the occurrence features at College,

of course.

§ 4. Predominant Occurrence Regions of the Complex Types for
H- and D-components

Occurrence regions of the complex types can be given from the results in the
preceding section. These distributions are considered to be more precise than in the
previous paper. Fig. 5 shows two diagrams of the occurrence regions for the H-com-
ponent and for the D-component in the case of the ssc and +si. Each region shown
in the diagrams is fixed with respect to the sun-earth meridian. The hours given in
the diagrams are referred to the geomagnetic local-time.
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Fig. 5. Occurrence or predominant occurrence regions of complex types of H- and
D-components for ssc’s and +si’s. The times shown in the figure are
referred to the geomagnetic local-time.
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The diagram on the left of Fig. 5 shows the occurrence regions of the H-com-
ponent. The dotted part shows the occurrence region of iSSC*’s and +iSI*’s and the
dense dotted part represents the most frequent occurrence region. The hatched part
shows the occurrence region of SSC¥s and the double hatched part represents the
the most frequent occurrence region.

The diagram on the right of Fig. 5 shows the predominant occurrence regions
of the complex types for the D-component. The dotted parts show two predominant
occurrence regions of SSC*(D)’s and the dense dotted parts represent the most fre-
quent occurrence regions. Similarly the hatched part shows the predominant occur-
rence region of iSSC*(D)’s and the double hatched part represents the most frequent
occurrence region.

As regards the occurrence or predominant occurrence regions of the complex
types for the —si, each of them is corresponding to each region of reverse types of
the said complex types for the ssc and +si. Namely, the distributions of these occur-

rence regions are the same as those for the ssc and +si shown in Fig. 5, when the
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Fig. 6. Local-time variations of ratios ADp/AHp of ssc’s, +si’s and —si’s at College.
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types (IJ and {II] for the ssc and +si are read for the types (IIJ and (I) for the
—si in each component, respectively. This can be understood easily from the results
in the preceding section.

In conclusion, all of the present results agree essentially with. the results in the
previous paper which have been obtained from the data of rather small amount.
However, there are some minor differences between the formers and the latters. These
differences. are concerned mainly with the boundary .of the predominant occurrence
region of each type.. For example, the present occurrence region of SSC*(D)’s and
+SI*(D)’s on the afternocon side is a little bit smaller than the preliminary one. At
any rate, the preliminary results should be corrected suitably according to the present
results. And it is the most important result in the present study that the somewhat

indefinite matter in the previous paper can be confirmed clearly, especially for the
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§ 5. Several Characteristics of Magnitudes of ssc and si at College

The local-time and latitudinal occurrence features of complex types for the ssc,
+si and —si have been investigated in details in the preceding sections. Now, next
the coming is to investigate characteristics of magnitudes of the ssc and si. As the
first step of the research, the following several characteristics of ssc’s and si’s at
College are studied here preliminarily.

(1) Local-time dependencies of ratios of magnitudes of the D-component to
those of the H-component for PI, MI and the sum of PI and MI.

(2) Local-time dependencies of normalized magnitudes of PI, MI and the sum
of PI and ML

(3) Some other dependencies of normalized magnitudes of PI, MI and the
sum of PI and MI. (PI=Preliminary impulse, MI=Main impulse)

Figs. 6, 7 and 8 show the local-time variations of ratios of ADp/AHp, ADuy/
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Fig. 8. Local-time variations of ratios ADpyar/AHp4s of ssc’s, +si’s and —si’s at
College.
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AHy and ADpyy/AHpyn, respectively, where ADp, ADy and ADpiy represent the
magnitudes of the D-component of the PI, MI and the sum, and AHp, AHj) and
AHpyur represent those of the H-component. The plotted ratios are the absolute
values ignoring their sign 4. The white and black circles and crosses represent the
ratios of ssc’s, +si’s and —si’s, respectively. As can be seen in the figures, each
local-time variation of the ratios exhibits the maximum around the noon and the
broad minimum around the mid-night in average feature. The every maximums of
the ratios are much greater than 1.0. This means that the magnitudes of the D-

component are greater than those of the H-component around the noon. Furth-

AHé
40r4Hwo *
Hp— Comp.
Normalized Magnitude(College)

301 .

-30- «

Fig. 9. Local-time variations of normalized magnitudes of AHp; AHp/Apno for
ssc’s, +si’s and —si’s at College. Black circles, @, and crosses, X,
represent normalized magnitudes for ssc’s and +si’s and —si’s, respectively.
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AHY
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Hw= Comp.
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-30 L . . x

Fig. 10. Local-time variations of normalized magnitudes of AHy; AFyu/AHpyo,
for ssc’s, +si’s and —si’s at College. Representation of each magnitude
is the same as in Fig. 9.

ermore, the following two matters seem to be more interesting. The first one is that
there is a little difference between the features for the PI and MI. The other one
is that there is also a little difference among the features for the ssc, +si and —si.
However, as the individual plotted marks are distributed much widely, anything much
more detailed hardly is found from the figures.

Figs. 9, 10, 11 and 12 show the local-time variations of normalized magni-
tudes of four elements ; AHp, AHy, ADp and ADpsy. The normalized magnitudes
are the ratios of the magnitude of each impulse at College to that of MI in the H-

. ADp  AHp
component at Honolulu, AHy, : these are Al A, and etc. The sense of the
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Fig. 11. Local-time variations of normalized magnitudes of ADp; ADp/AHpy,,
for ssc’s, +si’s and —si’s at College. Representation of each magnitude
is the same as in Fig. 9.

normalized magnitudes is the same as the original one. The black circles on the
figures represent the normalized magnitudes of ssc’s and +si’s, and the crosses re-
present those of —si’s.

As shown by curves in these figures, there is seen a local-time variation as a
whole in the normalized magnitudes, though individual impulses change irregularly.
It is also interesting that the figures show that the normalized magnitudes for +si’s
(and ssc’s) and —si’s have the same degree of irregularity. There are considered
some possible origins which may cause such complexity of the time distribution of
magnitudes, even except an essential variety of the events themselves from case to
case. Two of such origins are checked here. First, Figs. 13, 14 and 15 show the
normalized magnitudes of the AHp, AHpsx and ADpyy v.s. AHuo's. Generally speak-
ing, each of them shows that the normalized magnitudes become greater and greater
as AHy,’s become smaller.

On the other hand, some selected normalized magnitudes of the AHy and ADy
are plotted against AHxn,/AT (AT=Rise time at Honolulu) in Fig. 16, in order to



Morphological Studies of SSC and SI 19

A ) Dz, Comp.
AP I Normalijecl Magni{ude(Co”ege)

10

’
"

l-l’ N
A PRI A
PPRRES (o)

Fig. 12. Local-time variations of normalized magnitudes of ADpyy; ADpia/AHno
for ssc’s +si's and —si’s at College. Representation of each magnitude
is the same as in Fig. 9.
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Fig. 13. AHgyo dependency of normalized magnitude. Normalized magnitudes of
AHp’s v.s AHyo's. White, O, black circles, @, and crosses, X repre-
sent the normalized magnitudes for ssc’s, +si’s, and —si’s, respectively.
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Fig. 14. AHpy, dependency of normalized magnitude. Normalized magnitudes of
AHpy's v.s AHpo’s. Representation of each magnitude is the same as
in Fig. 13.
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Fig. 15. AHpuo dependency of normalized magnitude. Normalized magnitudes of
ADy’s v.s AHpuo’s. Representation of each magnitude is the same as
in Fig. 13,
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Fig. 16. AHyo/AT dependencies of normalized magnitudes of AHj’s and ADy’s

which are selected according to the criteria shown in the figure.

check the AHyo/AT dependency of the magnitudes.
malized magnitudes are shown in the figure.

Criteria of selecting these nor-
All of the graphs on the figures exhi-
bit some positive correlations between the normalized magnitudes and the AHz,/AT’s.

In these ways, the several characters of magnitudes of ss¢’s and si’s at College
have been investigated preliminarily. It is interesting that there are no essential
differences of the characteristics among the ssc, +si and —si, or between the PI and

the MI, though the results are not so sufficient to conclude definitely.

§ 6. Conclnsions
In summary, the main following statistical results have been described in the
present study.

(1) The local-time occurrence frequency variations of every complex types
for the H- and D-components of ssc’s, +si’s and —si’s exhibit the
characteristic features which are given in Figs. 2, 3 and 4 at each station.

(2) The occurrence or predominant occurrence regions of every complex

types for the H- and D-components of ssc’s and -+si’s are given as
shown in Fig. 5. Those for —si’s are quite similar to those of the cor-
responding reverse types for the ssc and +si.

The preliminary results in the previous paper are confirmed definitely by the
In addition,

present results. it is emphasized that the ssc +si and —si have no
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difference at all in the essential morphological features concerned here as the extes-
ion of the preliminary study. This same conclusion is held on the several character-
istics of magnitudes of ssc’s +si’s and —si’s at College in the section 5.

In conclusion, the present author wishes to express his sincere thanks to Dr.
T. Yoshimatsu and Dr. K. Yanagihara for their encouragements and helpful advices
given through the study. The author is also indebted to the other members of the
Kakioka Magnetic Observatory for their discussions.
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