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Some Analyses of Dst and DS Fields of
Magnetic Storm during the IGY (1)

By

M. Nacal Y. Sano and K. YANAGIHARA
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§ 1. Introduction

The analyses on magnetic storm variations have been studied by many resear-
chers till now. They were begun by Moos and remarkably extended by Chapman,
Vestine and others.(1J(2) In recent years Chapman and Sugiura investigated the
world-wide characters of storm variation using a great of magnetic storms that occur-
red in 1902-1945, and discussed in detail about their results in the series of the
report “A study of morphology of magnetic storm”.(3) But those analyses are
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mainly statistical and the individual cases were not analysed so much.

In this paper some studies on the individual magnetic storm variations that
occurred in 1957 will be done. Magnetic storm var{ations, as well known, are
resolved into two parts generally : Dst which depends upon storm time 7" and DS
which depends on both storm time T and local time . Dst is divided into three
well defined stages, initial, main and last phases. We consider Dst’s and DS’s
development, recovery and relations between them at each stages using the data of
the hourly values of 9 stations, San Juan, Honolulu, Tucson, Kakioka and Tibilisi
in the low or middle geomagnetic latitude zone and Lerwick, Dixon, Tixie Bay and
Sitka in the auroral zone.

The preliminaly results for the 9 storms are the following :

1. During the initial phase, the intensity of DS is very weak generally.
The intensity of DS begins to increase at the almost same time when the main
phase begins (exactly, Dst begins to decrease) and reaches its maximum more
earlier than Dst.

3. The intensity of DS decreases rapidly.

s

DS’s are very intermitent and irregular.
5. Correlation between T-index and DS or Dst is relatively good.

These results coinside with the statistical ones essentially. But from the rather
irregular features of each individual storm variation, some imformations can be
obtained on the irregular and complicated stractures of the solar cloud.

We will investigate in near future all of magnetic storms that occurred during
the IGY (July 1957-Dec. 1958) to study the more detailed features.

§ 2. The method of analysis

In the present paper, 9 magnetic storms with sudden commencements that
occurred in 1957 are examined. These storms are listed with the other related
phenomena in Table 1. (4J(5)(6](73(8) Table 2 shows the geomagnetic and geo-
graphic coordinates of the stations used in the present analysis. = Our analyses are
made by the following method. It is well known from the statistical results that
Dst’s are much greater than DS’s in the low or middle geomagnetic latitude zone.
On the contrary, DS’s are much stronger than Dst’s in the auroral zone. Conse-
quently, the developments of Dst’s and DS’s can be discussed roughly by using Dst’s
of the low or middle latitude zone for the former one and DS’s of the auroral zone
for the latter. The world intensity of Dst’s for each storm time 7" are approximately
estimated here by the mean values of storm variations at San Juan, Honoluluy,
Tucson, Kakioka and Tibilisi in which Sq-variations are removed. This mean Dst
is regarded as Dst of the average latitude @, and is denoted by Dstf,. Mean-Dst’s
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at the other latitude @ for individual storm are deduced here from the Dst 8, of the
storm and the mean latitudinal distribution of Dst’s statistically obtained by Chapman
and Sugiura, (3] they are expressed as

Dst 9=A(8)/A(6,)+Dst 8,
where Dst@ is the Dst obtained at latitude @ and A(f) is the relative factor of the
distribution of the intensity of Dst at the latitude@. A(#) is shown in Fig.1.

Good approximation of the

—o— (real Storm ) .
world intensity of DS for any storm

Great Modesale ==== Moderate Storm ; .
1007 507 time (7") of the individual storm
== Weak Storm s 5 <
80 40 may be estimated by the intensity
60 30 b, of DS at the auroral zone station.
0 2 \‘_ : But, as the DS field changes with
20 10 B e local time , some reduction are
necessary for the world intensit
0 0 G £ 0 o h £ y

qo
Geomagnetic latitude  of DS-field for storm time 7.

Fig. 1 The values of minimum Dst in each latitudes  Lhe ratio I(f. &. T) of the hori-
regarded as the distribution functions of Dst. zontal component of DS of the

individual storm to the statistically averaged one is considered here. For statistical
mean-DS, Chapman and Sugiura’s recent result is used. So that, I(f. t. T) is
expressed as follows ;

I(0. t. T)=DSu(@. t. T)/SDxu(6. t)

where DSy (6. ¢. T') is the horizontal intensity of the individual DS and SDx(4. 2)
is the horizontal intensity of mean DS reported by Chapman and Sugiura (here the
SDx (0. t) of great storm and that of moderate storm are used for the storm on
Sept. 2, 4, 13, 21-23 and 29, and the storm on July 5 and Aug. 29 respectively.)

The DS of the auroral zone station is obtained from the disturbance variation
by substracting Dst deduced from the above method. If the world distribution of
DS-field is unaltered always except the change of its intensity, I(8. t. T)’s are con-
stant for all stations and may be the good approximations of the world intensity.
But many departures from the statistical mean-state are observed in the actual case.

In this paper the average of four auroral zone stations I(f. t. T) is taken as
the first approximation of the world intensity of DS-field and is denoted by I(T).
(I(T) is the average of I(6. t. T).) Four stations are Lerwick, Dixon, Tixie Bay
and Sitka listed in Table 2.

There are some minor but pulsating disturbances in magnetic storms, for ex-
amples, pt, pc, pg and etc. In this paper, the correlation between T-index of pt
and Dst or DS is examined. Fig.2-8 show Dstf,’s, I(T)’s and T-indexes for each
individual storm.
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In the next section, the results of the present analysis are described and some

features of magnetic storms are discussed.
§ 3. The several characters of Dst and Ds for the individual storm variations

There is no essential difference between the results obtained in the present
analysis and the statistical ones. But it is very interesting to examine the develop-
ping and decaying process of Dst and DS in the individual storm. In the first, the
developments of DS-field for each phase of Dst are considered.

(1) Initial phase .

The initial phases of these nine storms investigated here continue for one or
two hours except one on Sept. 29. During the initial phase DS-variations do not
show so much dominant developments. After the seting up of DS to some intensity
at the sudden commencement, they seem to have the tendency of rather monotonic
decrease till the onset of the main phase.

The storms on Sept. 29, Sept.13 and July 4 are the good examples as regards
these facts. During the initial phase of the storm on Sept. 29 which continues for
about five hours or more DS is very weak.(Someone may think that this initial
phase continues untill 12 or 13 hours in storm time.(9] But it is rather reasonable
to consider that the period of small decrease in Dst for about 6-12 hours is regarded
as the small main phase.) But there exists the relatively great DS-field at the
initial phase on Sept.13. This DS-field, on which two of us (M.Nagai and Y. Sano)
will discuss in another paper, (10) may be considered to be enhanced by the particles

SSC
sse : Jl.lly 5 00"42"‘(u.'r.) \ﬂ SSC-Aug 29 fqh 2OM(U T)
o ] ?' llz 1'|8 3.1- Storm time in hour 0 H LG 12 18 % Storm time in hour
Smonthly five calm Smonthly five calm
-20- / Ay meat) "20" .{W dnys_%u
-40- -4 —40- -4
= -8
o Tty o 051y () i Whosly o (500 )
averaged over four Stations 0 —Se sveraged over four stations

J =
ive calm W--\._..___,. j:u cdm
2 0 3 Wwﬁf “Z‘ 207_ DS‘!‘.S,(Z) ."""'H'J' <3
B T-index ey 0- lf\x{n:ex .

o -

Fig. 2. Dst, DS and T-index for Storm, Fig. 3. Dst, DS and T-index for Storm,
July, 5to 6, 1957 Aug. 29 to 30, 1957
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that contribute to very strong polar blackout. It is inferred that the DS-field in
the initial phase is produced by relatively high energy particles. We will investigate
much in detail about this point of view in near future.

S SSC:Sept. 203" 15™(U.T)

6 12 18 24 6 12 18 2 sjmtimeinhour

ol' ' ‘-rnulhly five calm a’.ays mean
=20~ -1
~40 - -2
-60 - -3
-80- -4
-100 - -5
-120- -6
——  Dsty (H) (I7)
e In{ensi’cy of DS (Ir) averaged over four Stations
S5C
| A
0 = Nmonthly five calm days mean
20 - \-‘W
Dstp(Z)

T A WA VAV
Iz: \-\’—\j T-index

Fig. 4. Dst, DS and T-index for Storm, Sept. 2to 4, 1957

ssc SSC: Sept. 13 00“45"'-(U.T.)
WK 6 12 18 2 6 12 18
0 1 1 1 1 1 L

24 Storm Time in hour

“-mm!hly five calm days mean

~100' - -2
=3

-200 - —— Dstg(H) -4
~+—TIntensity of DS (Iv) -5

-300 - averaged over four Stations  _ 6

(In)
1
0 __GW ove ~monthly five calm days mean
50 -

0 aaan adoag
5- \’J \; T-index "
10 -

Fig. 5. Dst, DS and T-index for storm, Sept. 13 to 15, 1957
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(2) Main phase

The nine storms have one or more decreases of H which are regarded as main
phase as shown in Fig.2-8. In these main phases, DS-fields reach almost always
the maximum intensity. @ Namely, DS’s begin to be enhanced at almost the same

time of the beginning of main phases and reach the peak rather rapidly within

SSC: Sept. 4 13"00"(UT)
sc 6 1z 18 2 g 12 18

(S!mnIinin hour
monthly five calm days mean

-1
~100 - -2
-3
-200- —— Intensity of DS(Iv) -4
averaged over four Stations <5
(17)

ss¢

0 Wﬁhlﬂﬁecﬂmdqs mean
& Dsto(Z)
0 % - y ¥ S
el W va
T-index

Fig. 6. Dst, DS and T-index for storm, Sept. 4to 6, 1957
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2 18 2 6 12 18 24 6 12 18 2
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monihly five cam days mean
oo 3 i nonthly Y
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Fig. 7. Dst, DS and T-index for storm, Sept. 21 to 24, 1957
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h
ssc S Sept. 24 00" 16™(UT)

boa b 18 24 6 12 1B A g viinhour
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~—#— Inlensity of DS(I7)
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40~
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Fig. 8. Dst, DS and T-index for storm, Sept. 29 to Oct. 1, 1957

about 1-3 hours. Their decreases of intensity are rapidly, also. But their rate of
recovery are slower than the development and their intensity is still remained at
considerable amount even when the last phase begins. These development and
recovery of DS-fields seem to depend strongly upon the development of main phase.
The typical cases of these features are shown for the storms of July 4, Aug. 29,
Sept.4 and Sept.13. Though the other storms are very complex and irregular, it is
possible to consider that they have the same features.

(3) Last Phase

As regards Dst’s in the initial part of the last phase, it is interesting to note
that Dst’s of Z-component reach the peak intensity several hours after the maximum
decrease of H-component. At the time of this apparent Z-peak, DS’s are rather
weak having no considerable growth. The decay of DS continues till the occurrence
of the other disturbance.

Next, the correlation between T-index and Dst is considered. T-index is a
measure of the intensity of pt and pt-like pulsations proposed by one of the present
authors (K. Yanagihara).(11) Though the T-index depends upon not only storm
time but also local time, comparing the T-index at Memambetsu (@ =43°55"N,
A=144°12" E) with storm variations during the above nine storms, there seems to
be the relatively good correlation between them as the statistical results that have
been shown in Yanagihara’s paper.(11) Fathermore, if the T-index at Memambetsu
is compared with the DS intensity of Tixie Bay where the longitude is nearly the
same to that of Memambetsu, the better correlation is found, as T-index depends
also upon the local time,
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§ 4. Concluding Remarks

From the results here obtained on the developing and decaying process of
individual storms, some features of the solar clouds may be suggested. Simple and
typical storms consist of three simple stages; initial, main and last phases. In
initial phase, DS-fields are rather weak generally, and they develop strongly in main
phase or early stage of the phase.

Sifnple storms may be caused by the solar clouds of simpler structure which
are composed of denser slow particle region enclosed by the region of high energy
particles in the vicinity of the earth.  Each region is rather uniform and produce
the initial rise of H and main phase decrease respectively. DS’s in each stage may
be also attributed to the respective particles. If the inner dense region of the cloud
pass by the earth, no distinct main phase decrease is observed. Storms of initial
phase only or si-like variations are the case, and they may be caused by the high
energy particles in the outer region of the cloud which approaches to the earth.

Many storms here analysed are more complex. Developments of their Dst
and DS fields are rather intermitent and irregular. This is understood by considering
the complex structure of the solar clouds. In some cases two or more storms
overlap each other, where their original solar clouds are composed of two or more
elementary regions which may cause the simpler storms. Some of their elementary
storms lack one or more stages of three phases; for example, the storm of initial
phase only said above is the case.

Throught the complex storms, it can be said that developments of Dst-Decrease
are attended with strong DS-field. The coincident growth of Dst and DS fields

means the arrival of the corresponding elemental region of the solar clouds.
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