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1. Introduction

In the previous paper,” the writer investigated the features of oc-
currence of microseismic storms in the Japan Islands due to the passing
of cyclones, typhoons and strong cold fronts. One of the most important
features we found was that when a cyclone passed off the eastern coast
of Japan with high speed, microseismic amplitudes at a certain district
became maximum considerably later than the passing of the cyclonic
center.

From this observational fact, and further, by comparing the data
of microseisms and swells recorded at the two stations in the same dis-
trict, the writer made a suggestion that the origin of microseisms* (the
area where the energy of swell changes into that of microseismic waves)
exists somewhere near the coast.

This suggestion is quite important in the study of microseisms.
Therefore, the writer will, in this paper, try to re-examine this sugges-
tion by using additional data of microseismic storms due to the passing
of typhoons.

The data of microseisms being used in this paper were, as before,
all obtained at many stations in the Japan Islands during I.G.Y. period.

2. Additional data of microseismic storms due
to the passing of typhoons.

Aftger the first paper was written, the writer was able to get plenty
of data on microseismic storms due to the passing of typhoons. In
September 1958 especially, three typhoons T5819, T5821 and T5822 pas-

- 1) T. A. SanTs, Bull. FKarthg. Res. Inst., 37 (1959), 307.
*) The microseisms treated in this paper are restricted to those which have the periods
of approximately 3~7 seconds.
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sed near and across the Japan Islands. Fig. 1 shows the feature of
the occurrence of microseismic storms at thirteen observation stations

due to the passing of these typhoons.
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Fig. 1. Time variations of microseismic amplitudes (in p) at
many stations due to the passing of three typhoons on Sep-
tember 1938.

As was reported in the previous paper, it is clearly seen that the
microseismic storms shift from the southern to northeastern stations.
The relation between the positions of the centers of typhoons and the
relative strengths of microseismic storms at many stations at given
times are, for the case of T5821 and T5822, represented in Fig. 2. These
two very strong ones passed across the central part of the Japan Islands
and caused severe damage on their landing districts. In these cases,
as can be seen in Fig. 2, the appearance of the microseismic storm is




485

On the Origin of Microseisms

not after the passing of the centers of these typhoons but rather before it.
Fig. 38 shows the time variations concerning the periods of microseismic
storms due to the passing of these three typhoons given above. Except
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Fig. 2. Shifts of the region of microseismic storms due to
the passing of two strong typhoons. The positions of the ob-
servation stations are taken along the ordinate. Station 1 and
14 correspond to the uppermost and lowermost edge. In the

: case of T5822, the data of station 14 was missed. The length
of the hatched column at every station is the amplitude ratio
of microseismic storm at a given time to the ordinary ones.
Diameters of black (for »>970 mb) and inner black (for
p<970 mb) circles are inversely proportional to the central
pressures of typhoons.

a few stations on which the responses of seismographs were not good
for long periods, the periods of microseisms remarkably increased up to
six or seven seconds due to the passing of these typhoons. Comparing
one of these curves, for instance that of observation station 5 (Tsukuba),
with the curve of the half periods of swells recorded at Naarai (about
80 km south-east of Tsukuba), a noticeable phenomenon can be found,
i.e., these two curves coincide very well at around the time of the pass-
ing of these typhoons (See Fig. 4(a)). This phenomenon has also been
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found by J. E. Dinger and G. H. Fisher.» We cannot say, however,
that the standing wave theory does not hold in the other ordinary case.
For, in calm times, the wave form of microseisms recorded at Tsukuba
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Fig. 3. Time variations of microseismic periods at many
stations due to the passing of the same typhoons as in
Fig. 1.

at least is irregular (Fig. 5), having many components with nearly equal
amplitudes, therefore, in calm times, we are apt to measure the periods
for different waves which do not correspond to each other from these
two kinds of records. Correspondence between the amplitude variation

2) J. E. DINGER and G. H. FISHER, Trans. Amer. Geophys. Union, 36 (1955), 262.
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Fig. 4. (a) Relation between the variations of the periods of microseisms
(solid line) at Tsukuba and half periods of swells (dotted
line) at Naarai on September 1958.
(b) Relation between the variations of the amplitudes of micro-
seisms (solid line) at Tsukuba and of swells (dotted line) at
Naarai. Inside scale of ordinate is for the heights of swells.

(a)
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(b)

Fig. 5. Examples of microseismic wave forms recorded at Tsukuba in two cases.
(a) Calm. (b) Stormy.
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of microseisms recorded at Tsukuba and that of the swells at Naarai
is shown in Fig. 4(b). As was noticed in the previous paper, the maxi-
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Fig. 6. Travelling paths of typhoons. The marks on the path show the positions of
the center of every typhoon at the time when it caused the largest microseismic am-
plitudes at the corresponding stations (circles are added to the marks of center position).
Intervals between short bars on the path represent the travelling distances of typhoons
during one day.

mum amplitude of microseisms never occurs before that of swells which
arrived at the coast in the same district.
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Fig. 6 represents the travelling paths of typhoons which caused
microseismic storms in the Japan Islands during I.G.Y. period. Several
kinds of marks on each path mean the positions of the centers of ty-
phoons when they caused the largest microseismic storms at the corre-
sponding observation stations for microseisms. In this figure, we can
see, especially at southern stations, that in the case of typhoons, the

. times when microseismic storms become largest at a certain station are
not delayed so much as in the case of cyclones but rather coincide with
the passing of their centers.

3. General features of the distribution for the positions of
cyclonic centers when they cause the largest micro-
seismic storm at a certain station.

8okm/hr

——

Fig. 7. Positions and travelling velocities of cyclonic centers
when they caused the largest microseismic storms at a few observa-
tion stations. Double marks are those for p<{990 mb and others
are for p>990 mb.

Black and white circles, and triangles are those positions of cy-
clonic centers correspond to the station 5, 10 and 12 respectively.




T. A. SANTO

In the previous paper, we found
that microseismic storms at a
certain station became largest
remarkably later than the pas-
sing of a cyclonic center. As
we have seen in the previous
section of this paper, however, this
phenomenon is not so noticeable in
the case of typhoons. Furthermore,
just the opposite relation could be
found for the case of T5821 and
T5822 which passed just above the
observation station Tsukuba. Get-
ting ; together, the positions of
the centers of cyclones and ty-
phoons when they caused the
largest microseismic storm at a
station were shown in Fig. 7 for
a few representative stations
(Tsukuba, Kochi and Yakushima).

Consider now a simple case
Fig. 8 (a and b). Schematical figures of when a vibrating point source is
wave distributions around and behind the travelling straight with the velocity
center of a running point source. .(a) When V on the water surface. In this
V>v. (b) When V<v. (c) Schematical figure
of the directions of winds (solid arrows) and ~ €aS€, when the wave front or-
swells (dotted arrows) around a stationary  iginated at P reaches a position O
cyclone. with a distance D(=O0P) from the

travelling path, the wave source
has covered the distance L(=PQ). (Fig. 8(a) and 8(b)). In other words,
the wave always arrives at the point O later than the passing of the
wave source. In this case, the following relations must be satisfied.

D=ut, L=Vt,

in which, v is the wave velocity and ¢ is the travel time of the wave
covered the distance D. From these, the next relation easily follows.

V=vL/D . 1)
Of course, in the actual case of a eyclone or a typhoon, the mecha-

nism of wave generation around the center is much more complicated
than this case of a point source (Fig. 8(c)). Winds and swells are be-
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ing sent away in counter-clockwise directions around the center and their
strength distributions depend upon those of the atmospheric pressure
gradients around the center. Furthermore, when the center moves, the
wind becomes stronger in the first and weaker in the third quadrant
for the travelling direction of the center, and as a result so does the
swell.

—
o 1000km

Fig. 9. (a) Mean distribution maps of wave heights (in meter) due to the typhoons
with the same central pressures 960~980 mb, but different travelling speeds. (1)
V<20 km/hr. (2) 20 km/hr<V <40 km/hr. (3) V' >>40 km/hr.

(b) Mean distribution maps of wave heights (in meter) due to the typhoons with the
same speed but different central pressures. (1) p<{940 mb. (2) p>980 mb.

(After S. Unoki)

It is, as a matter of fact, very difficult to observe the distribution
of swell height around the center of a cyclone or a typhoon. There is,
however, a laborious work on this problem done by S. Unoki.» He col-
lected the data of swell heights due to forty seven typhoons being ob-
served during 1949~1956 at the Ocean Weather Station ‘‘Tango”
(29°N, 135°E), and made the averaged distribution maps concerning the
heights of swells around the center of typhoon within a certain range
of central pressure p and travelling speed V. His results are shown in
Fig. 9(a) and 9(b). Regrettable to say, as the travelling speeds of
typhoon are, in general, still low on the southern ocean around this ob-

3) S. UNOKI, Journ. of Met. Soc. Japan, {ii], 35 (1957), 297.
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servation point, he could not know the actual heights of wave distri-
bution around the center of the typhoon with such high travelling speeds
as 60~80 km/hr, which is needed for the present case. However, the
following general tendency can be imagined by these maps concerning
the distributions of swell heights:

i) When p or V becomes high, the wave distribution around the
cyclonic center becomes similar to those due to a single running point
source.

ii) When p is very low, on the contrary, the wave distribution
becomes like (b) in Fig. 8, even when V is considerably high.

i) When a disturbance source passes through the left side of a
coast against its travelling direction, the wave front reaches the coast
earlier than the other case. Furthermore, when p or V is small, it can
happen that the wave reaches the coast earlier than the passing of the
center.

4. Collation with the actual data of microseisms.

It is quite interesting to examine whether or not the ‘‘delay pheno-
menon’’ for the occurrence of microseismic storms can be explained by
the above considerations of the wave distribution around the cyeclonic
center. For, if it is explained well, the writer’s suggestion that the
energy transformation from swells to microseisms occurs somewhere
near the coast will be powerfully verified.

Based upon considerations i), ii) and iii) in the previous section, a
test was made if the actual data satisfy the relation (1) in section 3.
For this purpose, V, L and D were measured on maps only for those
cyclones and typhoons which run approximately straight. The actual
relation between V and L/D thus obtained are shown in Fig. 10, in
which the marks of points have the same meaning as in Fig. 7. Fur-
ther, in this figure, the two cases when the observation station is locat-
ed on left or right side of a running cyclonic center are distinguished
by the location of a short bar on every mark.

This result satisfies very well, beyond the writer’s expectation, the
relation between V and L/D which holds for waves generated around
the running point source. That is:

i) Two kinds of marks (for »>990 mb and for »<990 mb) are
scattered separately around two straight lines with different inclinations.
From these inclinations, we can find two different travelling velocities
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of the swells due to the cyclones or typhoons. The results are: for
p>990 mb, v+=17 km/hr and for p<990 mb, »=30 km/hr. As almost
all the central pressures of cyclones belong to the first class here used
were higher than 1010 mb (only one of them were 990 mb) and those
belong to the second class lower than 965 mb (only one of them were
985 mb), these values of v are quite reasonable ones as the velocity of
swells due to the cyclones with such strengths. ‘

Tt must also be noticed that the marks with short bars on their
right side (meaning that these data correspond to the cases when the
cyclones or typhoons passed through the left side of these stations)
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Fig. 10. Relation between V and L/D. V is the travelling speed of the center of
cyclone or typhoon. I and D are the travel distances of wave source and wave itself
respectively as are shown in Fig. 8 (a) or 8 (b).

make another straight line approximately parallel to the line for v =17
km/hr. This fact can also satisfy the circumstances given in the third
item of the previous section.

ii) If the running wave source is a point, the straight line of
V~L|/D must point to the origin of the coordinate. In the case of
actual cyclones or typhoons, as we have found in section 3, the wave
distribution becomes circular around the center only when V reaches a
certain value V,. In this case, the wave can reach the coast almost
simultaneously at the time of the cyclone passing. The value of V,
satisfying the above condition will become larger for the lower value of
p. Seeing the cutting point of two straight lines in Fig. 10, the circum-
stance can also be very well recognized.
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iii) When V is lower than V,, wave pattern projects to the front
of the running cyclonic center. In this case, it can happen that the
wave reaches the coast earlier than the passing of the cyclonic center.
Several points in Fig. 10 on minus side of the ordinate show the above
circumstances.

5. Conclusions.

In the previous paper, the writer made an important suggestion for
the origin of microseisms that the microseisms with periods of 8~7
seconds are caused somewhere near the coast. In this second paper,
this suggestion was re-examined by using additional data on microseismic
storms due to typhoons and the oceanographical results on the distribu-
tion of swells around the running center of typhoons. Through this re-
examination, it was again and more clearly recognized that, in all
cases of the passings of cyclonic center with various strengths and
distances, microseisms at a certain district occur simultaneously with
the arriving of swells at some coast on the same district. In other
words, the re-examination in this paper lead us again to the conclusion
that the energy transformation from swells to microseisms occurs some-
where near the coast.

6. Acknowledgments.

At the conclusion of this paper, the writer wishes to express his
sincere thanks to Dr. K. Wadati and to Mr. S. Miyamura who encour-
aged him during the course of his investigations. The writer’s hearty
thanks are also due to Mr. T. Kizawa who gave him much help in collect-
ing the data on swells.

80. % < O OBFNIILS R OTFE (Fd )
— IR B3 2 NiHER A~ DT i —

WEERT = %k

WEM3CT, 3 b 7T~8 Pl o2 Mmoo S ‘FWH, FELCIGL JEO DT ik 7 <
T, PO e D, LW FL LN L, CoflERe, RETIE L Ubhbo
T, TEZOHDOHRET X DIREADOYE i, it Bod I oWiss 1B 3 5
l VJTGMU PR L FRC AN LT, o825 —E8E5E LTHRE ToE, AROMmmEs

» BRI R 21D 9‘1L?~—§'JLLL1~@‘~~7L7 LOVREN, WA oOHEERAL D, Wk =
4’»—\ PP 5 ETTERTN D = A A =S D LH X ORI L 2 B Ao




