EARTH TREMORS IN CENTRAL JAPAN.

(SECOND PAPER.)

By Joun MILNE.
[Read December 4th, 1888.]

On November 18th, 1886, I read a paper before the Seismo-
logical Society on Earth Tremors in Central Japan (see Trans.
Seis. Soc., Vol. XI., p. 1-78). In that paper I described the
various tremor indicators which I have used in Japan, con-
cluding-with a description of an instrument which gave auto-
matically a continuous record of tremors. The records given
in this paper were obtained by the same instrument. They
extend from December 22nd, 1886, to February, 1888. At
certain times owing to my absence from Tokio the instrument
was not working. In the following list these dates have been
omitted. The tremors are recorded as indicated on two bands
of paper, one running N.N.E. and the other running N.N.W,
The letter 7" means tremors of considerable magnitude indi-
cated as a line of perforations from 2 to 5 millimeters broad.
ST means small tremors forming a line from 1 to z milli-
meters broad. V.SZ7 means very small tremors. A. and P.,
which are usually prefixed by a numeral indicating hours,
mean morning or A.M. and afternoon and night or P.M. In
the column headed ‘“Wind,” O means that in Central Japan
there was no wind or only a gentle breeze of force 1 in Central
Japan, or wind not exceeding force 3 at not more than one place,
and this place was not Tokio when the observations were made ;
w means that there was wind of not more than intensity 2, at
not more than two places in Central Japan. W means that
there was wind of force 2 or of greater than 2z ata number of
places. WT, or WT', means that there was a strong wind of
force 3 or 4 blowing at Tokio only.
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The data referring to wind were obtained from the tri-daily-
weather maps published by the Meteorological Department of”
this country, the observations being made at 6 a.m.,2 p.m.,.
and g p.m.

The wind intensities are as follows :(—

0 = calm = 0—I.5 meters per second.
1 = light = 1.5—35 meters per second.
2 = moderate = 3.5— 6 meters per second.
3 = strong = 6—10 meters per second.
4 = gale = 10—I1§ meters per second.
5 = heavy gale = 15—29 meters per second.
6 = hurricane = 2¢g—104 meters per second.

By Central Japan is meant the country within 200 to 300:
miles of Tokio in which area there are eleven observing stations.
telegraphically connected with the capital.

In the column headed * Remarks ” reference is made to the
height of the barometer expressed in millimeters at Tokio, and
the position of the centre of the barometrical depression.

The reason for giving prominence to wind intensity rather
than to any other meteorological phenomena will be under-
stood by a perusal of the results of analyses given in my pre-
vious paper. These results were as follows :—

1.—Earth tremors are more frequent with a low barometer
than with a high barometer, but even with a low barometer it
may often happen that tremors are not observed.

2. —With a high gradient tremors are almost always observed,
but when the gradient is small it is seldom that tremors are
visible.

3.—The stronger the wind the more likely is it that tremors
should be observed.

4.—When there has been a strong wind and no tremors,
such wind hds very often been local or blowing inland from -
the Pacific Ocean. We must not overlook the fact that such
winds are sometimes accompanied by tremors. Winds of short
duration are seldom accompanied by tremors.

5.—When there has been little or no wind in Tokio, and- yet
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tremors have been observed, in most cases there has been a
strong wind in other parts of Central Japan. In the case of
winds working up Japan from the S.W. this has been very
marked, tremors being felt in Tokio several hours before the
arrival of the wind. '

When neither wind nor tremors are to be observed in Tokio
there is usually a general calm in Central Japan.

6.—From the observations in 1886, Trans. Seis. Soc. Vol. XI.
p. 58, we see that there were 10 days out of 45 when there were
tremors which could not be accounted for by winds blowing at
a distance, and on p. 61 that there were 3 days out of 20 when
there were winds which ought to have been accompanied by
tremors, while tremors were not observed. By combining these
observations we may say that about 8o per cent. of the tremors
observed in Tokio may be accounted for as the result of distant
or local winds.

From the observations made in 1885 it seems that 5o per
cent. of the tremors certainly accompanied strong winds, while
25 per cent. of the remaining tremors migh# have been due to
wind. The remaining 25 per cent. of the tremors observed
may have been of subterranean origin. These tremors were of
short duration and feeble. Out of 685 observations when it
was calm in Central Japan sl/ight tremors were only observed
34 times, that is in less than g5 per cent. of the number of
times of observation.

7.—The earthquakes which have been recorded do not
appear to be connected with earth tremors more than that each
are more frequent at the same seasons.

8.—Earth tremors are as severe upon the summit of a lofty
mountain as they are in the plains.

.
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N.N.E. N.N.W.
DATE.} Componznt. | CoMPONENT. Winp. ReMarxs.
1886.
Dec. .
22 ST — w W o
23 ST — oow
24 | ST 7torop. — oWw Low bar. North Yezo.
26 NT — 000
27 N1 — ooo0
28 NT — owwW
29 NT — owo v
30 | ST s tonoon — oWo Low bar. in North Yezo.
.31 VST — W w W |Low bar. in North Yezo.
1887.
an. ”
Jan - NT — 000
2 VST — owo Low bar. in North Yezo.
) At 2 p.m. Tokio wind 1 but
3 to midnight heavy wind of 4 and § com-
3 | at maximum —_ o WW ing up the country from W.,
4 p. strong same at g p.m. Bar.low in
North Yezo. .
4 ST — w Wo Bar. low in North Yezo.
5 ST morning — W WwWo Bar. low in North Yezo.
6 ST — owo Bar. low near Tokio.
At 2 p.m. Tokio wind 1 but
o heavy wind of 4 and § com-
7 ! hnd oWW ing up country from W.,
same at 4 p.m. Bar. low in
Yezo.
8a.toz2p. T — oWw Conditions nearly same as
on the 7th.
ST — oW w Bar. low in North Yezo. In
. Tokio bar. high, 770 mm.
10 ST — 000
11 |7 p. maximum J— In afternoon low bar. 738
at miti‘night \; ow over Tokio. Tok 5’ ’
12 ‘] — o |Low bar. N.E. of Tokio. In
w Tokio 764 and 468.
13 ST —_ 000 Low bar. in Yezo. In Tokio
769.
14 |9a.totop. T — o WW Low bar. S. of Tokio, 465 to
756.
15 ST — WT4 W4 WT3|Low bar, N. Yezo. Wind
strong to S.W.
16 NT —_— W WT3 W |Low bar. N. Yezo. Wind
strong to S.W.
17 NT — o000
18 NT — w W w  |Bar. low to S.W.
19 NT — oow
20 NT — 000
21 NT — www
22 NT — wow
23 NT — " o000
24 NT — wwo
25 ST —_ w WT3 WTj3|Bar.low to S., Tokio 46%-763.
26 NT — W oo Bar. low to S. and S.W.
Tokio 764-766.
27 NT — 000 Bar. low to S. and N.W.




MILNE :(—EARTH TREMORS IN CENTRAL JAPAN. II 4

N.N.E. N.N.W.
DATE. | compongnT. | CoMPONENT. Winp. REMARKS.
1887.
n.
J:S NT — ooo
0 T — Bar.low to S.W. and centre
3 S ww WT4 passed up E. coast to N.
31 ST — WT3 wo |Bar.lowto N.E.
Feb.
‘] — Wind coming up from S\ W,
ST WWo Bar. low to North,
2 ST — ooo
3 ST — W WwWo Tokio bar, 765-754.
— Tokio bar. 738-739. Wind
4 ST oWWw from W. and N.W,
5 ST —_ W'I‘4 W W (Bar. low in N, Tokio bar.
759-760-
6 NT — WT3 W o [|Bar. low in N. Tokio bar.
761-764.
7 NT — 000 Tokio bar, 766-763.
— Bar. low in N.' Tokio bar,
8| NT o WTzo (B low
9 NT — woo
10 NT — o WT3 0
11 [STinmorning — 000 Bar. low to N. Tokio bar.
768-469.
12 NT — ocoo
13 NT — ocoo
14 NT — co0o0
—_— Bar. low to N. Tokio bar.
15 S"r o WW #60-46g.
16 NT — WT300
17 NT —_ woo
18 NT — owo
19 ST — 00 WT3 At 2 p. strong wind to S.W.
—_ Bar. low to S. of Tokio.
20 ST owo Tokio bar, yo6y6r.
J— Bar. low to of Tokio.
21 ST owo Tokio bar. 7617763
— Bar, low to S. an . 0
22 ST woo Tokio. Tokig bar. 766107,
z —_ Bar. low to S. an . of
23 :1 owo Tokio. ‘Tokig bar. 707-766.
— ] Bar. low to W. of Tokio.
24 T WT3WT3 wiipi o bar ye6r6r,
Mar,
1 NT —_— o WT3 w
2| NT — o WT2 WT3
3 NT —_ oWw
4 NT — oww
5 NT — [
6 NT — w oo
7 NT —_— WT3 wo |Bar.lowtoS. W,
8 ST — wow
: Bar. centre travelling from
9 T:t‘z’;gﬁum —_ W W W | S.W. to N.E. over Tokio
o 738-745.
10 1 — WWw
12 ST — o WW Bar. centre on N.W. coast.

In Tokio 759-747.
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N.N.E.

N.N.W.

Dare. ComPONENT. | COMPONENT. Wi, Reuarxs.
1887.
Mar. ¢ :
NT — W W W  |Tremors ought to have been
13 recorded.
14 NT — oWT3o0 .
15 ST T oW W Bar. low in Yezo. Tokio
. 7155-760.
16 |T and irregu- ST afiernoon. WwWwo Bar. low in Yezo. Tokio
lar waves. n65-770.
17 T and irregu- — oww
lar waves.
18 T T from 8a.to] W W W |Bar. low in North. Tokio
. 4P 745-759- .
19 ST NT wWww Baré. 16ow in Yezo. Tokio
. s 756-703.
‘20 N1 NT ooo
21 NT NT 000 Low bar. near Tokio. Tokio
. #63-961,
22 | ST at mid- VST ooo
night.
23 NT NT 000
24 | ST and irre- NT o0 WT3 0 [Bar.lowin Yezo.
gular waves.
25 Irregular NT oWo
waves,
26 NT NT owo
27 NT NT oWo
28 |T and irregu- NT W W W |[Bar. low in Yezo. Tokio
lar waves. 730-756.
29 T and irregu-/T tonoon, notf W W W |Bar. low in Yezo. Tokio
lar waves working. 757-157-
from noon.
30 T and irregu- NW W’[‘3 W W |Bar. low in Yezo. Tokio
lar waves. 759-761.
April
I NT NT oow
2 | ST and irre- VST w W W  |Bar.depression coming up E.
gular waves. coast. At g p. near Tokio.
A Tokio bar, 763-747.
3 ST ST w W W  |At g p.depression travelled -
to N. Yezo. Tokio §44-746.
4 ST VST untilzp.] W W W |Depression in North. Tokio
48-759.
5 T and irregu- NT oww 45
lar waves.
6 NT NT oW w Bar. in Tokio 763-760.
7 ST NT. OWW  |w s s 760764
9 T maximum 6| ST noon to 6 wWw ss ss sy 1730-159.
p. P-
10. NT NT fromzp.| WIT3 W w |, »» 763765
not working.
12 T ST wWW [, o, 185753
13 ST NT owo 5o e 738961
22 | T maximum ST wWWwOo s a3 a»  '7506-738.
ira. .
T T s+ 789762, Bar.
23 S1 N1 owo ;lepr:ession to East.
24 NT NT oOWwWOo Bar. in Tokio 4764-768.
25 NT NT o WT3w | » » 170770
26 NT NT owo s s ss '170-169.
27 NT NwW owo 2 ss s 768765
29 T maximum 1 NT oWw o SW. 766-763.  Bar.

P
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N.N.E. N.N.W, ‘s
DaTe COMPONENT. | COMPONENT. Winp. REMARKS.
1887.
April T and irre Bar. in Tokio 461-70. Bar.
gu- 5
30 | lar waves. ST W W W |low to W. and N.W. of
Tokio.
May i
T at 5 a. and|T 4a.m,strong
1 irregular | afterwards W w w  |Bar. in Tokio 33-761.
waves, slight.
5 |T and irregu-| ST at noon. W oo 55 95 s 104-762.
lar waves.
4 |T and irregu- NT oWw ss 33 sy 700-769.
lar waves.
5 |T and irregu-)  NT ooW PR
lar waves.
6 | ST and irre- NT owo oo e T71-767.
gular waves.
8 ST NT oWo »on o 758-759.
10 ST NT owo 1o a 739°759.
14 |Tinmorning| T 10-12 2] W Ww [» » 5 1759760 Bar.
centre passing up E. coast.
16 ST ST o WW Bar. in Tokio 759-756. Low
bar, in Yezo.
17 NT NT w WT3 w |Bar. in Tokio 761-763.
18 NT NT WT300 {s 5 s 1263765
19 NT NT o WT3 WT3| s » o 60765
21 NT NT owo s 9 s 158-758.
22 N- — o WT3 w s oes s 7584735,
23 ST ST oW w 5o s 758-756.
24 NT NT oo WT3 |» » » 7157160
27 | ST and irre- — o WT30 5o 9 705764,
gular waves. b
28 NT NT oww woer s 763159
29 NT NT W Wwo e 9 1577754
June
3 NT NT owo .
6 Irregular NW oww Low bar. over.Tokio. Tokio
v S, 755-754-
7 “f{]v-e; NT Low bar. near Tokio. Tokio
owo 756-758.
8 NT Tfromirp. | ow WT3
Q | Tifromra. | Afternoon Wwoo
NW
20 T ST ow W Low bar. near Tokio. Tokio
761-747.
21 ST ST o WT3 o |Tokio 748-753.
22 ST ST owo Bar. low to W. of Kiushiu.
Tokio 756-458.
23 ST NW oW W Low bar. near Tokio.
2 T " \ Low bar. near Tokio. Tokio
1 L ST ow W [Law b
25 S NT o WTj5 0 |Tokio7s7-754.
26 NT NW oow
27 ST ST ww WT3
July )
22 Irregular NT oWo Wind of force 3 only at 2
waves. places near each other.
24 NT NT w W o Wind of force 3 only at 2
places near each other,
25 Irregular NT ‘o W W’]‘3 Wind of force 3 ouly at
" waves. places near each other.
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.N.E. N.N.W.
Dars. Coﬁpgusur. COMPONENT. Wiwp, Radarxs.
1887.
1
Jl;6y Iz;;gm;éa.r , NT o WT30
27 Irregular NT o000
28 I;Z:;:lsér NwW oWo Wind of force 3 only at 3
A waves, places near each other,
ug. )
% Irregular NW owo
waves,
2 NT NwW oww
3 Irregular NT owo
waves,
4 NT NT oww
19 Irregular ‘NW owo
‘waves.
22 Irregular NW o000
waves,
29 ST ST wWw
39 NT NT Wy Bar, low to W, and N, Toki
' ar, low to W, and N. Tokio
31 NT NT o WT3 0 263103,
Sept. .
1 NT NT oWo
2 NT VST oWo
4 NT NT W Wwo
5 NT NwW owo
7 h";gg",ular . NT o WT3 o
es.,
8 NT NT o WT3o0
9 NT NT owo
13 | T and irregu- ST owW
| B ST W W W [Bar. low in N. Yezo.
15 ST ST Www
16 | ST irregular NT wWo
waves.
18 Nst NT oow
19 NT NT owo
20 NT NT oWW
21 T irregular NT oow
waves.
22 ST ST morning 000
afternoon
NwW
23 T T W Wo
24 Ttorg‘:’ifafter NT W wo
25 NT NT oww
26 T NT owo
27 ST ST oWw
28 ST NT wwo
29 ST NT ooW
Oct.
7 VST VST W W w  |Bar.lowin N, Yezo.
24 T VST oWw
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5

N.N.E.

N.N.W,

Darz. CoMPONENT. | COMPONENT. Wino. Reaaris.
1887.
Oct.
25 T NT owo
26 T NT www
27 T NT wwo
28 T NT coo
29 ST NT ooo
Nov.

[ VST T in morning 00O

7 ST NT 000
8 ST NT o WT30
11 NT NT wWwo Bar, low near Tokio.
13 T ST 000
14 NT NW co0o0
18 NT NWwW Wwo
19 NT Nw ooo
20 NI NT ooo
21 NT NT 000
24 ST NT owo Bar. high over Tokio.
25 T NT oo WT3
26 NT NT oww
271 ST NT 000
28 | NT irregular NT 000

waves.
29 T NT oo W
30 T NT W VW w |Bar.lowover N. Yezo.
Dec.

I T ST owo

2 T ST oW w

3 | ST irregular NT WT3 Wo

waves.

4 |ST irregular NT . 000

waves.

5 ST irregular NT wWw

waves.

6 | ST irregular NT 000

waves., .

7 ST irregular NT 000

waves.

8 ST irregular ST oOwWWwW

waves,

9 NT NT owo
10 ST NT 000~
11 ST NT W W o
12 VST NT oWw
13 VST NT woo
14 NT NT oWW
15 NT NW W W w
16 T NT owo
17 T ST oow Ts
18 T NT 000
19 ST NT WT3ww
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Dare, Coﬁ%?ﬁggrr. Col:]«.PNuzv‘::‘;.r. Wi, Remarxs.

1887.

D;g ST irregular NT woo

waves,

21 ST NT 000
22 ST NT oow
23 VST NT wwo
24 VST NT ow W
25 NT NT o WW
26 VST NT wwo

1888.

Jan.

3 NT NT w oo
10 NT NT ooo
11 NT NT owo
12 VST NT oWo
13 VST NT ooo
14 NT NT oWw
15 NT NT o WT30
16 VST NT oo0o0
17 VST NT oow
18 NT NT 000
19 NT NT wwo
20 NT NT oow
22 NT NT 000
27 NT Nw oWo
31 VST NT ocoo

Feb.

1 NT NT wWw

2 NT NT w WT3 0

3 NT NT 000

6 NT NT ooo

8 NT ST oow -

9 NT NT w Wo
14 VST NT wwo
15 NT NT oww
16 NT NT o000
17 NT VST ooo
18 VST VST o WT30
20 NT VST wWW
21 NT VST wwo
22 VST VST oow
23 NT VST o WT30
24 NT VST oWw
25 NT NT owo
26 NT NT oww
27 NT NT wWw
29 NT NW owo
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REsuLT or ANALYSIS.

From a general inspection of the weather maps it is quite-
clear that, when little or no wind is indicated or when the
isobars are few, no tremors are recorded, while on the contrary
when the wind is strong at many stations in Central Japan and
when the isobars occur in close proximity tremors are
almost always recorded. On the ]apémese maps the isobars
are drawn with intervals of 5 mm. of pressure. On
the Italian maps where the intervals are only 1 mm., the re-
lationship between tremors and the frequency of isobars, which
when they are numerous indicate a steep gradient, is even more
marked than it appears to be in Japan. On the Ttalian maps.
which are published under the direction of Professor M. S. de
Rossi, the state of the wind is not indicated, but it may be
inferred that when the gradients over the Italian Peninsula are
steep, wind is blowing somewhere in the Peninsular, and
therefore in Italy, as in Japan, tremors are accompanied by
wind although the wind may not be blowing at some particular
place where tremors are observed. Certainly tremors often
occur with a low barometer, but the greater frequency of
tremors apparently happens when the gradient is steep no
matter whether the barometer is high or whether it is low, and
cases may therefore be observed of low barometers unaccom-
panied by tremors, as for example on May zgth, 1887. Obser-
vations like these have inclined me to the opinion that tremors
are more closely connected with wind than with barometric
pressure.

An examination of the preceding tables shows :—

1. That there are 80 cases of well pronounced tremors.
having occurred with strong winds blowing in Central Japan.
In several instances tremors were observed in Tokio some
hours ahead of the wind which was blowing heavily to the S.W.
and travelling up the country towards Tokio. (See January
3rd and 7th, 1887, also previous paper).

2, There have been 40 cases of strong wind and no tremors..
B
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In 34 of these cases the wind has been local or of short dura-
tion, that is to say wind was only blowing in Tokio, or it was
only observed at one of the tri-daily observations. In the re-
maining 6 cases (January 16th, Febrary 6th, March 13th,
“September zoth, December 14th and 2z5th) if tremors are the
result of wind they ought to have been observed.

3. With no wind and no tremors there are 79 cases.

4. With no wind and small tremors there are 63 cases. In
39 of these cases the record on one band of paper showed no
tremors and therefore these 29 cases might have been classified
in the preceding group. On the other band tremors were
barely visible. In 8 out of the remaining 26 cases (January
11th, 13th, February 2znd, 3rd, March 16th, 17th, April 7th
-and 13th) the tremors observed were immediately in advance
of a heavy wind, or were tremors continuing after a large wind
had passed, at which time tremors had been well pronounced.
"There are therefore only (26—8) 16 cases when tremors can
be said to have occurred when there was no wind, and these
-cases occur when only one band of paper for receiving records
‘was working.

The above results may be tabulated as follows :

1.—Strong wind and well pronounced tremors......... 8o
2.—Strong wind and no tremors 40 cases, which may
be subdivided into :—
Cases were tremors onght to have occurred ...... 6
Cases where the wind was local or of short dura-
tion and it is therefore doubtful whether tremors
should have been recorded..........ccoovvvivevninn.. 34
3.—With no wind and tremors.............ccoevveneinnnnn. 79
4.—With no wind and slight tremors 63 cases, which
may be subdivided into :—

Cases where tremors were so small that they
were only recorded on one band of paper (39

=+ a possible 16) ..iiiviiiiiiiiii e 55
Cases which may have been due to wind ......... 8
Total. ..o 262

The conclusion is that out of 86 cases of wind there are only
4 cases when tremors were not observed, while when there was
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no wind generally there were no tremors, or at most tremors so
slight that they were barely recorded. A result which agrees
with that arrived at previously.

For three months an automatic spark record was kept of
tremors which might be due to vertical motion, but as these only
occurred when tremors were recorded by the machine already
described and were extremely small, the observations were
discontinued. The instrument employed was a horizontal
lever spring seismograph with an index having a multiplication
of about 100,




