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Statistical Analysis of Volcanic Smoke (Part 1)

Y. Tanaka
’ (Sez';mologz'cal Section, J. M. A. )
Seismological Laboratory, M. R. I

Abstract

Volcamc smokes are observed sxstematlcally by the meteorolog1ca1 observatorles
or weather statxons near the volcanoes, and observmg sub}ects are colour quantity,.
helght etc. of them. o

. . Auther investigated statistical analys1s of observed volcamc smokes of the major
" active volcanoes in Japan that are shown .in Fig: 1 or Table 1.

The obtained results are as follows: : _ ) ) .

1) There are 3'e;<pressions orf quantity of ’volcanic‘smokes. In this paper, they. °
are ‘shown by the letters @, S and ¢ that are connected with the eqoatiohs 1, @ l

"~ and (3). @-is rank of quantity of volcanic smoke i)y the Japan Meteorological —Agenoy,
divided into O to 6 (Fig. 2),.S is vértical section of dimentions of rising trace of
volcanlc smoke, .and g is volume of rising volcanlc smoke. -

2) Seasonal varlatlons of quantity'of volcanic smokes, that are much in wmter

“-and a little in summer, are found in the every volcano (Fig. 5).

é) Variatiooé of qoan.tity and -height Ofivolcanic émokes show active degree of. .
the volcanoes (Fig. 7,9). If put in order of active' degree of the present- volcanoes,
they can draw up- from high rank to low rank as a following series. ) » .

M1hara—> Sakuraj ima—> Asama—)Aso————) Komagatake——) Meakan——)’l‘arumae '

—)Showashmzan——)Ndsu

4). Though height of voloanlclsmoke (iz)is not proportionate tp’ quantity of volcanio o
smoke (@), but relation.-between h aqd @ is connected with .‘exponontia'l curve as the

‘ equation (10).
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Fig. 1. Map showing the positions-of the volcanoes
~(mark A) and their observing stations (mark @),
used in this paper. Nos. 1~9 are the same ones
that are shown in table 1. ’ '

Table 1. Volcanoes and their visual observation stitions used for the purpose in this paper..
No. B V'olcanp : >Obé¢rvation’statio‘n fl)()l;tatr}lcee fét:i\;;eg:;(z:r v
S 1 Meakan Kushiro Local Meteoroplogical Obser\}atofy 60km SE .
2 Tarumae :T_omak.omai Weath'er Station . 20km SE
3 Showashinzan Muroran Lo;al ‘Meteorologic‘al‘Observvat.ory 25km SE
4 ‘Komagétake . Mori Weather Station’ ’ 9km .NW
5 Nasu, Shirakawa Weather Station = " 20km Ev, .
: : . . { 9km SE (~1963)
6 i A;ama Karuizawa Weather Station { 8 km SSE_(1964~)
7 Mihara _(_)sfxima Weather Station Skm- N .
8 Aso Asosan Weather Station 1km W -
. N .| {Kagoshima Local Meteorological Observatory 10km W
9 - Sakurajima - { .. . : . )
Sakurajima Volcano Qbservatory 5km W

i gv#'
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(1) Meakan as seen from Kushiro Local Meteorological Observatory

(2) Tarumae as seen from Tomakomai Weather Station

(3)  Showashinzan as seen from Muroran Local Meteorolognca] Observatory
(4) Komagatake as seen from Mori Weather Station

(5) Nasu as seen from Shirakawa Weather Station

(6) Asama as seen from Karuizawa Weather Station

(7) Mihara as seen from Oshima Weather Statlon

(8) Aso as seen from Asosan Weather Statlon

(9) Sakurajima as seen from Kagoshima Local Meteorologxcal Observatory
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Amounts of volcanic smokes which are ranked by the letters.1 to 6.
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Relation between @ and S. Q is, the clas--
S is.ver-
tical section of dxmentléns of volcahic smoke.
Scale of @ is classified into 6 for every volcano,
and a graduatxon corresponds to one classified
quantity of @ ‘Mark @ is measurable value = -
" and mark O is estimate value. ‘

Fig. 3.
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Fig. 4. Vertical section of dimensions of volcanic )
smoke. Rising' trace of volcanic smoke is re- .
sembled to fan-shape. A dotted enclosure is an
example of a_ trace of rising volcamc smoke at

: the volcano Sakura]lma
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_Table 2. Quantity of volcanic smoke, ranked 0 to 6

EBOE B oW gRE2Y

. a: explosion ( ): value except f'or_explo'sio_n smoke
Meakan '
- I Year| . - E
\ 1956 | '57 | .’58 ’59 60 | 61 62 63 '64 | 65 | Total | Mean
Month o . v . o ' ] :
Jan. | T — 3 2 3 2 1| 4 3 — | 18 | 26
Feb. - — 2 2 3 2 |1 3 2 2 17 2.1
Mar - — 3 2 2 1 1 2 2 1 4. 1.8 -
Apr. | T - 2 2 2 1 1 1 "2 2|13 1.6
May | — — 2 2 2 2 1 1 — 212 1.7,
Jun. "| T 1 1 — 1 -1 — 1 1 6 | 1.0
Julo| T 2 1 1 1 1. ] — — — 1 7 1.0
Aug. B 3 2 " 6a 2 2 — 1 1 1 18 {2.30.7)
Sep. | 2 2 2 2 1 3 2 3 2 19 2.1
Oct. | = | 3 3 4 |2l 2 3. 2 | 3 2 24 | 2.7
Nov. | 7~ 3 3 3 3 3 3 f2o 2 | .3 25 2.8
Dec. | = | 3 3 2 3| .3 3 3 2. 3 25 | 2.8
Total | —- | 16 | 27 20 | 25 | 21 | 13 21 21 20 | 198 | 245
o L : , | (24.0)
Mean | — | 2.7 | 2.3 (g"f) 23 | 18| 18 | %1 |21 | 22 | 197 |22
’ A Tarumae B
~Year| . : - . :
\ 1956 | '57 | 58 '59 | 60 | 6L | 62 63 '64 | 65 | Total | Mean
Month\| ) A ] ‘ .
Jan. 5 6. 3 '3 3 4 4. 4 3 | 3 38 3.8
CFeéb. |3 | 4 | 4 2 3 3 5 3 3| 2 32 3.2
‘Mar. | 5 | 4 | 4| 3 3 3 | 4 2 |2 | 4| s | 34
Apr. | 5 5 3. 2| 3 | 2 3 1 2 2 28 2.8
May | 4 1| 4 3 1 3 | 3 2 2 | 2 2 | 26 | 2.6
Jun. |5 S R 3 2 | 3 2 | 2 1 29 2.9
Jul. 1 | .4 4 3 3 2 .| 2 2 | 2 2 25 | 2.5
Aug. | 6 1] '3 | 2z 3| 2 2 2 2 1 | 2 | 2.4
Sep. 6 | 4 4 3 - 4 4 3| 2 3 | 3 36 | 3.6
oct. | 4 | 3 3 4 3] 5 a4 2 5 | 35| 35
Nov. | 5 4 3 | -4 | .3.] 6 3 31 3.] '3 37 | 3.7
" Dec. | 5 | 3 2 | 3 5 | 5 | 3 3 | 27| 3 | 32 | 3.2
“Total | 54 43 a1 35 | 3 | 4 38 | 30 28 | 20 | 376 | 37.6
Mean | 4.5 | 3.6 | 3.4 |.29 | 31 | 34 | 32 | 25 | 23 | 24 | 31.3.| 3.1
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Ex B M OW ERE2E
) Nasu -
< Year T ‘ : : ] ; i :
® 199 | 57| 'S8 |99 |60 | 6L | 62 | (63| 64 | 65 | Total | Mean
Jan. 3 | 3 3] 3 | 3 5 | 6 5 | 4 5 | 40 4.0
Feb. | 3 | 2 | 2 3] 5 | 6 s 4 e | s 37 | 3.7
Mar 3 | 3 3 3 3| 5 e .41 I 3.7
Apr. 3.0 3 | 3| 3| a4 | 4 |.s 3.0 4 3.1 3 | 35
May | 2z |2 | s | 1) 3 3| 3 5 ' 5 | -3 | 30 | 3.0
Jun. |2 3 | 2 | . 2 3 3 4| 3 | 2 4 | 28 2.8
O R O T 1] 3 — 3 2 | 12 | 15
Aug. | 2| 1 | 2 0 — 2 3 = — 3 13 | 1.9
Sep. 2 2 1 3 | 3 4| a4 |4 | o2 4 | 29 2.9
ot | 03| 2. 3 3 | s 3 6 4 N T 4 3.7
Nov. | 3% ] 4 4 413 4 5 5 5 | 4 | 4r |41
Dec. | 3 3 3 5 5 | 5. 5 4 | 4 6 3 | 43
Total | 30 | 28 31 30 38 47 . 50" 41 41| 46 382 | 38.2
Mean | 2.5 | 23 | 2.6 | 2.5 35 | 3.9 | 45 | 41 | 87 | 88 | 318 | 3.2
. Asama -
~_Year| . . N o : ] ) ] .
: \ 1956 |- 57 | ‘58 | 50 | 60 |61 | 62 ‘| 63| 64 | 65 | Total | Mean
Month : . .
"Jan. | 5| : 3 3 6 s. |- 3 | s 3 3 .3 57 |3.7
Feb. | 5 | 3 3| 4 | 5 |.3 7 s 4 2 | 5 | 39 |39
Mar. | 3 3| 5 | s5al 4 2 4 I 5 | 39 [3.93.8)
“Apr. | 5 3 | 4 | .6a| 4 3 5| 4 2 4 | 40 [4.03.8) .
May 5 | 3 | -4 6a| - 3 | 4 5 3 3 | .6a| 42 |4.23.8)
- Jun. 5 3 4 6a| 3 4 2 3 2 5 | 37 |3.73.4
Jul. 3 3 4 | enl 3 s |5 | 2 3 | 5 37 |3.76.9)
Awg. | 3 | 2 | 5 | s5a| 4 64| 3 | .3 | 5 5| a1 lea@s
Sep. | 4| 4 | 5 |3 3| eal 4 T3l 6 | 4 | 42 4200
Oct. 3 . 3| 6al 4 | 4 6o 4 3 | s 4| 42 |4.23.8)
CNov. | 4 ¢ 6al 3 | 3 6al 8 | 2 | 6 3| 40 |s0@s
Dec. 5 4| eal 5 | 4 6a| 3 2 | s 3 |43 |4.34.1)
Corotal | 50 | a8 | g2 | 43 8| 48 | 36 .46" oy |19 | and
Mean | 4.2 3.2 (j:_% (i'g) 3.6 ,é:g) '_ 4.0 | 3.0 | 3.8 'j:g') | 39.9 (‘s‘jg)
. I — 8 =
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TEEBLEDORE (15 —mB ‘45
Mihara&aﬁa , o k
' Y;:ar ' — . : : . : - -
\ 1956 | 57 | 58 | 5. | 60 |- 61 | ‘62 | ‘63 | ’64 | ’65 | Total | Mean
‘Month\J - - . ) e ) : ) .
Jan." 5 4 5 54| 5 6 | ‘6 6 6al 64| 51 5.4 -
Feb. 5 | 3 5 54| 5 | 6 sa 6 | 5| 6 _5'1'\ 5.1.
Mar. 5 3. 4 | 6 5 54| 6a] . 6a| 64| 64| 52 | 52
Apr. | — 4 3 6 5 5a| 64 . .4-: 6a| -6 45 5.0
May | — 4 5 6 | 5 sa] 64| 6a| 5 |- 6 |47 5.2
Jun. '3 4 ) 5 6 6a| .54 54 '3 ‘ 6 | 64 49  '4.9
Jul |4 | a4 5 | 6 6a| 42l 64 5| 6a| 4 | 50 | 50
Aug. 5 5 | s 6 6o 5 | sal s 6 | 5 | 3 5.3
Sep. 5 | 64| 5 6 6 6 5a|. 5 | .4 | .6 54 5.4
Oct. | -5 6 | s 54| 54| S5a| .5 5 | 4 6 | 51 5.1
Nov. | . 3 6 |5 | 6a| 6 6a| 6 6a - 6 6 5% | 56
Dec. | 4 5| 6a] 64| 6 | 6a| 6| 6 6 | 6a .5 | 57
Total | - 44 54 58 | 69 | 66 | 63 | 67 63 | 66 | 69 | 619 | 6L9
Mean | 4.4 | 4.5 | 48 | 58 | 55 | 53/ 56 | 53 5.5 | 5.8 | o0 5.2
" ASO .
Year = ‘ L Co R )
\( 1956 | .57 | 58 | 50 | 60 |- 761 |' 62 | '63 | 64 | 65 | Total | Mean
. Month™\|. B . ) ) S : . .
Jan. N O S aa|l 4| s 3 3 3 | 38 | 38"
Féb. | 4 | 4 | 4 | 4al  4a| 4 | 4aa| 2| 3 | 4 | 5 | 37
Mar. | - 4 4 ©5 54 4a 54| 4a 3 _‘ 3 4 | a4 4.1
Apr. | 4 4 3 da| 4a 4n| 4o 38| 3 | 4 37 3.7
May | 3| 3 | .3 | 4 2 4a| 3 4| 3 4| 33 3.3
_ Jun. 3 4 | 37 3. | 2| 34l 3 3 3 4 s | 3
Jul. |4 3 3 3 3| sal 2 | aal 3| o3 3t |31
-Aug. 4 3 3" 4 _' 2. sa| 2| 2 3 27 28 | 2.8"
’,.Slép‘, 1o 4 3 4 3 3a| 3 2 | 3 | -3 | 32 3.2
Oct. ¢ |7 e ] sa| 4 34| 4 | 3 | 2 3 | 4 | 3| 36
Nov. | 4 | 4 | 54| 4a| 4 5a| 3 | 3a|l 3 | 54| 40 | 40
Dec 4 | s aal~an| 4 5al 3 0 3 3 anl 39| 3.9.
 Total | 46 46 45 47 39° 48 39 | 34 36 44| 424 42'14
Mean | 3.8 | 3.8 3.8 | 3.9 | 3.3 | 4.0 33 28 | 3.0 | 37 | 354 3.5
9 _
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Ths RUOBOFOELRIUE, BEHLESHS
SRR ED DR BHBIL BEENRTE SO
T, DR OGOV TR 21T 5 S i

T5. KL, =R MERL, BB TERESS
B > T BT, BRICIABELETE T

T E7, WEFTSEE, BAETLNERS DS

oA, BREAENM TR 57, WHEOERETE

| OREEELEEIS hich o fofeed, Table 2 oucix
CBIREOEINZE AL G TR T,

§ 6. MEROFHEL )
BT, &AL CEERER T B, T
KEEEA TS bh, KRR S<,

Medicy (Fig 5). ZOABORIAE sine
Ccurve THb I M5B SHEHI LA KRERDIR

BALT-560THD. KEEHFOEBL, AKT
M E BIZEA SR UEEAY AL, REXEHE

FE, EMIEE, SRGAHER, FEHHR BEX

. Sakurajima

Year ' . ; . |- .
\\\\\\\ 1956 | 57 58 59 60 61 62 63 64 '65 | Total | Mean
Month : o . o

' Jan. 6A| 5a| 64 6a| 64| 548 4n 3 6a| 4a| 51 5.1

Feb. | 64| 6a| 4a| 6a| 6a| 5a| 3 | 55| 6a| 3 50 5.0
Mar. 6o 5a| 6a] 2 6a | 64| 4al da| - 4a| 4a| 4 4.7
Apr. 6a 2 C6a 1 6o 4n| 52 4n| 4an| 5a| 43 | 43
May 6a| 2 54 1 66 5a| 54| 65| 6al| 4a| 46 4.6
Jun. - 54|  5a 64| 1 6.0 6a| 54| 5a 64 3 48 4.8
Wi | c— | 4a| aa| 6a| 6a| sa| 5a| sa| 5a| 3 | 4 | 48
"Aug. ‘5A i 6A 54 3 1 5A- b5a 5a 54 54 45 4E:> 7
Sep. 64 3.1 54 6 A 6 A 5 A 65| 64| 6a 5A | 5'4‘ 5.4
oct. | 6a| 3 6a| 6a| 6a] 5a| 4as| 6al 4da| s5al 51 | 51
‘Nov. | 6a| 6a| 6a| 65| 6a| 5a| 4a| 5a| 64| 34| 53 53
.Dec. N 2 |° 64 6 4a 54 60| 64| 64 2a 49 49
Total | 64 | 49 65 50 | 65 61, | 56 60 64 46 | 580 | 5.8
Mean | 5.8 | 41 | 54 | 42 | 54 | 51 | 47 |50 | 53 | 3.8 | 483 | 4.8
Table 210i%, F3LOACLOTHELAEL  AMER, EMEBTHE. & xid HIk KB,

L ERBOATHRE - SR - B Fig 6 0Lk

D THDH. ThbDZEEE L LNAUE, HEE LA

6r 6 6

Meakan { ’ ‘ }"'*"'"2&
4t - -4 , Komagatake Y
2@' 25 2k
L= TS 1 Mibna
(S o
. ) - o
. Tarumae 6 Nasu [ o
B A N G e
2 Abr. I Oct 2 P ) 2: Apr. ol oc.
o . o A, Ju. Oa. d Aso
6 & ————
Showashinzan | . Asama e
4T At Y e
o ZAN o .
e ¢ L v ] L - Sakurajima
O T o 0 . ot ’

Fig. 5. Variations of monthiy mean quantity of .,
volcani¢ smoke. )
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Variations of monthly mean value of .

Meteorological essential at the above mentioned
meteorological observatories.

Table 3.

Maximum and minimum quantity of volcanic smoke.
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RS DI bAC 5. b, &KL
TR EEHOQ # (2) K #/k Fig. 3 Trh*

RO SICHE LTI L FO ks & Table

3DXH I, W TWLDKIL T, ISR D T
ﬁ%ﬁEESviE:ﬂ;ﬁoikﬁsﬂmﬁ%uﬂJgo TLED
DTH%. ttL &@mtﬁ@%@ﬁyiﬁdk’

T,

%km&%%@imththlﬁv @ 7EK'
I{x—uJ fﬁ"ZTT@“C Eﬁﬁ%t@ﬂ&mm 4Q mdtiﬁfﬁ '

‘b# ENRTES.

’ Qmax: erfin. or :
AQ_—~2dcos(ft—1) e (T)

zoC, THRI2NAICE S ENTE, t FEED

BThD. HRLEANT, ATEDAQ kD
% Tabled Dk 5icich. Iok, BECHIT
DULT ORI, BNAFCEVTETROLR
FOMDKIITIES % D FETEILL.

Maximum value is'
found in winter, and minimum is in summer. ’
Volcano Q max., " Qmin. : (Sx'T(;)r(ﬁZ)’ (iTS?I-nZ) s max./S min.

" Meakan 2.8 1.3 20 4.7 , 10:2
Tarumae 3.8 2.4 52 16 10:3
Showashinzan 3.4 1.2 12 1.6 10:1°

'Komagatake. 19 0.9 7.9 3.5 10:4
Nasu v 4.3 2.2 2.9 0.5 10:2
Asama 41 3.4 130 80 10:6
Mihara 5.7 L 49 300 1100 . 10:3
Aso 4.1 2.8 48 18" 10: 4
Sakurajima 5.4 4.3 180 74 10: 4

R " Table 4. Correctional value (4Q) of quantity of volcanic smoke.
' w M .| Showa- | Komaga- - | Sakura-
{ Meakan | Tarumae N Nasu Asama Mihara Aso pp
Month : shinzan take R © jima
Jan. —0.75 | —0.70 [ —1.10 | —0.50 | —1.05 | —0.35 | —o0.40 | —0.65 | —o0.55
Feb. Dec. | —0.65 | —0.61 | —0.96 | —0.44 | —0.91 | —0.30 | —0.35 | —0.57 | —0.48
Mar. Nov. —0.38 —0.35 | —0.55 —0.25 —0.53 -0.18. —0.20 —0.33 —0.28
" Apr.  Oct.”| +0 +0 +0- | %0 +0 <40 | 0 | x0 +0
May Sep. +0.38 +0.35 +0.55 | +0.25 | +0.53 +0.18 +0.20 -+0.33 +0.28
Jun. Aug. +0.65 - +0.61 +0.96 +0.44 +0.91 +-0.30 +0.35 +0.57 +0.48.
Jul.. +0.75 +0.70 | - +1.10- +0.50 +1.05 +0.35 +0.40 +0.65l +0.55
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~Volcano Q(mean) | S(x 104m2) g (x108m3)" :
Meakan ' 2.2 - - 11 22
 Tarumae . 3.1 3.0 12
Showashinzan .| 2.2 | 4.0 . 4.7
Komagatake R} - 5.0 .2
Nasu : 3.2 | 11 07
© - Asama - |t 4.0 | 120 - 598
“Mihara . | 5.2 140 | ~1213 ¢
CAso ) 35 . 30 0 | 120
Sakurajima = | 4.8. 110 | “ 683
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Table 5. Mean quantlty of volcamc smoke :
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> % 360
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AR TIE logh=0.17Q+2.26 o
AR logh=0.18Q+1.68 |----(10) -
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Table 6. Relation between £ (helght‘ofA volcanic
- smoke) and @ (quantity of volcahic smoke)’
at_Sakurajima. - -

Q - .
. _| Observed mean value| Calculated value
0 Om - 250m -
1. — . 370
Ta 400 560
3 " 800 © 830
4 1400 - 1250
5 - 2000 1880
6 2500 2810
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