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The Kinematic Features of Volcanic Clouds: A Series of Small Eruptions
from 15 to 18, September 2004, at Asama Volcano, Japan

Akihiko TERADA® Yoshiaki IDa** Sei Inmma™** Mitsuhiro YosHiMoTo™***

and Taketo SHIMANQ®¥¥*¥*

Some fundamental features of ascending volcanic clouds have been revealed using images of the clouds that
were automatically recorded by video cameras for some eruptions at Asama volcano on 15 to 18 September, 2004.
According to the analysis of 17 volcanic clouds that are nearly isolated and of a symmetrical shape, the radius of
a cloud increases linearly with increasing height, meeting self-similarity of ascending motion nearly up to its
maximum height. If the height is measured from a suitable virtual origin, the ratio of the radius to the height can
be a constant that is identified with the entrainment constant. The entrainment constants determined in this way
have a mean value of about 0.24 in good agreement with those obtained from previous laboratory experiments,
even if the values are greater than 0.25 or less than 0.20 for 35% of the analyzed volcanic clouds. During the
ascent of a cloud the height squared is nearly proportional to the time and the product of the radius and the ascent
velocity is almost constant. These empirical relations are consistent with well-known characters of a thermal that
moves in incompressible uniform surroundings. Coupling these kinematic features of the volcanic clouds with the
Scorer’s relation and the equation of state, we evaluate the total buoyancy, the total mass, the density and the mean
temperature of the clouds that are regarded as thermals. The total buoyancy of most volcanic clouds did not
change significantly during their ascent process. The cloud on 17 September has a relatively great density
contrast and small total buoyancy, probably reflecting hot ash particles in it supplied by a Strombolian eruption at
that time. The volcanic cloud discharged at 11: 54, September 15 contained ash of 2,500-3,700 tons or less with
the mean temperature of 310-360 K or higher, and the volcanic cloud discharged at §: 38, September 18 contained
ash less than 8,300-9,100 tons with the mean temperature higher than 310K or higher.

Key words: Asama volcano, thermal, volcanic cloud, buoyancy, entrainment
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1. FL®HIC

T s NEKICREFES NS, RANOEHYIHEFE D
R TR T 3K TIE, LIF LIZAESBRZ 54
WA & 1, Y O R L R A B L o A
EENEITIE S, 0K REEEE)NL, (LEED S
nrMBER AR TR 2 CENBETH Y, EH)
DOt U CRILFN Bk D 2 YR 41525 2 &
rrsn 3.

BRI I > W, FHHIcG A Shicai)idisb
LA X VF—D 1/4 I, @mEhESEspld s &
WS ¥ v P IVILIETE (Morton ef al., 1956) 7 LIE L3
HHsH, ToklkEREsEEb O TE (Bl
1%, Wilson et al., 1978 ; Sparks et al., 1986). %72, Woods
and Kienle (1994) 1, = ¥ # L& —{fFH1ZHWTET)
FHINRAEE L2 ® F VAR L, Redoubt ‘K[l 1990
FIE K TFA L 72 co-ignimbrite ash cloud @ _F5FEE) D
AL, WO DRED b & THEE DR
EHEE L. L L, TNSHEFLTE, BEERKED
BEBEFRICTO>WT, =Y b A v A Y b OIRE (Morton
etal, 1956) HVLNTEY, BHFEO KB IS L
Ty bLA VA Y bORELBHT 2 24P, = v
FLA YA Y MEBOMIIOWT, TaRBESLEEn
TV,

Z D& BEES A OMIc, BFEOEEMG DT
BRAAEIRROBE L EICRSNTHE D, Plume
Rise 7 (f1 713, Briggs, 1969; L1, 1978), WO
fiitfe RO« fth, 1983) 75 &—HofZkE, MEOE
BB EH E DiThTWEWL, T4, # 4 5%2H
W IESEELAISHEIC T O ABNTITIR A AN - T &
THD BAE, FH -, 2003), BUGEER % G0ERH
TEEE» O b, KILEKMG DT FiLZ LT 5 C
CITIFEELD B,

COXIHHHEEOL ET, FH -l (2005) IFHLIRE
FED L FEE PR OB 1S EEARTI SR A S
MITT B 72, ERKL 2003 42 A 6 HE K O BEE |
SRR L, BEHEORIHRAER & ELRRS LA 5T
ZEXE) /)& LT 159 % Thermal O3EH) (Scorer, 1957)
& HlE L 7z, Scorer (1957) @ Thermal € 7V (3, JEIFR
(RDEERIE D RPZEP B ISR s T 5
E, KITHR SN 2GR AN TRE Y v 7 IViS
bDOTHB., TO—HT, EFMCHNE /52 —4»
Wisnow, BRRIATRES EAR 5T B kLI EE,
ERET 2EMICEBEN L V. ETAH, FH -
(2005) CFARHT L 72D —PIl 72 > 7o T &, WS/ N
BETTF — 5 OEMWEL o122 Em b, FHEEHRETHE
%’E’Ci) e f?_.

ERAILD 2004 9 F 14 B2 5 18 HOIEE T 13,
5K T T 2,000 [Alic 4 2/ NEKAiE & (FIAE, K
RIT, 2004), Z< OMEERIMSES N, BEE, ER
ThHIFETE SN, METHNIEZHOEEHEE
THEIE->TLEL, WINog&s FAEF LRt 2
TEMEELL, ThTx LT, AR S hc g
13, SRR KRR ZE ERY 2 2 O BRIE D
fEIICIER SN & VS ERT, AEEETH 3.

ZZTAUETIR, 9 15 HEDS 18 HElC T
FH U o BIEYR s O, $EEL O MEIE O ALK P E &
OMfFEEATER(L L, EB O % Scorer (1957) D
EFIVCRESVWTHETT 5. CofERIcES %, kL
JEDT v b LA v A v MERERRES 5130, bRics
b8 D DR IELDEF 2O MICT 5. & 61T,
W I & & N B K LR B AR EE 12 > W Tl
52, EEER O & AR OZ L L ORIk A
wd 5.

158, WS K R TEA ST L 72 it iy 5 8
STERESNBZ I EDH D0 (BIAIL, KJRT, 2004),
KX Tl R S WY kSR A O 5.

2. F — 4

Fig. 11, AW THEMT 2 2 > 0N * 5 OALE
%779, OWK 13, KHOh SRFFEEAK 7.7km BN 7238
SMTOLE 2 [T RFEINGERT IR E & N e SRR
A5 (B2 TC3810) TH 5. WHRIL, FHIEFTCKRT
MRS K LR « Bl v 7 — () IcikiEsh
TWhE=FICM LSS EZ», 2-16 71 a<d>
YA LS TRAEFARBENMREEENTWS, AT
&, 4 Pic 1 a < oORECTRES NG Z, Y1 X 640
X 480 pixel D JPEG JEX D& 1 Wi R ~Z54 L C(dif] 5
%. Table 1 12, Hi{EA £/ Y54 -5 %E/Rd. TIT,
OWK 3 BEJETEE 1 U C i o AR [l s ] B 25
Shrctcs, Bl 2RISR L T3 2457, <
N5 BGOSR IR ICi S s T vig
W, Tote, Wi Ik Ul & n R LTEEE
HOE S PR#MSHIEOME %, HIPK & KT 5 C
ETHEE Lo, iR NEbic, HACKEEER: (JST) THY
BRI N TV S D, T OFZIIE 200449 H 17 H
18 FFDFHHER; 5T IST 22 S5 13BN T ic, AL
THEGH) S EZN R EE TR WA S, Kin X T IREN 7
GNEZzDEEHNS.

AVO 1, KD SHEAK) 4.4km (Tf7E 4 B HFTRY:
A LERIFT OBHINICERE L CWicF Y 4 v E T A
HA ST, BRI DV 57— 7~ 1 EICH 30 0 <3l
ENTV3, AWZETIE, EEEBORKRIZ r -,



PRI L THAFE U o/ N K O IEELES) o #5{—— 2004 45 9 H 15-18 HIEK

OWK Dfijf§ & DFEAWAZE LT, 421 3 <9,
4 X 640 < 480 pixel D JPEG JZ0 D & 1l [l ~Z8 2 L
fo. WA FEICFRS MBI E IST S0 hid, #
IBPANEEZ NS,

IhoMgs— s i<, Y, WESLCER
(Fig. 1 ® TTN, WIM £ O HMT) IcBW\ T, fH 9 1
BLU22BIcEEILTWEIL—Y 4 vV Yy FEHL
reEBERREN T - 5 &, BER (Fig. 1 ® KMG) Tf775
DNTVEYA Y K7 a7 7 A 5% E 0 EGEE R
F— 5 %5 T 5.

3. FRiTY BrEE

Fig. 21T, 2004 4E9 H 14-18 HicHB 1 2 K[akk% 0-
61, 6-12 1, 12-18 1, 18- 0B 6 BHE T & 1Tk g
(KE R LES K LER KL « e v v —, FA
2). T THKEEIE, OWK 71 4 5 (Fig. 1 ® OWK)
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IC & ORI AR Lm0 3, SERTA NS
LU DA (Fig. 1 0@®) ICFESNERKilT, &bl
#RNE 0.4 Pa L) O Z2RMGEER S N7 BTG T 5.
14 H3E304029 A 1 HELROE KD X /214, 15
HER# 2 MK DEFET 5 & 21078 - 7o, KR
16 HICA-> AL, 16 H 15-16 B> 1 Brfijic 3 84 [A]
AT, 17T HRVIBE, BRI BEE s> LT, 18
H 21 ¥ 3 53 OB K & i i —EO KGR A L 7.
I SEEDLZ 13, IUTED S 1,000-1,500m 374D 5
K 3,600-4,100 m FEFELL RO & S IcE# L2 (RRIT,
2004).

31 HEESKORBOIKRL

A EE U C, EKOEEPBICE (AR s,
15 H @B K D A F| % Fig. 3a IZ/79. 14-15 H DK
&, FIEMEE A U T Bt A, R TR TS
BHARR IS KK DIEH TR 1 5 5. I & (&

® Camera Y
& Infrasonic Microphone N

= Upper Air Observation
oWind Profiler Observation

km 36°26'24"

36°24'00"

36°21'36"

138°28'48"

Fig. 1.
upper air observation stations.

138°31'12"

138°33'36" 138°36'00"

Map of the area around Asama volcano, showing locations of the cameras, infrasonic microphones and

Table 1. Parameters of the cameras at OWK and AVO stations.
Distance Angle Angle of view Image size Resolution
Station to the vent of elevation (horizontal x vertical) (horizontal X vertical) AA?;%?O&E%%?
[km] [deg] [deg] [pixel] (horizontal x vertical)

AVO 44 41 49 X 63 480 X 640 79%6.7
OWK 1.7 14 25%19 640 % 480 49%5.1
SNK 7.7 19 47x 36 640 x 480 11 %11
gnvg, 7.1 16 29 x 22 640 X 480 6.3 % 6.4
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Fig. 2. Time sequences of number of eruptions in each six hours after Seismological and Volcanological

Department, Japan Meteorological Agency (pers. comm.).

Downward arrows indicate the times at which

volcanic clouds analyzed in this study were discharged. Stippled bands represent the periods in which the data

are invalid due to cloudy weather.

ST EBIE ZIR~BOOEIER FRLLDOT, 21
ZNOEKIZEG ETESICHITE 3.

—7%, 16 HEip 5 17 Hich <, EEofmickoun
T~ OWEK & EG 0 Hiakd 2 L 3L < 75 - 72,
BRI © OBIEIC L NUE, D& X ORI H
W OBREIC A 72 F 72, RIEMERT S EASK D OJE T
iChtk - 1I5HREBECANS1I6H3EIA, LY
16 H8HTAMS 16 H 16T A% T, HHEFTTHHVEE
KD T Wz, 2T EMmD, YEOBmEIIFEAL
FIDBOKKAEGUIRER >t LBbn b, ZERo
FHRDL S, KD 5 D KIIKIE A W ERERE T
BoORSh TR EBBEND, BEEORIZIFIT
#J75 Plume k% 5 L 7223, Fig. 3b1Z/R4 & D1, LIFL
EBR OIS FAF 2R PR S

16 H 38 A, REFR AT AREE R H BT EE T
B 4 Mg (BB, Fig. 1) THREWEA O KSR
DEIE SN D X 91278 - 1o UEAEESBH, M3, K
K e At (2005) i KA, 16 H 10 & A I3 KDEICE
X 140m OIFEH ¥ — 2O HEES N TH Y, KOK
Tl 16 HRIHAD SIEEEHA D T0 i EEA SN S,
16 H 15 R & Az B EEBAYER U 728 Bl K h
&, [FEREDE A O K OARBABIZ S e GREKL
2004 SR ILETAITEHRES 29 5). £ L C, 16 HE» 5 17
HEFNC T, FRENE A O K AR B HR IR
& LRI NIER, HIRPEERES £ 5 THER
KIFE AT S Ntz (Fig. 3¢). /bbb, ZbovR
) REALL DMK, 16 HAAN S 24 BEVL b0
ML TV EEZONS,

17 HORHFIZE D, REELHIEOWK DA 2 5T

ERcE{mo/c, KOFIPECESNS 17TH9
Ir & © ORLIERY, MEEEE) o A RETRE I 16 H & [ERE
<& -tz (Fig. 3d).

17 B4 FH 5 18 Hich 3 THEKEHUZRD L, ke
75 T EMER I o Jik H & R 0 K LRI HH & v 5, 15 H
PIRIOZEEICR - 72, 18 H 8 I 37 43113, 14-18 HD/)\
K T bR & 78 ERIRIE % £ 5 K23 F84: L 72 (Fig.
3e).

32 RHTY BEEDETE

SR TN Z 1570 - 7%,  Fig. 2 I <
K. FHE S, BERLIL LIS 0 ERALSB L%
OFERERT X RO H - 7o, KGR OETE
5y DIE VI IEFIC b 7 D R X, SR O EHEE
BEiEA B ENTEL.

AW CEESH 5 D1, ERFISE WA L
BHROMEIETH 5. TR EEIICH 2D, FIEED
KE S OHEERAHERHIOIEL T0 5 O IkRE, 2
B~ IAL L TR DUEFE A 5 A 72 (Fig. 3). TD X9
wam L7z 17 MoK & 2 5 EEH BRI %, Fig. 212 |
T/RY. OWK REEEN 4 5D/, WEOEMES & E
NTWa, 2L, BHEMEIZRE L b REHS 0T
HERE 1< EH) 2B T & IO & %2 # A 12 (Fig. 3c).

IS ORI O RmICB W TIE, KPR L 21
R AOFN & ERNC, Bzl (FlA 1, Hill, 1894) O X
515, WEEE D & NECA RN O RN AR T & .
FREOmRNIZ, HEORL 2fk%E I HERRAT 3
TKFESEER (Scorer, 1957; Woodward, 1959; Turner, 1964a)
LTERIITED 5N TE O, 4-2H T~ 2 Thermal
KH#NCBIR SN 5. BERNsHENE, EEAKL



R LTRSS U 7o/ N K o I P ) oD 4
2003 7E2 A 6 HIE KO T HEIE S e (FH -« i, % ORI & OWK A7 - 7273,

2005).
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Fig. 3. Sequential photographs of analyzed volcanic clouds that were discharged between 15 and 18 September
2004. (a) The eruption at 11: 54, September 15, 2004. The photos were taken at AVO.
September 16. (c¢) 19: 13, September 16. (d) 5: 11, September 17.
were taken at OWK. The times shown in (a) follows JST, while those in other photographs obtained at
OWK are of 13 seconds’ delay relative to JST.

(e) 8: 38, September 18.

(b) 18: 20,
The photos
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PINTIE, B L TRFE 2HVTERT 5. 1B
JEEE D FE AR Hl %, Fig. 3 O HEIHE TR
2D &I ITHAI - 72 pixel %, FH - fth (2003) O F
HEEFWTH A 5 DM 0 7 &l - 7D RaA A
FE O, ~ZHL, | B H OMEESE h & LN O IR A
O ET %

hi=dtan(6;+0) +ho 6))
ZTT, dildN A 5o HIEEE TOKERRE  ho l3BER
DA A 5 HERETH 5 (Fig. 4a).

RIS & 0K ARNIC b BT 5. CokH753
UOTHLER) % 1 R OMYE s O EE(Ld 5 72, HEIE
IHTEK TR S L 72 T &, IR O KER
WHEWACE S RINERRANCBE L E 2 REL T, d
DOEALAEZERE L1 (Fig. 4b). AL, BYRicBLisn
PR DR, BRI (A ¢ fth, 2005) 35 X U KMG
(Fig. 1O KMG) IcBI 2914 v 7o 74 55F—%
rBEICHZ 1

WEREAER v 375D BIEE 2r 13, Fig. 312 2 KOHERT
& U B 0 B KB 1R % pixel B THEAHLD, M
FE LEIRRD AR CTEBOE S~ L TRk .

ZDEITLTHELNZEOREEERETT 5. 2%
GEEBIALS, A N, Table D B8 X UM Lo
(L& CHg Y, EEKOLTAR Y T49-11mTH 5
(Table 1). —J}, #EAHO EIT13 2-3 pixel F2EE D ARHEE
MBEEND 120, FEEROEESE B X CHEIEEEO R
EORESE, WATI030mFEETH 5.

R w, (3, B 1S U TSR b sy
WD T ETRD . BRI A TRORS N
i AFIH$ 50T, Ficid 1 BRREORNIHEE N R
AEN 5. mE OFHHIERMEES 410 Tch b En
5, FRESN KD 5N B FFHEICIE 1-3m/s DR
WEEN D 5.

4-2 Thermal DEFNHIHE

AR TR E T 2 D13, BAERKREBEDORR
%8894 75 Thermal 73, {F/1D A 2B )& L THL
KR EBAELBDE ERTIHRTH S, HhrHEHCH
WA S 72 513, Thermal D% r & & X z DRRIE

¥ =kz 2)

EET L. 2T, 230 &SRz,
(Scorer, 1957) St L cE S, k 3EMTH 3. rid
Thermal DI R FEE LT OT, 4-1 HiHIR L 7 EE
RIS 5.

Thermal @ 555 (3,
% (Scorer, 1957):

URTCIRFT D HIRD & 5 12T

(a)

@® Camera ANk
© Location of the Z Yy
volcanic cloud

Sea Level

(b)

NS
y=(ana)x+b

@ Camera

A Vent

O Volcanic cloud

— Wind direction around Asama volcano

Fig. 4. Method for estimating the locations of
volcanic clouds from camera recordings. (a)
Heights above sea level. (b) Horizontal locations.

w=C<g7'O'z P r'> ’ 3)

2T, w3 Thermal TEEOEME S OBENEE, o &
0a | Thermal DN E L ORI KGO ERE, g ld&E
TR TH 5. CIIERINTRD S5 1HIROER
T, TNETND Thermal IZOWT—EDEZ & BT &M
HHNTWE2, %@ Thermal TR PRE 25 (f2
&, Scorer, 1957; Saunders, 1961; Turner, 1964b). T ®
fo, K TIEC %21 & LCEEL, Blic C OAMEE
DRSS 5 A 2 B A iR T .

JELARROERE IS~k Bty (3) NEF IR Z
W CHRIc > W TR d 5 &
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zhoct (4a)
ERAY oX>)
zoct 2 (4b)

%#15% (Scorer, 1957). TN O DK E, 41 HiTERILL
PoAER L AT 5 T & T, EELEE) QM AR B,

5. MEEEE O

51 #f E

AEDHEEACT, B X BKEHANOBE) 2%
8L 7o ELER O ER(L AT - 7o, 1 ZEA S DD
AESFAIN O ELEEE 1d, KMG (Fig. 1) TR
SNFEEICFE LW, (HL, 17 H 5 FEHO 2 flico
WU, MRS SR D 3 m/s FEELE) - 72,

AW TR, WEES)O T E 37 FEVEFEEEEL
T ExHE LY, EEEER{bTEES O MR
&, EROK OEE S (R 2,400m), 1HITERES (2,568
m) XX LT, P 3,000m FifETH 5. < OFFHOEIE
DEEEE1Z 3,600-4,100m TdH 50 5 (KT, 2004),
AWFZETIE, B L Th o2 ETo B 2/3~1/2
DOHIFAZERLL 722 LITHYT 3.

%72, Fig. Se O — LA, BIEDS LA 2@ T
BHEOANHT L E > 727, FREIRRTHR OB E
st T8k

52 ERBEO®KE

Fig. 5D 12, AMEHEICS TR L 72 AR & Sl
DOFEf%R%, Fig. 5@ 1T, BFEICxd 2 EESE O (LA
AT, ZITC, T I—/N—(FHE? 5 DFAID I A
F N5 ARHERE 3pixel 2> SRt L FoTlERZE R K<

Fig. Se ZBrE, LFNOBEE L FRIGESIITHL T
FEIEICIER LTV B T EDbh b, @ L1 17 o
EICB 5 k ONEIZ 0.24 &, KIEFEER» SHISNT
W5 0.20-0.25 (F1Z 13, Scorer, 1957; Woodward, 1959;
Turner, 1964b) I & { —H L TW3. F7, Fig. 5O 0
B LIS ORRE FTANMEL, FED 0 255
SUTHHE S B R I 2o 1957) O FHfE R
2,400m T, KIESER) 2,400m 12 & < —F L7

Fig. 5@ 1<, Kot d 2 AHE L zo » S D& & z D
2FEDEE/RT. Fig. Se ZFR< WINDr — 2 bEKR
RS R O NS, b5, £ OEE FFER > L
T, (4a) ROBARAEL L TWB T &R a5,

51T, (4b) X & OREIFRZEFINS 121, Fig. 5@ 12,
BMEET S W CREE] & 5 & OBAFRIZLLIT OB

(Scorer,

z=A@—t))" ©)
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ZHTEDIAERERT. T, 1o 3BIEEHED S
OIS, 4 ZEMTH 3. KFETEIBRES 2 ¢
ELT, n=3/4,12BLU1/41c>0T, IR
FEEAHOTRE NN T X — 5 A4 &ty 23t 5B L7z,

Fig. 5a, b, d BT, #/)%5KE) /)& % Thermal
DR TH 5 n=1/2 OHIFR IFMEELED) %2 X <HBH L T
B, n=1/2,LLT¥5 4= 2RO IEBIBOND
3 (Fig. 5@ var.) &, FEkEgiikr% L4 2 ik
Plume IZB89 % n=3/4 (Turner, 1979) 75 & & L7zBRic
B oN 208 & IR L T I/ &S W, —4, Fig. 5¢ D
BlciE, n=1/2 & LEBRICES N3 08IER/NTIdR
W, NI, Fig Sc WEREIOREIHSMGE TH > 172
W, 5) RO n RT3, L0 EEOKVAHETOE
ATt THAS.

—J, WO _FRE ] T oilif) 4 E LT % /2 Fig.
S5e D@ T, WL T OfEEEICET 5 3,800 m fif
#B b, ERRNBEGR» SEREFICANTL S, FREGS
ORIR S, AR ST 3,800 m 125 L 72 DI (34
HIBERD 53 L < #hN (Fig. 5e®), S 3,800m Hij% T
EHRENZL LT EDVRIBE NG, T Dy, HEE
733,800 m 123 L 22 BEZIT I g 5 150 sec LAFE D 7 —
FIRAMLELTKIIL, QAP G X070 TFv
TR SRV, TO XD IEoNRERE, fthofls
FIREIC & VIERED R S 1 (Fig. 5¢D, @), Hifin=1/2
FEE) A i b & < BT = 72 (Fig. 5¢®@). Fig. Se lc kL
S Mvfc BAMsIERTER OES) ORI, ERRETKIL 2003 4 2
H6HICRELBEIEEEETH S (FFH - fih, 2005).

DI bofghn o, EREKILOMEE, Z oEEo KBy
IZBVT, EHOTEZ o EREN) & L TESH)
9 % Thermal E[EFEOFHAEB LTV EBL LN,

6. =& Bl

AR TEONIHERE, o, EREKILTER S Bk
BEIE L, EEhO L WEIFHICD ) HEMEUHE b 5,
(1957) m35ERAL L 72 Thermal OES) D R34
TEIENDhr-T. KETE, INSERERII-L
TKRIPFNEHRE T LD 5.

61 KIUEEDTY LA VXY MER

Thermal DR EZER & A 575 51F, 5ETRD K
kidz v kA v xy NEBIC—E9 % (Turner, 1964
b). T¥ kLA vy MERMK IR, EEERKOEIE
HTOoVWTERMLEZES 1T 2 HHEETH % (Morton
et al., 1956; Woods, 1988). ZD—4 T, k DEEHRYD 5
YIRS S HHEE T 75 W 3Dy, & & @ Thermal IZ> W TdH
B TERL AEAI S T &8, KIEER» SIS
TW% (BZ1F, Scorer, 1957; Woodward, 1959 ; Turner,

Scorer
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Fig. 5. Details of ascent process of volcanic clouds shown in Fig.3. (a) 11: 54, September 15. (b) 18: 20,

September 16.

between top heights and radii.
(5) are also indicated. Variances are shown for each fitted curves.

(c) 19: 13, September 16.

(d) 5: 11, September 17.

heights from the virtual origin plotted versus time.
to the total buoyancy based on the equation (7).

@ Heights plotted versus time.

Fitted curves for various

«

(e) 8: 38, September 18.

ISl

n

@ Correlation
in the equation
® Squared
@ Time-series of variation of rw, which are proportional

See chapter 5 for detail.
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TADBERE D 5158 5 Nt k ZBRSIC L TR (Fig. 6a).
I35 == %, RPNCTEEICKD kK ERDIBEIZE SN
tofEERATd B, Fig 6a > 513, k1T TR
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(1956) %> Woods and Kienle (1994) 72 & T v kLA ¥ X
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DOHFIPATHI 5% FRETH % (TTN, WIM B L O HMT O
EESEENER). X512 C 3, % Thermal IC>WT—
EDMEZRD ERMoNnTWVD (Bl 21X, Scorer,
1957). F7bb, rw B—EEBEISHFHL, EEO 2T
HNFRBERESN TV EEREL TV,

— 5T, BEDLIEIF 34 BBERTE{bd 5T &
DHILNTWS, BIAE, KK FED B, EEEN A
WOAENIRREWIESE S ETEHENEHEEST S
(Bl %1F, Woods, 1988; Woods and Bursik; 1991). FZER
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DEIAIBF E LT, Redoubt ‘K111 1990 4ERE Kk THE L 72
KW Bac Ak U 72, #1THHIE £ 1,000 m (253 5 co-
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Woods, 1993).
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Fig. 6. Time series of parameters associated with

ascent processes of the volcanic clouds. (a) Ex-
pansion ratio, k (radius/height). (b) Corrected
radius 7, using the equation (2) at the standard
height of 3,000m a.s.l.. (c) Corrected ascent
velocity w, using the equation (4b) at the
standard height of 3,000m a.s.l.. (d) Density
ratio, (0a.10)/0a, obtained from r; and w, using
the equation (3). (e) (rw;)? that are propor-
tional to the total buoyancy. (f) (rw,)"? that
are proportional to the maximum cloud height.
Triangles show the observed maximum heights
of volcanic clouds, measured from the vent
bottom by Seismological and Volcanological
Department, Japan Meteorological Agency (pers.
comm.).
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