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Evaluation of Total Ejected Ash in Volcanic Clouds Using Video Records:
Application to the Eruption of Asama Volcano, Japan, on February 6, 2003

Akihiko TErRADA*, Taketo SHIMANO™*, Sei InMA™* and Jun Omkawa™**

From February to April 2003, four small eruptions occurred in Asama volcano, central Japan.
eruptions, movements of volcanic clouds were automatically recorded by video cameras.
records, we studied the features of ascent processes of volcanic clouds.

During these
Based on these camera
The volcanic cloud on 6 February 2003
had mostly isolated symmetric shape and expanded linearly with height as it ascended. The squares of heights from
virtual origin are proportional to time. These features are consistent with the characters of a thermal, which is
well known from dimension analyses and experiments.

To evaluate the masses of ejected ash we developed a simple model for volcanic clouds based on thermal
assumption, and described the ascent velocity as a function of mean temperature and mass of ash in a volcanic
cloud. In this model, a volcanic cloud is composed of ash and ideal gas, driven only by buoyancy. Any fall-out

of particles was neglected. We compared the model with the video records of the volcanic cloud on 6 February

KI5 50 % (2005)

2003, and deduced that the volcanic cloud had less than about 400 ton of ash.

We found new vents at the bottom of the main crater.

with the ash volume derived from our model.

Volume of the most prominent vent is comparable

Chemical compositions of the products resemble those of Maekake

stage, the youngest stage of Asama volcano, suggesting that the ash were derived from the shallow part of the

volcanic edifice.

It is interpreted that the small explosion occurred at the shallow part beneath the main crater.

We propose that high temperature of ejecta was responsible for the formation of unusual volcanic cloud.
Key words: Asama volcano, thermal, volcanic cloud, camera recordings, mass of ash
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Fig. 1. Map of the area around Asama Volcano
showing locations of the cameras with azimuth
of fields, sampling site of ejected ash and
stations of upper air observations. The arrow

indicates the site from which the photograph

was taken by TSB (TV. Shinshu Broadcasting

Co., LTD) in Fig. 2 (f).
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Table 1. Parameters of camera at OWK station.
. Distance Angle Azimuth Resolution m/pixel
Station | tothe vent of elevation of the images Around the top of
[km] [deg] [deg] [pixel] Asama Volcano
OWK 7.7 14 25X19 640X480 5.6X%5.9

BAShc A0 ERd 2 H2BALTR L. Fickios
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9 A, KOREESBEEIC B LI Ui,
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ELTM&M —75, WS 2003 42 A A - TS

MIcHEmML, TR E S 1,000-2,700 ton/ day
&, 2002 = 8-10 A &[6] U2 Ll EOESER & 7.
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1F FA AP (Fig. 2 (b)), TOEE, “A” ORI
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DHRON D15 E, JRARICERZE 2 LANE S iE 72 (Fig. 2
©). B & IctiA, 12345 TAIC3EAREL
FN T R~ L 7o (Fig. 2 (d)). Fig. 2 (f) 13 TSB ©
R Th 5. EFITBL & o ERTA L HIERH#
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Table 2. The time sequence of noticeable activities of
Asama volcano. The data are in part from Japan
Meteorological Agency (2000; 2001; 2002; 2003 a).
Close circles in “Fumaroic Activity” denote that
the monthly maximum heights were over 500 m
above the top of the summit. Tri-angles denote

small eruptions reported by Japan Meteorological

Agency.
Fumarolic Temperature  SO2 Flux  Number of earthquakes

Date  activity atthevent from Jul. 2002 (>1000/month)

2000/9 [ ]
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"

12 [ ]

2001/1

[

3 [ ]

4 [

: 3

.

8 ° ~100°C

1? : Increase

12
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g ° No data

] 1

[ 3 | $

8 : 2kton/day  §

10 L] 326°C

}; 0.5-1 kton/day

2003/1

§£:§ : 2 kton/day
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Fig. 2. Photographs of the volcanic cloud on 6 Feb., 2003.
The times shown in the photographs are of 3 seconds slow relative to the Japan Standard Time.
photograph taken from ASE. The time shown in the photograph is of 1 second fast relative to JST.
photograph taken by TSB from Miyota town in Fig. 1.
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(a)-(d) A sequence of photographs taken from OWK.
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Fig. 3.
out the remarkable parts of volcanic cloud.
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1, Woods and Kienle, 1994).
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(a)-(g) A sequence of photographs magnified around the volcanic cloud on 6 Feb., 2003. Numbers point
(h) Schematic of convection pattern at surface of cloud.
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Fig. 4. Whole rock and mineral composition of the 1783 and the 2003 ejecta of Asama Volcano. (a) Whole rock
composition. Composition ranges of the products in Maekake, Hotokeiwa and Kurofu stages are also shown
(Aramaki and Takahashi, 1992; Takahashi et al., 2003). (b) Anorthite content of plagioclase compared with
those of the 1783 products (lower, middle, upper airfall pumice, lava flow, and blast in ascending order). (c)
Pyroxene compositions on the quadrilateral diagram of Lindsley and Anderson (1983). Thick broken, solid,
and thin broken lines are isotherms of 900, 1000 and 1100°C, respectively.
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Method to estimate the locations of volcanic
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above sea level. (b) Horizontal locations.
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Fig. 6. Details of ascent process of volcanic clouds

on 6 Feb., 2003.
heights and maximum radius.
height as a function of time.
Eq.(6) fits to

(a) Correlation between top
(b) Top of
(c) Examples of
the observation data with

variances about m=1, 3/4, 1/2 and 1/4. Z is
the top heights of volcanic cloud from virtual

origin.

See section 6-1 for detail. (d) Z* as a

function of time.
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5L, RKENCET 2 IRAEEHE» S OmE s 3%
Fig. 6 (d) I</”9. T, m=1/20& =12k (6) 2
FTLTESNZBRICHY L, Thermal 75 & I$FRIEBI%
ZRT T EMTHENS (BIAE, Scorer, 1957). Fig. 6
d) 25, EEE2,930m DL Fico W, R HE S0
B TREMNOT LT VERTIBHEA R S N B,

Pl ot o G OIS “A” OEE)3, 7174 EKE)7]
&9 % Thermal & L CORHAER>EEZL SN 5.

FEORKIEERE L TWBITbEDL LT, T0E
B OB O EE)NC IPEF IR S 1 W (Fig. 6). C
OHEHIE, L 72 F722,830-2,930 m OFFHICE T B
FEEI 1% EETH Y, FENEORENHEIE D
FBLTORENCHEL THFMTNS o eeb EEZ
5N 5.

RIS, EEOMWFETEHEIIPHENE O & W S GE T
T 5, — I, EEENTEAID A F e RRUDSIEIE D
Bl x VvF-Ick0igRL, BEOSEEMENT ST
L TIHFNEERT A, Dy, KO THRS S i)
BAMESNE G, B EREKETEZ L LMD
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% (f1Z 12, Woods, 1988; Woods and Kienle, 1994). 74
WFHE Tk - 72 G OIS “A” OETICII, HHE % R
I AR RS, L LAFEIIBRES NS Thermal
OEE) E[ERETH - 72, TOFEE L GEH AT - 7268
s onsg, AR TIRKOEDS 480m L) L 5
LB 2@ LTw 3, B, CogsPEic
KA ETHEAS L TRIWKEIAME T L5 254 5
nE, FHEEET A7 o 22D RFEEITTICKTLT
WDTHAH. ORI, MK E KR
HETDEIICRABTEEFF LV, RS, KOT
WEEIC G2 SN /EEE S, WIS ES 5L
AlcEE STV EEbn 3.

—75, AEEE “B” ARk s, &
fo, EEOR S TG c & s o o e, Slalid
SER ST 21T b 1S,

62 KILKFEHEDHTE

Fig. 7 (a) 1T, 200342 H 6 HOFEIEE “A” 1220
TEFESERE T & KIKEEM, 2 E LT (3)-
(5) X SEHE L Fo I & i & 0B E oz 2 BUs L L
Tofl (oa—p) /0. 27T, MEMEEER Y, Fig. 7 (a) IR L
= 2,900m 1281 AEGAIE 5 70m & U, BERTRE
DRI, 42 BITR L AR THE L BRI RS
260K & L7, —7, WED LRERD 2 & 3EH LWL,
—fiT, MEEREORKEIRAT S & THODICEE
ME R4 2 (BIZIE, Woods, 1988). MEHEAV/ NS WIE &
K& DRGNHFENR O I, KL T - 75 10
mFEEOBEIETE, KO RICHENS E Tl siREK
ThkExcuwizEBbns, I3, EHEIOKEIEE
NTVWEEIHICRAZEEFELEBV. £2T, KW
5 TEE D FFRIE 700hPa 1235 1) 255 363K &9 5.

Fig. 7 (a) ICBWVC, MEPREBHE» 552w
B, BESEERENS D, & 503 KILIKEN DR
WIEE, TS JE P & OBEZE (0a—0) /0. IR E VSR
HEon. ) X o, BUHPEE r & BUHEERE wy, =6
8m/s AT 5 72T, BIEOYEE IFHIAR &L
DEBRREE/NS W ENEGESN D, £ T, Fig. 7(b)
1, () REFOWTHE L 2B LS w &, Bl
A b8BT wop, D ANHEE 1IN 5 Al /R T
2 ODEMT, M <t U CBIAE I LA we, LTS
Wic, INEmETAST MAEZ1=—7ICRET ST
EMTERLW, UL, Fig. 7 (b) 12k L fiRDIR 2 80
Mo, T, M, DO B 2HFHAAEKDIAD S T EBbh 5
TubDb, BlE N EAHEE we,=68m/s i3 %
120D KILKERE M, 13, 363K ICB T 2 EESHET 5 T
& T 360-430ton LI &%, —F, BEONAEEE L0
ton (fiTICBIF A EESET 5 LT, 280K HiRLLE &
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3 5.
C DAREEMMT T Z 5 BARND, C 13, TEEHN

7> 5 0.89 (Malkus and Scorer, 1955), 1.5 (Saunders, 1961),
KAEEER S 1.0-1.5  (FlZ1E 1957; Turner,
1964) 75 EMESNTWS, —7, Turner (1964) 13, C
Lk —EDBHRICH BT L AL TVWE, AT
R 57z k=0.66 7> 5 Turner (1964) IZHE > T C A&
Bdré, Cl3122&%M%. 22T, Fig. 7(c) 1, C%
0.89 BLU 1.5 & LAHEAITFig. 7 (a) 225 (2) XEH
WTEIEESN D, we [THIET 5 _EFEHE w OHIFHZ R
ER kMF%%M®§ﬁﬁi C %089 & LA
3m4WmnC%15&Lt Z450-490ton 750,
C%E10& 78 m«fﬁmékﬁ WERJEE S I P
TkomfiﬁC&Eﬁmﬁéutﬂb@

HEOIEE A" 3 EFEEINS - 2t (2) XE
A < &SRB HE IS W TARTTOH & [FIiE
FEOMiZS542 5 ENTES. L L, 2004 FE0OEM
KILIEKD £ 512 10 i m/s 2 HiZ 2 | FIEEE % H -
M (RAET— %) IS LTI, XD BN 21T
ABEEZOLND.

S 51T, BIOBHAITEIC & » BIEEARREE 28 T
fE, Fig. 7 (b) 2> SELANERE & BUARERE 239 5 K
MFE%Méﬂ%*¢ﬁf%5f%55.mzﬁ%ﬂ
B AT EBOICES, BGREPRI L, EEERmAT
meﬁ,Tmbgﬁﬁﬁﬁm§®T@ﬁ%6n5z&
PHIFFEN D, COXIITHAN X SEHEEGHT 5 &
T, WO E3KKEE M OHAEZRETE 3 & Eb
nas.

5B, GEOEE B 13, KIIHEEE > AfELR ek
S TIRIE ERAEZIED T O 20, GHREE A" &
RO 21T > 2L RTEH V. 2T, KIC
“B” & Thermal &[Gk D EE %2 L TWick A75 9.
Thermal O EESESUIHHEA T 2 L+ — D 1/4 Fic Hpl
4% &0 B (Morton et al., 1956) %, “B” @ LA
FEI1 “A” O §EIFERE 7 - 72 T LT, “B” DEL
IRIVF—F A OR40%TRELFHTS N 5.

6-3 KO L DLE

33 28R Lk DT, YO AT
DWW E—F L TVWAZ ENS, s hniz kK
KiMEDES = LT bDsEZL NS, £/,
KIS RE S B O FAEF S KRS S Th -7 T &
UV < fth, 2003) 70 5, HEFRIGKITES < EESTHRAEL
reEEBAOND. —F, EKEDOSH6 HBXLU 22 HIC
1118 - BT I L 0, BEOZILIKOESICE RO
NSRRI R R U, HrLwkKORRE, BEER
HREMIER OG-, ThoDT Ehs, RbEH

Scorer,
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Fig. 7. Variations of parameters as a function of temperature 7" and mass of ash M, with radius of 70m and height

of 2900m a.s.l..

A lE LT, BHARESFTAOOKRE SISind 5 &
FATC, MEELET S, 2 ] 6 HEKOETDIEE “A”
EENBKIKER, ¥ 10%F2E O REEN AL
260D, $1400ton LI EEZ SN D, TOMER, HEH
YD ERE 2500 kg/m® % F W TR AL 5 & 150 m®
DIFITHRS L, FBERRO K2 BGE T IS ERK 4m L)
NEisz, —F, ROKEBHKOOBERE, K18
DO SNAEEED S 2 3m AR EHEES N, Ok
SRR O RS D ITFEF LIS,

64 MRNTFEORKRE

AF ORI, EHEZ RS 2 oo EEEER s
FHHEEEHWS I ETHD, D, EHESEAEH
W & D SRR T 2 RHEE S ORZEDV/N
W, Fh, HEEME SEEICHEETE 500, &K
FE71 2 500N 2 5 QMG HERISIEREL] S
TFERERELTEREEDNS.

—7, AW LT LIE, WL HOhOEER
OEICHES L O, BEHFRESEE S L ORI
EHNBEEPINETH S, £, AT FIVCEFEME
BRIRD Thermal TH v, HNSHCCHPEEZFE>Z &%
TEL TV, §E->C, RAFERERRHCREES /7 vh
/ AEKOEEORFrA R bE LTV 5, ZHITHL,
NI ST 5 7 5 Plume B 0 I, #E I & 2 K
Shear FAE 12 BRI & 0 BEE D TR DS N TEB 25 H
CARBIT R < 752 ZHELE, JKiEICE OMEES &3, ATFE
PR NN

F 7o, EEOSRE O ER) A RE 5 O 13T
HBHERELTVS, HE->T, Bl R CILIER
5 & OIVERS % G U RO AP RE SN BG40,
ERNETH D, HEEE A" 13, K SKFEICH

(a) Density ratio (0.10)/p.. in Eq. (2).
stippled area is enclosed by uncertain of observation data.

(b) Velocity w in Eq. (2) with C of 1.0. The
(c¢) Velocity w in Eq. (2) with C of 0.89 and 1.5.

700m SN TS FERIED TB Y, 1IHERS SHME
HEDORLDOHVCER SEI N EEZ LN, b
UKAE EHTEicB 0T & FRERIE L TnicE s
FEETcREbONCKIKBERGBEREL S, S56I,
S KEEEDE LTS, ToERIIKLIKICIHE L
THHTEBRRBENSVIEERELTVEDLD, 55
nickKIKERIBERKORBODTH S, T/, 276
HIE K T 3R AR 75 72 01 FIRO A 25K 5
TWa, DbkolEhs, Kk vigohntokKlK
BRI, RRKORBLOTH B LICEENSETH .

S 5IT, AFETIE, WHE TS N2 DT EmED
S L 7o KK PIEAFREES LTV, 26
HME K DI & (FBRE IS FRIKA R S g, ek B
IZ Cone (R & R o Nish - oz, HED S zg
HIE I EROBHE S KX EVEVEEDN S,
KGR EOEHYAHRE L v b 2 EnFlish
5 EXFITE, TOBEEPSLETH D

65 FEIEFCRHELE

S[E| DK DI HIE 359 400ton DI FTH b, 1980 4F
RUBNCREE L TV ABEKDEHETHZ 1105
100 Jjton 7 5 % (BAIE, FEG . fth, 1975, Tk« &
JUI, 1982, ¥ fih, 1983) &EE#EL T 10093D 17405
10,000 53D 1 LI N OIS G T & /2. & 51, IEHY
DHHH 5, B S A fo KR KRS 2 7R L <
Wi EEbng, ok, EE@MEosaaE LD
BRERFI L FICEBELLY, BLZ 10ESDIC
I, PR T & 2 BEOBE AR L RN E LT,
EHPOBRENEF 5N 5, BAKITEILS, KIERE
DPRFE 3 15 (Table 2) LB FE B OILAN A SN
fo. 51T, BEKBITHES D - KOO N IZFRE L
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T, Thool Enrs, EHYOBRE G CLLE
HotckEBEZLoND, s hicoklKiIDETLEE
7o totedd, BEENICHLD AA IR S & D TR
ZHERL, BHO» KA m ER L COLE» S bR
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7. £ & ®
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D WS D E B 1) s BB ) 75 Thermal 12 75 L 75 W
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i 150m° DU & FfE b - 7o, WG, 1980 FEALIHTIC
KT FAE LT W7z /NE K D 100 53D 1 5> 5 10,000
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LRl OB BF O B KK O REH K ZTRIE &S 1
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ElRAbL Ty, 1Ly O PR T X 2B OEE)
s hizEEZ oN5.
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