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Fig.1 Location of Showa crater (red triangle)

and Kurokami observation site (black square).

—MERKDOND R EOBERIT L YRS MVRIEAE
L < 7ed, RBFZETIE, ZhbOMmAEEEY 1
R, BT MV OIRENRERERFEE TR/ &
RHEICHELE, &I, BEROLLD/NER
RAEFEIRICOW TR PABREAELLT 2D
728, MRATEIEPN OB O BIZ T IR & 72 5 M fE
ERITC, T EiThblnk oz L,

3. MRMRER

PR RN BAF R D s 6, WAL AN 22 E L
T LA Ui, MEREOREN RS 2nr—2 (B
T, “kHS—R7 LFT) L L T200745H24 8
ATTORF1943 ICF8AE L7 B 2, 7=, MEAE D AR
BEZoTer—2 (LLF, “B#ES—27) &LT
200845 H 7 H T-RiT6IRF38 43 (2 F8 A= L 7= W JE % fig T st
G LTERIR L, RAEFEKOY A X%, EHI—
ATEHISEZ BN, fREr —ATIRIIEZ BV
WHIZERE LTz, &7 —ATOIE T iz Eh,
0.60m, 1.58miZ*tI&7 2,

Fig. 2a, bidZNnZEh, EHIF—X, KUORES —
ADOWRMOFEEL 2R LTI T PAVKTHD, W
NOKIZHONWTEH, N7 MVTERE RS/ %E LT
BY, BEFHICBWCERENREERS bV
952 LITEkE L7z &HIEr L,

3.1 EH4S—X

LR —XCTHDHFig. 2aTIE, O ERRBARD
n, ENBRN OB o TS, £LT,
—= O BT TRROMEERENLONDS, K
=AW, RERBEEIIEICRE REER-o
TEY, FRICEABGANDE L Z8H%ICIL83m/s &
FEEICRER EREEICEL VWD, 22T, LH
WL, KO EFLE L, WK% OEEETHEE L
K OFHEEE COEREE R L TWD, KRy —2A



T, Fig. 2aF I JR#E TR 3783mll J5 O FEI AN AH 24
%, MWK B 0O SHY I TR O fi e AR I3 AY 155m b
HLTWzZ &b, FHT3Im/sO EHFE AR -
TWEZ ENSD 5, [ CSHETOK AT DRK
SNELEEE O II26m/sTH V, T OB D FRGEE
WIEVMEZ 7R LT, K DA O i R 8 B3 E A3
Ff4&5(2009) L0 07D /ML R TS DI,
AWTEREEIROY A XOBENDRKERERTH D
Q2iBMR) Kk OASE DOWEIE D 2N A TR <
RUTAE R EPIVORE R % bl U | A B O fiRAT 55 R 23
XV TH D LB Uiz, KO TN E
HUT BB TEL B D I % B 25 L 1 Fig. 3alcoR L7-,
Fig. 4%, 72 % & & COMEHE ORFFEL I E =
LTRY, TNETh@)AOELE, (b:kaXve3imkt
72, (eyk D kv 126emEZEDOMEICHY TS, VTR
DRNZEBWT S, FAEFHEICITRA AN, FFiC
KOE ETHAIMER R, Fz, ZOREHITWT
NOBESICBNTY, MAEZICRbEL, REIZ
EEE~ES 7 F LTS, £Z T, Fig.4a)T/RL
TERERANCH LTy = — 7 by M Z W B
B =17 o7, ~¥—vx—7 L v MZiEMorlet
Z M\ 72, Fig. 6IXfemiic B, SREhcrEfz & o7
V=T Vy MEEDODART AT T ATHD, ZD
M & v, WEkBIME%D0-2080135#92.1% (0.48Hz)
20-40% TITHI3.2% (0.31Hz) , 40-60% TiLI6.5%
(0.15Hz) OEMICH LTy =—7 L v MEREMAK
L ROoTWVWAZERSNoT-, ZORAMTE, 1
ORI T D K DT T O RERELHE O
Tay 7 EEVEEE A — L E LT, £7-, BE
o7 ay 7 EEELER S A —L & LTI
179 &, A b — " VES=L/VTIFLL IO L 5127
<77,
(020D & &,  Sr=62.4/(27.7X2.1)=1.1
(2)20-40FbD & &,  Sr=65.5/(21.4X3.2)=1.0

(3) 40-60Fb D & =, 5r=88.1/(15.9X6.5)=0.9

WP OREHIZ SN T, SHINSITVMEZ R -
TEY, V—< LORAEFRHIL, EEOE &M 3E
EILLE>THRESN TNDE I EERBELTWVD,

3.2 HET—X

Fig.2b i3 BA 88 &7 — 2 DM K B4R 605D 11 D #t % 7R
L72bDThD, Toxh & L EARITMIETE
T, WO EE TV TR S e o T b, Figlb
1%, Fig2bF OHFRFAN (155mlUJ5) TO i KERHEHE
EORRIIZRLTEY, 3 A EORRET, %
OEN EF 7 — AN TREL o T D, Mk
B 2 1% SFO R D 3 i RER L B 1R 19m/s Tdh o 72,
772U, WKBALAE D B STV O W O ERRE OB E)

wims)
Fig.2 Typical results of the PIV analysis obtained
from (a) Upflow case, and (b) Collapse case. Color
scale represents the magnitude of vertical velocity.
Red boxes indicate the vent areas (see Fig.3). See

Fig.4 and Fig.5 for the positions of cross marks.
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Fig.3 Maximum vertical velocity in the vent areas.
The areas are indicated by the red boxes in Fig.2.
(a) Uptlow case, (b) Collapse case.

30

(a) point A

w (m/s)

-10 0 10

T T T T T
0 10 20 30 40 50 60
Time (sec)

30

(b) point E

w (m/s)
10 10

T T T T T
0 10 20 30 40 50 60
Time (sec)

(c) point C

w (m/s)
0 10 20 30

0 10 Zb 36 4‘0 5‘0 6‘0
Time (sec)

Fig.4 Time series of vertical velocity w in

Upflow case at three different heights. The

heights are indicated by cross marks in Fig.2.
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Fig.5 Same as Fig.4 but for Collapse case.

DRAENRED X5 50O T TRAET HDNITON
THLRFTEITo 72, B — 22OV TIEME K E %
DOWEHGREE N LR — A OIS T, M
REEEFSTWDEVWIEVWRR LT,

ARHFFETIE, WEREORENITI-Z W ERLN
HHER - NEFED T — & BTG & LT, 5%
%, RAEBICOWTHIEIT 21T 72 L, WEr —
AHEWRLTIET, L0 BN ERICERIET
WE 2,

PIVAEHT CTIE I AL B OB EN = O £ R T
IIRREZ 72 D12, LV ERIBREDOCCDH A T4\
FoTREINDIZENLEE LY, Lb, BEAOD
B 22 D - DICITHFFRE T 20 ERDH Y, &
MR EDOLE DDV AT AL RAIRTH D, KN
WIZZ S DREITERE L, PIVIENTIZE L 72 Ve {7 14
DEGTE DEHINERT L EnMFFIh D,

# O

AR, FHES R S SEHT O TRk 2 147 FE 3L [F]
MHgE GREE 521G-12) L LTCHEBLEZLDOTT,
AWFFE 2 BATT DI Y T2 - T, 20382 48
4 - HFHIEB) GREZES20710134) O —#% FIH
LELF, ZZICHEERLET,

ZE Xk

INEEEFD - S RFEE - L nsE A (1994) KR
DO E BN OT= D D RZ — BT LT Y X A,
AT AE R, 25147, pp. 38-45

A WEAE L - MY - KAFRE - MBS E -
FHIEAN (2009) A&kl - BRIk 0 TRAE LS
WL DPIVRHT, SRR PSR M SERTAE 3, #5275
B, pp. 319-322.

SR ERL - JIEFFIIE « R TFALIE (2004) : B 7 A4 H A
T K 2 RS B ORI IBESE, BE VLR KB+
FRBIFZERLEL, 25557, pp. 11-24.

Sigurdsson, H., Carey, S. Cornell, W. & Pescatore, T
(1985): The Eruption of Vesuvius in A. D. 79. National
Geographic Res. Vol. 1, pp.332-387

Wilson L, Sparks RSJ, Huang TC,Watkins ND (1978) :
The control of volcanic column heights by eruption
energetics and dynamics. J. Geophys. Res. Vol. 83B4,
pp 1829-1836



Period (sec)

N
@
Q
c
@
=}
Q
<
T
0.063 &

5 10 15 20 25 30 35 40 45 50 55 60

Time (sec) Wavelet coefficient
[
0 30

Fig.6 Scalogram to illustrate the dominant frequencies of the time series of vertical velocity observed just above the vent

in upflow case.

Quantitative Analysis of the Discharge Speeds of the Ash Clouds from Sakurajima Volcano
using Particle Image Velocimetry
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Synopsis

Particle Image Velocimetry (P1V) was used for the quantitative analysis of the discharge speeds of the
ash clouds ejected from Showa crater of Sakurajima volcano in Kagoshima, Japan. Two movies were used
for the analyses; one was the eruption on 24™ May 2007, which has no collapsing eruption columns (“Case
Upflow”), and another one was the eruption occurred on 7™ May 2008, which entailed a collapsing eruption
column (“Case Collapse”). In the analysis of PIV, spatial patterns of the turbulent eddies on ash could
surface were tracked as tracers, and the resulting vector maps showed promising velocity fields. For “Case
Upflow”, the discharge speed immediately above Showa crater was about 26 m/s during the first five seconds
on average, while the average spreading speed of the uppermost part of the same ash cloud was about 31 m/s.
Our investigation also revealed the periodic fluctuation of the vertical velocity obtained above Showa crater
in “Case Upflow”. This fluctuation seems to be connected with the passing of thermal plumes, and Strouhal
number of the fluctuation was found to be nearly unity.

Keywords: volcanic eruption, ash clouds, discharge speed, PIV, video analysis



