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Abstract

Studying the physics of experiments using common materials to simulate geological processes
frequently provides novel ideas and insight that can be applied to natural phenomena. In this study,
a physical system of a laboratory experiment that is assumed to be mathematically equivalent to
volcanic eruption systems and its behaviors and physical processes are investigated. This study
aims to obtain through a laboratory experiment such new insight and ideas that it would be difficult
to find directly from field observation and mathematical modeling of volcanic systems.

In this study, the physics of a pipe-chamber eruption experiment was investigated. This
experiment was inspired by a sugar syrup eruption experiment conducted as an exhibition during
an institute open house. The experimental system comprised a vertical pipe connected to a gas
chamber where a constant gas flux was maintained in the gas chamber and the gas-liquid flow in
the pipe.

First, pressure changes in the chamber were investigated. Sawtooth wave-like pressure changes
(STW) were observed during the constant gas supply. Similar waveforms have been observed
as geodetic signals that are associated with repetitive explosive eruptions and Dome-building
eruptions. Volcanic oscillations have been explained by flow-induced oscillation models that
include a coupling between elastic capacitance and variable flow resistance. Behaviors of these
systems have not been studied by laboratory experiments. It was shown that the experimental
system of this study was mathematically similar to the existing volcanic oscillation models. The
chamber pressure changes and flows in the pipe in the experiment were comparable with magma
chamber pressure changes and conduit flows in volcanic systems, regardless of differences in
specific scales and flow structures. In the experiment, periodicity spontaneously varied in either

non-periodic, bimodal or trimodal manners, even if the given experimental parameters such as



the pipe-chamber geometry and gas influx were constant. These had not been expected from
existing models of volcanic systems. Finding such new phenomena is a significance of the lumped
parameter model experiment of volcanic systems. As a result of the flow image analysis, it was
concluded that the spontaneous periodicity fluctuations were caused by variations of flow structure
in the pipe due to past gas emissions. I inferred that, in the actual volcanic systems, fall-back of
ejected materials, dike collapse, or different depth of magma head could disturb periodicity of an

eruption.

Second, acoustic waves were measured at the top of the pipe in association with the chamber
pressure oscillations and gas emissions. The acoustic waveforms were disturbed preceding that
the flow structure in the pipe and the chamber pressure periodicity were disturbed. In general,
the acoustic waveforms with the sawtooth wave-like pressure changes in the chamber had two
characteristic frequency peaks. The peak frequencies were explained by two different resonance
models. It was shown that the amplitude of the lower frequency band in the acoustic wave had
good correlation with the sawtooth wave amplitude in the chamber. Although the mechanisms of
acoustic wave generation in this experiment and those in volcanic systems have not sufficiently
linked, this experimental results suggested a possibility to find a correlation between a particular

component of infrasound and ground deformation observed in actual volcanic eruptions.

Finally, relationships among ground deformation, infrasound, and video records during 2015
Sakurajima volcanic activity were investigated. The recurrence interval of sawtooth wave-like
ground deformation was by far disturbed compared to the experimental results. It was not suc-
cessful in finding a relation between successive events that was comparable with the experimental
system. The main finding was that the correlation between the sawtooth wave amplitude of ground

deformation and the cumulative energies of small infrasound signals during the individual ash



eruption events. It was suggested that the infrasound energy would be a useful parameter for
monitoring eruptive volcanic activity.

In this study, I have not completed updating volcanic models based on insights and ideas
obtained from experiments. On the other hand, showing the mathematical similarity between
the experiment and volcanic eruption systems, finding disturbed periodicity and the correlation
between a particular resonance model of infrasound and chamber pressure were important results.
They were unique outcomes of a model experiment of volcanic systems. The obtained relationship
between infrasound and ground deformation at Sakurajima was found as a result of reviewing
and analyzing the observational data applying insights from the laboratory experiment. Based on
the above results, this experimental system may provide a useful tool for understanding volcanic

eruption system.
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HillsOO Montserra) U O OO0, 000000000000 0O00C0OOO0OOO0O0OO,DO
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SN
%/
Chances/l’i/k\%

Extensometer _| l 150m

R/ SN\ L

Figure 7. 000000000000 000O0QOO (Voightetall, 1998, Fig. 1).

Figure 8: OO0 ,CP3 (Fig. OO O00O0O0OO0(@MOUbOOOODOO0), 0000 (RSAM, 10
gboboe000O0ODODODODOLOOOOO),1DO0D0ODLOLOOOOODOD (RSAM
O000000000O00oO). (Voight ef all, T998, Fig. 5).
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212 0OO0OO

gboboodooo,bbooobobooobbooobobo,ooobobooaooobgao

gboooooooooooooog.

gboo,0o00boooboooboooboooboobbobooo,oobooobooobooo

0000000000 (Jaupart and Vergniolle, 1989; [lames et all, 2004, DO0O6; Azzopardi et all,

POT4; Del Belloefall, PO015). OO0 O00O0O0O0OO0O0OO0OO0DO0OOODOOOODOOODOOOD

O 00O (Vergniolle and Jaupari, 1986 [Taitel ef all, T980; Akagawd, 1974); Vergniolle and Jaupari,

M9RA; Pioliefall, POT7). OO0, 0000000000O000O00O00O00O0O,00000
gboobgoboob;0o0obobooboobobooobooboobooob;booboboob
goobgoobooobobobboobooooboboobobs;bobboobooboon, b
oboobgoboooboboobooobos;gbooobuobooo,boboobooboobOobooob
gobooooooooobouoooboboobooobgoobooobobobobobob

o,00boobooboobogoboobobo ig.Ooboooobob,0o0oog,on

0000000000 b0o0ob0ouobobouOoOoobOogUn. Vaupart and Vergniolle (T989)

g,000booboobog,0gboobooooboooboobooobooooooboOoD
goooobooob.boobobo,0cobogbobobooooooobobbooooogoo,o
goboobobooooobobo,0bob0b0ooboob0oboboooboobobog (Fig.
M. 000000000 (Sugar-water solution) D 0 0000, 0000000000000
Uo0oo00oooo0,00000b0000b00b00b0n (Tamesefall,?2004), 0000000
OUooboOooboooboooooDoboooooouoDouo0DO (lamesetall, PO06) (Fig.
). Del Belloetall ZOIS) OO0, 00000000000, 00000000000000O

OooooobooboooooobooooooboboooobbboOo0nO (Pafricketall,

2007; Gurioli et all, DOT4; Del Belloet-all, POTY; Capponi et al), PO16; Gaudin et all, 017y, 00O

— 13—
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000000000000000000,0000000000000000 (Fig. ). O
00,000000000000000000000000 Azopardiefall (P004) 0 000
000000.000000,000000000000000000000000,000

gboogobooboooboooboo.

gobooooobobooobobooo,gbbooobbbooooobooooboaon
goboobooobogobooooob.boboo@Wooobooo)boooooboooooo
gboobobobobo GFeg @)U, 00000000 0obOobOobDOobDoobo,0b0oD
goboobobo,0boboboboob0obooboobob0 g m@OoobOoOOODOD
(Caneefall, PO0OR). D000 0O00O0OO0OO0O0ODOODOOOOODOOOOODOOO,000000
ugbbboodoobbodoo,gobbuooobbooobboooboob,booobobao
gooboboooooobob.obob,0b00boboooobobobobooon
go,00o0booboboooobobobob.0obobooooboboboboon
gobooooboooboobooobo,obooboboooob,bboo,ooboobooboo
goboooboboo,boooboboo.bogo,booobooobob,obboooboboo
gboboooboooboboono,bogobooob.ooobooobboooboboo
OO00O0DbO0ob0O0Oog (voghterall, T98) 0 0000 0OO0OOOOO0ODOOOOODOODO

000 (Fig. ).

00000000000000000000,000000 (lamnesetal, 2004, 2006; Tané
piall, DONR; Azzopardi et all, 2014, Del Rellaeiall, P0T5) 000000, 40000000

g, gjooobobgboooobobgobobbo.bobooooboboobooooon

Ooooooooooooo,0bbbo000boodil (DenDoelder et all, 1998; Malkin

berall, DOT0), 00D OD0D0O0O0O0ODODOO0ODOODOOOO0 (Ozawa et all, 1979; Kakac and

Bon, POOR) DO ODOODODOOO0DOODOO,000D000DO0ODOOODO (Fujitd

ET4a3



2 0000.0000000000 21 _000ooodl

et all, DO04; Kurokawd, POTE).
00000,0000000000000000,00000000000000000
0000000000000000,000000000000000000000 (Qzawd
e all, 1979; Kakacand Rod, P00%). 100,00 0000000000000000-000
000000000000,00000000000000000000,0000000
00000000000 (Feg. ). 000,0000000-00000000000000
00,00000000000000000000000000000,00000000
000000000,00000000000000000000.000,0000000
000,0000000@00000000000000000000,00000000)
0000000000 0000000000,00000000000000000000
00000000000000000. Fuiaeral (004) 000000000 2000000

gooooooooobooooooooooooooooooooogooooooog.
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I P B
0% 00 ® ”
000, N 0 SO
50 9 na 0 g Lo
o L
Ooa 0 e
’ %0:3 LI
..° o ‘ . 0 ) .-
800'000 % 00 0
g 0 .
3}?:3 30‘b°00%3° ° AT
0 82, oaaogo o
0© “%oe 00,0°,0 0 Sl
52000 404 o0 ) ﬂ
% 9 9 0 S
OOo“"o e AT
000‘3%00 c— ARERES
90 © 0 e
0882 IS
Bubble Slug Churn Annular
flow flovs flow flow

Figure9: 0O O0O0OODO, 000000000000 ,000,0000,00b000,00DO
00000000 (Faifelefall, T980, Fig. 1).
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H Conduit

xxxxxx roeene

.o
AN Foam

o o Tank
<] ° o o !

© o

© o
o o o

o
o o o
o ] o o °

o 0 © 0 0 0 0 © 0 o 9
R,

Figure 10: Vaupart and Vergniolld (T989) U 0 0 0O: D00 UOOOOO0OOOOODOOOOO.
00000000000 00,000000000000000O00OO000O0DOOO0O0OO0
O0000D00O0000D0ODOO (Vaupart and Vergniolld, T98Y, Fig. 2).
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— .
,._::- suspension

springs
=
Pz6 — ©
o
ASG 4 = pz5 )
i
Pz4 - Accz g
2
3
E —
!
ASG3
Pz3
ASG 2
Pz2 —™ i
release "
pressure valve g
balance <| g
tube o o
ASG 1 i 1
Pz1 SUpp|y

Fz —™

Figure 11: Hames ef all (PO06) 0 O O O (Tames et all, PO0OA, Fig. 1).
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high-viscosity
plug
(v ~1Pas)

liquid
(u~10°Pas)

Figure 12: Del Belloetall (P0015) 0 0 0 O (Del Belloetal), TS, Fig. 1).
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(a)

Vacuum chamber
P=10Pa, V=0.1m?

4 L Transducer
block C1
B1, 7T~
i c2

1.5m
=
|
|
m I
%]
Q |
[#%]
T T

C6

— — Rupture diaphragm

GRDEE
solution

L ] Base pressure

Figure 13: Laneetall(POOR) OO0 . (U D O0O0O0OO00ODODOOOOO0DODOOOO (GRDEE)
gbobobobooboobobob,0boboboboob 1oPab0O0OOD. A,B,
cobooooodobobobuoboboooooooo.oobobooooboooooooDo
000000,0000000040m*r0000000000.()000000O00OOO0
O000000000 (Caneefall, 200Y, Fig. 1)
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™
)

1910 1 I _
= g
. 4450 =
¢ 2
3
2 1810 1 8
8 1810'L o
a 350 =
2] [
7] o
[3°] -
® 50 E

17 10* — ! - L L 550 O

10 50
(b) 1910 =
3 <
2 1
> 3
7 g @
g 1810 g
a [=8
© P
7] ()
© Qo
m
§
5
1.710* L L L 300
250 275 300 325

Figure 14: Laneefrall POOR) D D0 OO0 OO0 O0OOD0OOOO.OD0DO0ODOODO,DO0Q0OO
gooooood.Gibibdb @uboboboool. (Caneefall, PO0R, Fig. 14)
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(a) (b) (c)

Inverse annular flow

Conduit lining
Poiseuille flow
Detachment

Margin fragmentation

g
2
=
3
g
E

Figure 15: Faneerall 0R) 0 0000 00000000000000000000000.
(000000000000000000,0000000000000,0000000
00000. »)OO0O0D00OO00O000D0O0000000,000000000000,0
000000000000 00000000. (¢)000000000000000000
000000000000 000000,00000000000000000,0000
0000000 (Laneetall, 7O0R, Fig. 17).
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30.

(a)

n
o

— PRESSURE - DROP
i r_ OSCILLATIONS /

(LS

/ |

~n
o

S

PRESSURE DROP (PSIG)
o

P, (Constant)
\

& <
/ FREON- I ——
p =
0.
0.0 05 10 1.5 20 25 f/ g
MASS FLOW RATE (LBM/MIN)
Q Q 2 B Q|
- —
Pe (Constant) HEATER SURGE SUPPLY
TANK TANK
FLOW RATE = EEEEE
a.m = 0.79 Ibm/min —»|  |=-20secs
PRESSURE
FLOW RATE
b. i = 0.62 Ibm/min —»|  |=-20secs
PRESSURE ,_f7W7:7tﬁ7":
FLOW RATE ~
c. m=0.53 Ibm/min —|  |=-20secs
PRESSURE > g

Figure 16: (U0 DO0O0O0O0OOOO0OOO,00-00000000DO00O0,OOODOODO
(Kakac and Bon, P00, Fig. 3, 7, 8).
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213 ODO0OOOOOOOOOOOD

gogbooboooboooboooooboo,oboobobooob,obo0booobooobooon
oogboooboobooboooog,0obooboooooobooboobooobooobooo,oon

gboooooooooobooogooooooo,gbobobobobobobobobob

0 O (Whitehead and Helfrich, T991; Ida, 1996; Wylid, 1999; Maeda, P00, Barmin et all, 2002;

Melnik and Sparks, P003; Kozono and Koyaguchi, PO17; De”_Michieli Vitturi et all, 20173; Cher

erall,POTR). OO, 0000D00O00DODLDO,000D0ODODbDOD.
goobooo,ggbboobooobooobooboboobbooboboooobooag,
gboooboobobobooobooboboooobobobooooobo,boboooboooboo

U000000000000 Lumped parametermodel D0 OO0 0O0O0O0OOOOOOOO.

obobooooboboobobuobooon,bdn, Melnik and Sparks (P005) O 0O, 000

gboooo,oboo,ogobboobooboooboo,boobbooboooooobooo

o, gooooo,gobog,boobg,boboboobooboabooobo,boobooo

OodooooooooooooooOo. 000, Kozono and Koyaguchi (P012) O O, Jaupari

and Allégreé (T99T) 00 0 00, Permeable 0 0 0000 0000000000O0000OO,

De”Michieli Vitturi et all (Z013) O O Wersonefall 2006) 00000, 0000000000
ogoboooobooooboobooooo.obooboob,0b00b00bb0OobboOoDboo
ooobooboboooboobbooobog.

U0, 0000000000000, Lumped parametermodel l OO0 OO0 OOOOOOO
o, 0oooooooobogoooo,bboobooboboooboooo,obbobooDooo
OU00O000.0000000000 Lumped parameter model (U 0,00 LPOODO)DO 0O,

oboobooboobooboobooboobooboo,ooboobooboon.

U000,00000000000 (Whitehead and Helfrich, T99T); D0 DO OODOODOODO

_24—
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(Ida, T996; Maedd, P000; Chenef all, POIR); D0 0D O00O0000O0D0O00O, 00000000

0000 (Wylie, 1999; Barmin_et all, 2002, Nakanishi and Koyaguchi, P008), 0 000000 O

O000ooooobooUuOdn (rersonetall, P006) 00 0O0. OO, Nakanishi (2006) O O

goo,000bborpbbooboobboooboon.

ooooooo p,0,0000000000DCO0O0QuNMmO0000Q@uO0O0O0OO

gboogoboobooboob,bboboboobooooobg,

dpch
dt

- ‘;Y—M (Qinvt — Qu1) , (1)

goboo.oogtobd,yO000000DOO0O0OOO0DOODOODOODOOO,wWwDOOD
gooooooo.y0O,00b0oboboooooooooooL,0boobooDbOo, KO

00000000,G0000,y=425-000.

o0,0000000,0000 eqODODODOODOOO0ODOO0OOO0OO0OOOOOOO, O
O0oo0ooooooooooooooooooooan,
_ Bunmlm

Deh = 17— Qm + pmgLlw, (2)
7T(IM

go0.0000p,000000000000D00D0O00O0,upmO000000D0O0O, Ly

gooabo,pybooobodbogb,gddoboooobogg.

oo, 0o0oooobooo,ooobogboo0oonDon P, Qu, im0, 0000000

OGuO0O000oooooooo.

2
mwair Ly
P = —2—7, 3)
™
ray P mlady

Qua = Sl 8V’

4
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7ra12\/[LM _ 81 Ly

T = ; %)
M QuM Waf\/[fy
L
Pou Tayy

oo, 0oboogoobobgobogooboob,py0obobooobg. P g,
DDDDDDDDD(W(LIQ\/ILM)DDDDD,DD wmdooooooooo @oboboooo
ocooo)oooooooooooobooooD,.Qub,mooooOo0obbooon,oo
Ly, 00 eqyO0DOOOODD POOOODOOOO,TywO0,Qumi0000D000O0DO

ocooboooooooob.Ggyobooooo ppyOoonooo.

Qv = Quu@Qyp Qinm = QuMm@ins Peh = Pam Py i = pifiyg AM = p1pys t = Tumty

0000000000, Egs. @, @ O,

AP}

o OF 7
dt;/[ QIHM QM? ( )
o= anQu + amGu, ®)

gooooo.oob,p0o0obgooobogobob0.00,Eg ®O, 0000000,

dQs 1 |dp;, L diit dpt
diM = — |2 -ouTM - au M|, ©)

000,%w 4 noppo00,0000000000000000. Egs. @, ® 00 @
M M
0,000 LPO0O0O00OOOOOOOD. 000000000,0000000 LPOO0O

gboooobooboobboobooboboon.

Wylid(1999) 00, 000000000000000 (iy,) O, Total dissolved volatile content
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Vi (AppendixB) DO 000000,

fing = exp [B(1 — V)], 10)

OO0 (Fig. . OO0O,p00000000000D000DO0ODO0OOOODODOODOO

0000000 (Appendix B).

da(M99A) 00, 0000000000 ap(AppendixB), D00 000O0OOOO0OODO peno
O0oob0,000d0 eq0O0D0O0O0DOODODOOOOONO, Pressure purturbation, pep, — Peho
goooobooobooboboob.boo,boobooob0oob @wWoboo)oo
gbobodboboobbuooobboo0obboobbO (g @ DOODO,000D0O0

ooo,0000 evO0000,

v = —g 1)

O00.000,au =aeay. 00, Maeda (P000) 00, 000000000000000O

OO0 (Appendix B).

Barminetall PZ002) OO0, 000000000000 00O,00000000000000

O . Nakanishi and Koyaguchi (2008) O , Barmin et all POO2) OO0 000000, 000000

godo,bgdgoooodoooogaouoo,ouooib & i0ibood,i0od pu 00 pe

wm<p)bOO000D0O0O0000000000D0O0 (Fig.@.000000000,000
000000 LyOODODOO0OO0O00,000 a=p/mO0000
1 (LY, < 0),

i = (12)

1— Ly + Ly (LY > 0).
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00000 (Appendix B). 000, Ly = Ly Ly,
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(b) ;

Prassure drop x10°* (Pa)

Mean dissalved volatites (%
S

Flow rate (m? s ')

QinM

S
§ L] AL - ] o 25 o
Tima {hows)

Figure 17: Wylie (1999) 0 000 (000000, b) 00000 (Wylid, 1999, Fig. 3).
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) M \/ V -

i Ida model N S F

S :

[ =100 -
i i Maeda model ]
u I 1 1

4{]_/\/\/\/\/\ = 1 ! 14

| 0 ?.: 4 si

. 8
case of constant replenishment rate =3.3x10
04 (dimensionless)

)

“nco 03
0z
01

50000 100000 150000 200000

)

4
03

S0 NN ANNNA AN
s |/ PV R s e

Dimensionless time

Excess pressure Discharge rate

(di

Figure 18: (1) 000000, Ida (1996) 0000000000 O, Maeda (2000) 0 00 0 O
000000000. (b)ida(m996) 0 0000000 (Ida, 1996, Fig. 4), (c) Maedad (2000) O
0000000 (Maeda, 2000, Fig. 2).
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21 OOOoooo

(a)

QinM

i 5 s 5
& @t-10 & @t-to0
T4 steady P-Q curve 34 T,
a g f]
o} -} !
° k-l e
g 3 fixed point 2 L
= [
x 2 x 2
2 limit cycle E
21 21
o [+ o
g, Initial value g,
o 1 2 3 300 320 340 360 380 400
Volume flux x Time delay, Qt. Dimensionless Time
;5 5
S, (b) t.=11 E{ (e) =11
H 4 3 4 L T
3 8 -
2 3 @3
£ E
= =
x 2 x 2
2 g
21 31
2 2
2 Initial value e
a 0 o 0
o 2 3 300 320 340 360 380 400
Volume flux x Time delay, Qt, Dimensionless Time
+5 P + 5
& &
4 . GOSN (0 1=14
g %_fixed point 2
23 o 3
E £
= 3 =
x 2 X x 2
2 e
g1 e steady P-Q curve % 1
4 R Initial value &
0 1 2 3 0 50 100 150 200
Volume flux x Time delay, Qt. Dimensionless Time

Figure 19: (a) Nakanishi and Koyaguchi (2008) D 00000, (b) D00 OO (Nakanishi_and

Kovaguchi, DTI0R, Fig. 8).
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214 0OO0ODOOODOOOOOO

goobobobooo g@oogo,0boobobobooobooooooobooD
gooboobooooobooboobo,obgboobooobobooobobooboobnooo. b
ogo-00ooO0opooOoO0O0oboooOoobOoOo0Uoboobo0UoobDoOoooDboOo,bobobooo
O0000000000 (Fujitaetal],?Z004). OO0 O00000O00O0O,00000000O0
goobooooooooboOooooobo0oobo (e oDOO,000bDb0ObODoOoO
oooooooooboooboo,0o00oocoobo0oboobooobooooooono. o
Uob00,0000000000 Lumped parameter model OO0 OO0OO,00 LPOOO
ooooo ¢y, ocooooooooooobo,00booooooooo,b0coLpod
ocooobobooooboo.boooboboooobooo Stwooooo,"boooooooog”
goooooo.gooobo,"ubbgboobooboooo"boob.oobbooboD
0000,00000000000,0000000DOOO000O0DOOO000ODOOOO

oboobogoooob(@o,0boobdb)0buobo0ob0ob0ob00obd (Barmin-etfall,

P007; Nakanishi and Koyaguchi,POOR). OO0 00 LA OO0 O0O00OOO0O.

gboooo,bob-obobooobobooboob,boboboooboobooooooo

ugboooooboooo,bgoboooobboo,oobooooobboooooobooo

gboooboooboo.oobbobboboo,ooboobgooboooo,bbobobo

gbboooboooboboobbou,oobooobbooboboooboboo.boo

gbobooboboobuoobboobuoboboobbooboobbooba,booboo

oboooo,0oogooogoooogooobooboooboooboogn.
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22 00OOO

221 OO0OO

00000 Kannd (2016) 0 O O Kanno and Ichihara POOR) 00 000000000000
O.000000000D000D000000 (¢p=5mm, L=630mm), 000000000
o0,000000000000000 (Fig. 20).

gbobooob @o,0bobo0)oboooboboobobobobooboobo. o
OO0 BOHLIN OO CVORheometer 0 OO ODOO,25°CO0O 1PasO0000O0D0OODO.
oooboogoob2secobbooooooob.oooobooooboooobooooooo
ooooooooog.

gbooobobooooob,booboboboooobooboboooboobooboo.ooon
goboobooobooboobooboobbo.booboobooboobooboo
gboboooboooobob,oobboooboo.bboobbooobboobboo
ooooooooooooo,0cobooboonD dBS,FMNV2-NHOOOoOoooooo.

OO0 (KISTLER 701A) DO 00000000 DOO0O0O00obLO,00obgog (B&K
4193) 000000000 00b0.00000bOoPpCOO0DOODObOOO (Dewetron O
O DEWE-21H) OO0, 000000000 10kHzOODODOO. OOobOOooooooo
O00000000 (Photron, FASTCAMMIini) 00000 00.00000 (~0.01s)0
gooboob,0000000 1/8000s,8000fps 00O O0DOODOO. 00,000 (~1h)0O
go0ob0o0ooobobo,ob0b0000 1/5000s,50fps00000000. 000000
Ubooboo,0b0b0b00b000000 (ECOSignStoreJ 0 YST-7000) D00 000O0O.
goboogbooboo,pISconoobooooooboboooobobob.bob-boob
goobooooob,bbooobbogobobooobboooobobbooobob,boo

gbobooobo.0boooboooboboobbooo,boo5smmbO O00DO0O
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gooobgo,0obooobogobobobooboooboobo.obobobooooog,oon
gooooooooooboooooooooooboooobooboob,bobobobobob
oboooooo,0oboogobooooooooooo.

ob0,00000000000000 Tablee ;OO O.

00 oo
Amplifier B&K-NEXUS Amplifier
Amplifier KISTLER-Type 5011
Video SONY-DCR-TRV900
High speed Video Photron-FASTCAM mini
Data logger Dewetron-DEWE-211
Pressure KEYENCE AP-C33
Compressor ANEST IWATA-CFD07B-8.5D

Table 1: O OO0
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N

VaNe-O\\\E_E

Microphone

/DriII chuck

Experiential image

Length 630\m7nv\v—v‘_ Pi —

pe(¢ =5 mm)
High-speed camera Pressure sensor
(Photron FASTCAM (KISTLER 701A)

Mini)

11}
— e

Height 120 mm

$ =50 mm Gas mass flux
(Regulated by IBS FMNV2)

Gas chamber
(Ve=20-160 cm?)

Figure 20: 000 0O00O0O.
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222 0OO0OO

00000,0000000000000000 (Qw), 000000000 (V,)00000
O00000000.0000000000 Qi =0.2-1.5(cm?/s), V. =20-157 (cm®) 0 O
0.00000000000000 Q. 00000000000000000,0000
000000000000000000.0000000000,00000000 (Valve-0)
0000000,000 (00 25°C,~1Pas) 00000000000 90mmO00000
0000. 000,000000000000,000000000. 000000000
00000000000,0000 (Q,O00000000000000000. 0000
00000,00000000000000000000,00000000000000
(Valve-0) 000O000,000000000000000000000000.000,00
0000000, Valve-00OOOOOOOOO0OO,000000000000 +0000
000000000, Valve-00OOOD.0000000000000000000000

googoooboob,0booboobbooooon.
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23 00OOOOO

231 OOODOOOO

Fig.210,0000,000000000000O0O0O00DO00DO0bOOO0bOoO0.oooo
gooboobogoooob @uoboo,bob sEEy o, bbb uobooooon
00,000000@O0,000 200000000000 00bO00D0O00O000n
O0000D0.0000000,000000000DO0O00000O0ODOO0ODOODO0O0
00,00000000000000DO0OD00D000O00ODOO0ODOODOO0OO0OODOOoog. o
O, 000,0000000000000 1,14 @0000, https://www.shimadzu.co.
ip/opt/products/ref/ref-app05.html), 1.49 (00000, https://www.shimadzu.co.
ip/opt/products/ref/ref-app03.html) 0000, 00, 000000, 00000003
g0o0obO0obOO0o0OO0o0ooOoobOobOOooOO0o0bOOobOooO,0boboob0o0o0o.oboOooooo
goo,00bob0oo0boob,0bobo0oobo,0b0bobDOoo,00bobOooooo
goo00o0oooooo,00oooo0obooooboobDg,Fg @OO0OOOO.DOO0O,DO
goobooooboooobobooob,0bobobDoobobDoobOo,Dooo
gooboboobooo,oooobobgboobooobooD3pgooobobo.ooo
000000000000 bOoDOOooO0O0o, 000000 boooooooooDooo. oo
000000,0000000DO00000O000O00DO0DOO00O00DOO,0000000
000000,000000000O0000.000,000000DO0000D00O00DOO0O
0O0o000O0bOO00o0o,0000b0000D00ooOO0obOOooO0.0bO, 0000000000

gooooooo,oooogoooooo@ubo,0bo seEExnypoooo.

goooooo oboobbooboobooboobboob,0boobooboo

goboooboo.ooboob1oboobooboo,o0boobooboob,boo
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23 O0DOODOD 2 Jbob:0bobobobob

Uooooo0.0000000 Feg. B@Ba, 2000 (0D0O0O E43000). 00000,00
gooobooboboooo,obobooboboobob.bobo,00b0o0b0bob
goooboboboooooboo.oo,boboooooboobobo,0o0booboboob

goo,0oooboobooboob,0booboobobuooboon.

232 0OO0OO0O,0000000

00o0o0ooO0d0ooO0,00000000bO000O00bOo000O,0000bO000DO00O0OO
10,0000b o0DbOobobO. bbb oobUoobOo,o0obOobbo
oo, 1obgo,bgob0oboooboboobOoo sobOoboooDbo
o,00o00o00ooc0oboooo0oobo0obooo0boo,boobooboboooOobooo
o000 (Fig. @¥p). 0000000000000 OOODO,MATLAB O Image Processing
Toolbox (imagesegmenter) 1 O 0O. 00, 00000000000 0O0OOO0OOO0OOOO
oooD,00000000DO00b0000D (Fig.3e),J0000DOOOOOODOO
goooboooooooboooobooobooboboooDbo,bboboobooobboOobooDooo

00 (Fig. 23d).
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B
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Figure 21: DO00O0O0OO0OO0OO0O0ODO.@)0obOOooOo0oooOooboOobD.bOobobOoobooon.
@gH)ooboob,oboboobotbobobooooobobUbL.obobobooobUobo
goo,0bobobobobobob.
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he=2.50 (mm)
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n o
U
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n o
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f

TY
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(mm) Total absorption

Figure 22: 00000 (hp) OO0 OO0OO0OOO0OO0O:(@)0000000000,00000
gbobod,booobooobbooobboobb.bb,oobo,oobboobboo
oob1,144,149000.0,0,00000,00000D0,000D00O,DO00DOD
gbodgbuo.bgbboobboobbobboobooboboboo,oobooob,boo
gbooboo.@)obobooboboobobo.gobobooobo,ooboooooboo,0bo0oo
goobo.goooboboooobobo,bobobooooboboboooon
oooo0o0.Feg OO oooooooOd.
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Figure 23: 00 00 OO : Unimodal STW (Qi, = 0.6 cm?/s, Ve =122 cm?), () D000 00O
O0,b)0000D000000000000O, (c)00000000 (@UO0O0O0O0O,00

gooobob,@oooo,obobgobogooboooo,ebobooboboooo,mboob
oooboob,(gpoooooo.
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24 JOODOOOO

Oobo0o0d @ VeOoooooooboooboooooboobooo,o0o0bobooboo

gooooooo.

241 OO0DOOLOODOODODO

OO0000DOO000000 Qum,VooOOUOO,0000DOO00ODO0OODODOODOOOO,

Fig. L4a0 00O, 000000oa.

Unimodal STW Fig. 240, 000000000000 00O00O,00000D000D0OO
Ubooboo0oobooboobDooD (Fig. Ma). OO00OO0O,0000000000000DO
goooooo,0b0 -sSkpe/s0000000,00,00000000000D0000DO
goobooboooooob,Stwogboooooobob. oooboboooo,ooon
O0000O0O000ooooo @Ay STWOOOooo, 000000000 Fg B8a0d0

O.000,STWOUOOoOOooooDboDo Unimedal DODOODOODODO,0D0D000O

O Unimodal STW 0O O O . Unimodal STW 0O, Kanno and Ichihard (2008) 0 0 O O O Periodic
STWOOUOOOOO. 0ooodD,0000000oo, 0000 Quooooooog
oo0o,00b0o000o,STwoooooooooooooooooooooo,0n0o00ad

gooooooooobo.obobobobobooo,se3goooooo.

Small Fluctuation Unimodal STW 0000000000000 Qu, Ve 000 (Fig. D3,
x),STWODOODOODOOO, 000 Small fluctuation 00000 (Fig. D3b) O 0 O, Kanna
and Ichihara (2018) 00000 Non-STWOOOODODOO. 0000000000 O00OO

goooooobooooboboobos-10o0obOo,Stwoboobooboboob,bob

00000000000 (Kanno_andIchihard, 2018, Fig. 4).
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Disturbed STW Unimodal STW 0000000000 Q000 (Fig. 24,0)00,0 0
000 STWOOOOOOODOOO0OOD0,0000000000000000000000
(Fig. [3¢). 0000 STWOOOOOODOOOO, Fig. BAc 00 000 O, Unimodal STW O
000000000000000000000,0000000000, Disturbed STW O
00. Q00000000 (Fig. 04, 0) 00, Unimodal 000 O (Fig. 23d, t = 0 ~ 10,
45 ~ 85's) 0 Bimodal 0 000 (Fig. 23d, t = 10 ~ 45,85 ~ 100s) 000 STWO OO OO
0000000 (Fig. I8d). 0000000, Trimedal I 0000000000, 00,000
0000 Trimodal STW 0 OO (Fig. DRe). 000000000 Unimodal STW O OO OO
0000000000000000, Trimodal STW O Disturbed STW O OO O OOOODO
00. Disturbed STWOOODOOODO,At000000,STWOOOOOOOOOO (AR)

go0o0o00oo0o00 (Fig Bad, f).

Unimodal-HQ STW, n-Type cycle Disturbed STWO OO ODODOOOODOODO @5, 000
O0000,00 Unimodal STWOOODODO (Fig. 24,0 ,05e). 000000 OO0 O Unimodal-
HQSTWOODO.O00O,V. 00000, @i, O Disturbed STWO O OO DO OO (Fig. 24,0) 0O
O0,000000000000000000,STWOOOOoooDoooooooooooo
O00,"n""0000000000000000000000D0000 (Fig. 23f). 0000

U00O0O0b00d,nTypecycle OO, Unimodal STW O O OO OO.
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2 Jbob:0bobobobob
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Figure 24: @y, V. 000000000 O0OO0DODOOOODODO; x: Small fluctuation, O :
Unimodal STW, O : Disturbed STW, O : Disturbed (Trimodal) STW, O : Unimodal-HQ STW, O :

x10®

_7 VvV VvV
I Y ¥
A A O W R %
A O %
<A 0000
% 00
xR 000 0D
XX & O §<§<<>><> O
X X B8
‘xxg§060§
50 V[C:no?fi 150

n-Typecycle. 000, R, =1(0O00 §EA3)00.
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(a) Q, =06 (cm?/s), V_=98 (cm?)

(kPa)
o
é

0 10 20 30 40 50 60 70 80 90 100
(s)
(b) Q, =0.3 m?/s), V =4 (cm?)
T T

(kPa)
o

-1 I 1 1 1 1 1
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(s)
(c) Q, =07 (cm?/s), V =98 (cm?)

(kPa)
o
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o —
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(s)

(e) Q, =15 (em%/s), V =157 (cm?)
] T T T T

(kPa)
o

_'l | 1 1 1 1 1 | | 1
0 10 20 30 40 50 60 70 80 90 100
(s)
(f Q, =10 (em%/s), V_=4 (cm?)
T T
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o
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Figure 25: OO OO OOO. (a) Unimodal STW, (b) Small fluctuation, (c) Disturbed STW, (d)
Disturbed (Trimodal) STW, (e) Unimodal-HQ STW, (f) n-Type cycle.
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(@) Q. = 0.6cm3/s, V_=98 cm3 (b) Q. = 0.6cm3/s, V. =98 cm3
n c 2 n c

300
@ 200 g 1o
S, = P
(8]
O 100 % 05
0 0
0 5 10 0 5 10
At (s) At(s)
(©Q, = 0.7cm3/s, Vv =98 cm3 (dQ, = 0.7cm3/s, V =98 cm3
60 2
@ 40 g 1o
© 20 L 05
0 0
0 5 10 0 5 10
At (s) At(s)
() Q = 1.0cm3/s, Vv =98 cm3 MQ, = 1.0cm3/s, V =98 cm3
150 2
@ 100 g 1% .
E. éo 1 .
o 50 L 05
0 oL
0 5 10 0 5 10
At(s) At(s)

Figure 26: STWO OO (A DODO0O00,A¢t0D00D0ODODOODO (dP,)OO0O. (a,b)
Unimodal STW, (c, d) Disturbed STW, (e, f) Disturbed (Trimodal) STW.
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242 0OO0ODOO

gboobobooboobboob,obuoobbooboobog.
gobogo,0ogobooobooobooo,boobboobboobobono. o
gbobooooobooo,gobboooobogo,gboboooboboooooboboo
goob,0bgbobooobobo,bobobobo0ob0oobogb. Fg.BOOOO,000
oobooboboboooobD,000b00b0ob0o0ng (rateletall, T980), OO, 00000
gboo,00boboobobooooboboooboooboboobob. oobboobboo
gboooboo,boobboobooboobooobog,oobooboooboo,on
goo@o,ooo)obobobobobobobobobo.obobo,obob (@
Hyoooobooobobooo @oo)ooo,0boboboboboobooobooooob
g.gboooogo,boboboooobogo,0boooooboobobooooboobobob
goobobooo,booooboobob.0obooboboobooobobobooooob
gooobobo,0oboobobobooooob.ocoboobo,ooo0ooobOobob
go,0booobbbooooboboooo,obbooobobooobobooooobooboo

go,0b0ooooboooboo.

St woboooo,0oogogoobogobobootboo,0coooboboboboooo,bo
goobobobgoooooo, o000 @Wboboo,boboboooH)boob
gboo,bobbobbobbobbuobbob.oobo,boboobbobbaoboo
gbodgbdg,bugbbobbobbuobbobboobbobooboob.o0oboa,o
goooboboo,oogbob.ogboboooobobob,oboobobgobob
goooogooobo,obobobobooo,oo,0obobobobobobobob

goooo.ggobooo,ggoobooooboo,ooobbooobobooooboobo,

0000 Counter-current O O O (Wallis, T96Y9; Hewitf and Hall-Taylor, 1970) OO OO, 00
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gooooooooooo.boboboboboboobobooboboboo,obo-o

goooboob.0o0bob,000b0b0ob0oobobobobn (Co-current gas-liquid

flow)DOOOOOO0OO0O00O0000O00OO0O0O (Wallis, T969; Hewitt and Hall-Taylon, 1970,

Vergniolle and Jaupart, T986), 0 0, 000000 Counter-current 0 000000000 -

gboboobooob.oboobo,boobooboobooboobooboobg,bo
gbobooobooooboobbo. oo, oooboboooboooboboobboo
gbob.obooboooobooboboo,booboboboooboobobaono.oooon,
goo-0oboooboobo-boboooboooboobbooooboogo,Stwooooooo.
oo, 0b000obo0boooobbooooboooobooooboogn 150-200mm OO
ooo,bob0o0 eomm 00000000, 000-00000000000000O0
gboooboobooboaboo.

U00,Small fluctvation 000000000, 000000000DO0O00ODODO0OO,O
gboooboooboobo.boob,obooboobooobg,bobpbobobonboo
gbooooooob,0boobooboooboooo,bboobooboooboboo,oo

gbooobobooboobbooboobooooboboon.

243 0ODO00OOOODOOODO

gboooooooooooooooooooo,0bobogobooobogboobg.

ooobooboooboobo §E3mubgoooooboboooion Feg @,3000
gbooobboobodgbooa.

Unimodal STW O OO OO, 0000000O000000ODOO0O0OO0ODOO0OO0OD
ooobobg (kg . STWOOUODO,OObOobobooooooboobo,ooo

gboboo,0o0-00boboboobob.0obobooobooboboo,0boobo
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gobooboboboooogoboob.oob,bobobooboobob,0o0o0boobobob
goo,goooooooboobooboo.gbooooooob,oob0booboobooboo,b
gooboooboobobobobobooboooooo.obo,gStwogoooooo,o

gbogobooboobbooboooboo.

Small fluctvation 0000, 000000000000 0O0OO0O0O0ODOO,00000
goobobo,0o0b0ob0obob0ooo0obob Fig I®. DODODOOOOOODO
gbbodoobuooboboobbuooboboobbo.obooog,bboobbao
gobooboooboo,ooogbooboboooboooboobobobooo,obobobooo. b
gooobobooo,0oboboboooboooboobobooboo.oboboo,obobob

googooboob,obooboo,boooboobooobooobo.

Unimodal-HQ STW OO, 0000000000000 0O0O0OO0ODOODOOOO,000
gboobobooooboboboooboob,0bobobobobo Stwohooooooo
00 (Fig. @). O0,nTypecycle U0 000, 0000000000000,00000060
goboobobooooboobooooobob,0bobobboboboboObg (Fig. BO).

ooo,Stwoooogo,gbobogoobgobobobobon.

Disturbed STWO OO OO, 0000000000000 (Fig. BI). Unimodal STW O O
go,STwooooooooooooooo,obobobo-obobobobob.ob
O Unimodal STWO O OOODODODOUOOO, 0000000000000 0O00DOO0DODO
gooboooobo,oStwoobooboboboboboboobooooooooooo.
Trimodal STW O O, Unimodal D0 OO OO0D0,0000000000000000O (Fig. B2).
gboobobobobobobooooobobO Feg B2t =71s), 0000000000
gbooooboooobo StTwoO,guboooboooo,0oobooo Stwooooo

O000000 Bimodal O STWOUODOODOODOODODO.
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gbooboooooboob,0bobooooboboboo,ooboboboo,oon

gboobobooboooobooboboooob.bo,boboboooboboboboon

oooooooooobooo.
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24 00OO0OO0OOO
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Figure 27: 0O 0O0O0OD0OO0OO: Unimodal STWOUO: O0O0OO,00: 00000O00OODO
gboooo.bobo,boboobgo,ogbooooboob.obooobob,obo
googo,0goboooboooboo.ob,0booboobo-0boob,0b00ooo
goobgoogoo. Stwoooooo,0boobobogoooooboobo,booooon
gbooo-0boobooooooboog.

Q, =03 (cm3/s), V =75 (cm3)

Figure 28: 00 00000 OO : Small fluctuation. 0 0 00 Fig. 20 0O O
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Q, =15 (cm3/s), V=157 (cm3)

hf (mm)

70 75 80 85 90 95 100 105 110 115
(s)

Figure29: 000 OO0 D0 OO : Unimodal-HQ STW. 0 OO0 Fig. 2000

3 3
Qin =1.0 (cm fs)l, V.=4(cm )I

25 30 35 40 45 50 55 60 65 70
(s)

Figure 30: OO0 OO0 DOOODO: n-Typecycle. 00O (§243) 00 Fig. A0 00O
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Q, =07 (cm3/s), V=98 (cm3)
.I T T T T

hf (mm)

05

130 135 140 145 150 155 160 165 170 175
(s)

Figure31: 000 0OO0ODOOO: Disturbed STW. OO (§43) OO Fig. 20 00

3 3
Qin =10 (cm7/s), V_ = 98 (cm~)

05

30 35 40 45 50 55 60 65 70 75
(s)

Figure 32: 0O 00O 0O OO O : Disturbed (Trimodal) STW. O O (§43) 0 0 Fig. A0 00O
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244 0O0O0ODOOOOO

00000000000 0O,00000000000000O000DOO00oO0o0oDoOg,DOoon
goooo,do,bogooobog g3, bggooooooo,0ogooooooooo,
ooooob-obooooooboooo.

Unimodal STW O Small fluctuation OO0 OO0 0O, 00000000000000O,000
00o0obOooooog,Distuwbed STWO O, O OODOODOOOO0ODOOOOODOOODOO
O0.0000000DO00DOO0,b0O00000bO00bOoOO0ooOo0OobOobOobDOobDoOoD
O,Fig. BO0O0. Unimodal STWOOODOO,0DOODOODODOODOODODODO(@OD
O0H)oooooDo.ooO,Disturbed STWO, D00 O0OO0OO0OOOOOOOOODO.

gobooooooboobdobobouoog, bbb oDUobOo,obooO
00D00o00ooooooOoooo (Fig. 30,3, 00, 00000000,00000000
0000O0,0000000000000,0D000000000DO00D000O00DO0O000
O0.0000000b00o0booboooooboon.

0o0o00o00ooooobO0dbOOooOooo,00b00bo0ooo0DoooD,0D0b0o0oon
0000000000 Fg.B@O00O0.00,000000A000.000000,000
oooooooooo@oo)o,00000 Ap0000@oO0)0o0ooo0. o000
ooooo,00000000,00000000 A,000,000A,0000000,0
goobOobOOooOO0ooboobOooOOoO0O0o0obOdobOoobODOobOOoobOob.DoobO,0o0o0o
o0oo000o0ooooooo,00oo0obooooooooooooooooog.

goooooooooobooobo,bo0oboobo0bboobUoobooboboOobo
Fig. B3000. 0000, Uniodal STWUO O, 0000000000 DOOODOOO, Distubed

Stwoooooooboooooboobooo,oo0boobooobooboon.
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() Q, = 0.6(cm3/s)  (b) Q, = 0.7(cm3/s)

V. =122(cm3) V. = 098(cm3)
200 . 200
E E
E E
o 150} o 150
= =
n n
5 § 100 I
=2 100 =2 100
| B
= =
@ @
c 50 c 50
o] o]
8] 8]
8] 8]
= |-
0 0
0 200 400 0 200 400
Numbers of cycle Numbers of cycle

Figure 33: JOUOUOUOOOOOOOO. (a) Unimodal STW, (b) Disturbed STW. Unimodal
STWOOOoOOO,0o0oobooooooodoobooo@booo)yoooooo. ooo,
Disturbed STW O, 00000000 O0OOO0DOOODOOO.

Freguency

0 0.1 0.2
Liquid slug volocity (m/s)

Figure34: D00 0O0OO0O0ODOODOOO0.0D00O0O0OO0OOODOO,00bD0bobooooD
O0ooO00.00,0000000000000 A;000.0000000000000
O (Unimodal STW, Disturbed STW O O )OO0 OO00O00O0O00O0O00O0,A, 00000000
gooo.boboboboboboboo,0booooboooooooboboooo.
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(a) (b)
1 . .
08 |
T 06
E
=04
02|
0 - - 0 - -
0 2 4 6 0 1 2 3

Freguency «10% Freguency «10%

Figure 35: 000000000000 (hy) O0O. (a) Unimodal STW, (b) Disturbed STW. [0 [

goooobooGgooo,b0bobobooboobobo,coboboboboooboobon
0.
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245 0OO00OOOODOOODO

Figd0OOooOoooooooooooboooooboooobo,cobobobogoobooo

gbooboboo,o0,0b0boobooobobooog.

StTwOooOOooooooooooogo StwoOOoDooooooobo,bboooooooo

U 0, Kanno and Ichihara PO0IR) D000, 000000000000000. OO, Kannd
andIchihara POIR) OO0 D00 KEq. U0 0OO0DOO0O0O,0D000000.00000000,
U0000DO0OD Elastic capacitance (Eq. (I3)) 0, 0000000000000 (Eq. (I4)),
gbobooobooobbooobbooobbooobboobboooboboOon (Fig.
B). OO0, 0000000000000 U0bO0OUbOU00OULOUDg (Fig. BAa), 0D ODO

gboogooboooo.

00000000 Elastic capacitance ] 00000, 0000000000000000
000,00000000000000000,0000000000000000000
0 (KEq. (1), Fig. BAa). 00000000 p0,0000000000000 Q,O0O00O0O

goooooboooobD Qu,Ooo0boo00oboobo0ooDoogDb,pobboOoOon,

dpip()

a - vc(Qin_Qoz), (13)

O0000.000 R,O0O0ODODODODO,YV,00000000000.00,0000000
000000000000+ 000000000000,Qe=arc>ul0000.000,
0000000 0000000000 r0000,e0000000000000000
0000000, a=r%/d%
0000000000000000,00000000000,00 «00000000
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goooooooogooooooon,

p=—75-Qa+pvglL, (14)
Tarox

obo0o.0b0o,Lopoodbo,us, pyd0dboboobooboooooooonoonog.

oboooooooobo wp)OO,0000 (OO0, 000000 LgOODOO

g, ggboooooobobgd:

L
L
py = L = (16)

ogod,pd pO00000O00O000O,I',000000C000000C0O0,000000
ooooboog (KEq. (7). 000, 0000000,0000000,0000000006D0

ooooo. Lggboboob,00boobooobooooooo,0oooogoooog:

dL. 1—aH, | —a*w (¢<Hy),

dt a dt

a7
—Lay, (r = Hy).

[0}

Udb0,»0000000000 w<0),z000000000,H, 0000000000
g, 0bgobobuooobooobboaobo.obbuoobobooobboobboo
(r<Hy), L,O0OOOD0O0O0OOO0O0,000000000000000 (x= Hy),dLs/dtO
o0 mOooog,L,obogoooon.

Egs. @), (M) 0O ,Eqs. M, @ 0000000, 000000000,000000000
gooobobobooboobobobooboboobo.ooooboboooDobobo, s

googoooboo.
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Kanno_and Ichihara (P0IR) O 0O, Eqs. () - (M) 00000000000 0OOODO. OO0
Og,STWO OO, Small flucwation 0 00000000, 000000000000000
ooo,bo00oo0bgoooobobooobooboobo,booboboobobooob
goobobooboooboobobooooboboboobooob.bobDg,boooob

gooooo.

r=H,00000,0000000000O0000DO000,Q,,000000,00O0
gooobooboogooo,bobo,boboboobobooobo0 @Wobooboo)oobooob
ooogo (Bq. (M) OO,V OOOobOooOo,00b0boboooooooboboon,
oobobOoobooboooooboo,boobbo0booooboOobobog (Bq. (M@)). Qi x Ve
gboobboo,gobuobboobbooboobbooboobooobooboo
gooboooobogooboob. bbob,bobbobooboobgooboboo,oboob
gboobobooboooooboboooooboob.booo,00obo0oboboobooob
00.00000,@,000000000000000O000DODOO0O0O000DOOO0O,V,

gbooboobobbobooboobooboobooboooboobboboonDgn

Oo000o0o0000000. 00,0000 R,000 (Kanno-and Ichihard (2018), Model

comparisons, (/Q}, 00 0):
B QuwOO000DO00O00O0000oO0o0o0oo
P OoDVvV,000D0000000000000000000000°

(18)

R,=100000 Small fluctuation 0 Unimodal STW O OO OO 0O (Fig. 24, 0 0O), Kanna
andIchinara POIR) 00 0000000000000 0O0OC0O00O0.00,R,<100,00
0ddodoOooooooooo,00dd0000oooooooooooo,00oa

00o0000000000000000.00,000 R,>10000000,Q@;,,000
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ooooooooooboon.

Unimodal STWO O OOO 0O0O0O0OCOOO0OOOODOCOOOO, Unimodal STWDO OO
U000000. Unimedal STWODOUODOODOODO,STWOOOOOOOODOOOOOOD
0000000 (Fig. . 0000, 0000000000000000C000 (At 0O,
goboobogooodob,ooooboobooboobooobobooobo,boobobooob

(At,)0O0O0DOD0O, At <At, 000000 (Fig. 22, Fig. BZa).

000000000,0000000000000,000000000000000
0000000,0000000000,0000 (Fig. 0. 000,000000000
0000000,0000000 (@O00000)0000,0000000000.000,
Unimodal STWO O OO OOOOO,R, 0000 (00 R,>1000)00,000000
000000000000 (Fig. 08, 00). Fig. MO0000,0000000000000
00000000000000.000000000000000000000, Kamnoand
Ichihara (POIR) D000 00000000. 000000000000000,00000
00 h;0,00000000000000 (Fig. B4). Fig. BRO, Ve = 122 cm?, Qi, = 0.6
em3/s 00 Unimodal STWO OO OOOOOOOOOOOOOO0OOO0O. 0000000
(t<2155,000000000000000 (@ 003ms)00000000,00000
00000000000,00000000000000,000000 018m/s0000
00000000.0000,00000000000000,0000000000000
0(0005m/s5)00000000,FigBBO00O00,0000000 hy0000 hy00

gbooobodabooobooboboob,obbooboooboob,obooan.

Unimodal STWO OO OO, 00000 A, 000000000000 (Fig. B3a), 00O

gbooboobooboboobooboob,boobooboobooboboobo (Fg.
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B3). gbooooooobooooobo,oboobooooboobooboobooobon,

oboboooboobobooo,StwhoobobooobOooDboo, Kanno and Ichihard

IRy (Fig. 9)yoooooooooooobooo.

oooooodo,RrR, 0000 R,01000000),000000000000000

0000000 Qi (<0.5-0.6cm?/s) 0, Unimodal STWO OO OO OOODODO.

0Q,.0000 At 0OAt, 00000,Q,=05-07ecm*s000,000000000
(Fig. 13). OODOO0O0OOOOODOOO0ODOOOOO0OOODOOODOOOODO,O00, Qi

00000000 At,0 At, 000D0DODO.

QumI0D00000,At,,0000000000,Q,>05em?s000000 At,00

0000 (Fig. B9). 00D 00000000,00000000000000 Qn—hy;000

0,000000000000 (KannoandlIchihard, POIR) OO0 0 O00O0O0OO.

oo0o000000ooooob0000,,O0000000C000,00000000000
Oooooo,0000000 A,000000 (Feg.BHOO0O0,000000000000
O0D0000D000000D000 (Fig. 8. Qi > 07ecm*s 0000000000000
ooooooogn (Fig. B0). OO0OOD0ODO,Fe. B0, 000000000 0.1lm/sODO
O0oo0o0ooo0ooo A, 0000000000000000.00,hAf=0.4-0.6

mmO00,00000000 u=01m/s0 Qy=11~14cm®s0000000.

Kanno_andIchihara (PZ00I8) OO0, 000000,0000 L; 0000000000000
goo,gooooooobooboogo,boboboobooooobobob.bobo,b

OOoo00o0o0o0oo0o0do0ooo0ooooooobooooooooooooooa,A000

0000000000000000 00 (Kannoand Ichikara (7018), KEq. 23). 00000,

Kanno-and Ichihard POIR) OO0 000000, A, 000000, 000000000000
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000,At,000000.00000,000000@,,000000000000B0O0O
D(h},Fig.E[D)DD t, 00000 Fig. By 0oooogo.

ooooooog (At 0,0000000O0000OO00O0oDOoOoOOoDoOoDOOd
ooooo.Q,OOoOoOooooooooooooOoOODDODODOOOOOOOOO, At O

ugbooooobgad.

Unimodal- HQ STWO OO OO Unimodal-HQ STWO O ODOOO,STWOOOODOOOO
00000000000000,STWOOOO At, 0000000 (Fig. 29, Fig. Bb).

000,Q,0000000,0000000000000,At, 0000000000,
At, 0 Qm>05cm¥s 0000000000000 (Fig. B9).

00,Fe. BA0000,000000000001m/s0000000,00000000
00000,000000000000000.000,0000000000,00000
0000000,000000000000000,0000000000000.0000,
0STWOODOOOOOOODOOOO0O0O0O0O00,000000000000000000.

0000000,R,0000000,STWOOOOOO0000,Q,00000000
0,00000000000000,At, <A 00000000000 Qin (> 0.5cmd/s)

0 Unimodal-HQ STW O OO UODOODOODODO.

Disturbed STWO O OO 0O0O00O0OO0OO0OO0O,00000000000D00O0O0ODODO
gbooooo,booboooboobbobobob.oobo,bbobbobbobbonboo
gboogooobooboo,boobboobooooboobon.
000000,Q,000000000,000 A+.000000000, Qin~ 0.7cm?/s
OO000,At,. 0STWOODOOOODOOOO (Fig. B9). 00000 Qi 0000, Disturbed

STwioooooDoood.
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Disturbed STWUO O, 00000000000000D00O0D0O0O0O0OO0O (Fig. B3b). O
gboboboooooboooooboobob @o,bobobobo)b,oo0 Stwoooo
goooooooogoooooooobooboboobobgo,obobobobobobob
oooboboDbg (Fg B1,82). 00O, Fig. B33b 0000, Unimodal STWO OO OO OO,
h,00000000000,00000 A, 000000.000,Fg. B40000000
o0,0000000000000000,00000 ApO000000O0O000O0.00
0,000000 Qi (> 1.4 cm3/s, Unimodal-HQ STW) OO, 0 0000000000000
g, 00b0booboooboobobo,goboooboboooobg (Rig. o). 0DOODOO,
Disturbed STW OO, 0000000000CO0O0OOOOO, At,,At, 0O0O0O00ODOO

gbo,gb0oobboobuoobobooboobooooboan.

00, Disturbed STWO OO, R, 0000000000000 Trimodal STW O OO OO
O0O0DO0O0DO. Trimodal STW O O, Unimodal D OO OO, Bimodal DO OO0 OOD OO
O0O000.00,Unimodal 0 OO0 OO Uni-T,Bimodal OO OO Bi-TOOOOO. OODO
O,Uni-TOO0O,000000,0000000000000000,At,~At,000.0
0000 Unimodal-HQ STW O ODO. 00, Uni-TOOODO STWOOOO AtO00000O. O
O0,Bi-TODDOD STWOOODO Aty, Aty (At < At<At,) 000.0000000000

003000000, Aty, At, Aty (Fig.CBe) 0000000,

Uni-TOO Bi-TUOOOOOO,00b000bo0obooboobooo,0boobbab
gbboboodgoboooobo,bbgoobbooobbooobooobo,boabobbao
gooooooooo,0boooooooooooon (Fig B2, 69 s, Fig. B1a, b). O 00O
O0STWOOOO,Ah <At000. A4 00000000,0000000000000
goobodoboo,ooboooboogb.obbo,0booobboobboob,oo

gooooboooooob,0b0ob0b0ob0obuob0obuobUbUOoDng (Fig. Bt =11s,
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glb). DO0oOOooobo,0bobooboooobooo,bobob0obobobobooooon
0000D0.00000STWOO000 At,>At000.000000000000000
oooo,000o0oooOo0coo00ooooooO,0000oooooobooo, Ay 0000

googooboooo.

Bi-TOUUO Uni-TUOOUOOOOO,0000,000000000000000000A0
U00DbODbOD (Fig. B2, t=55~56s,Blc), DODO0OO0OO00OODOODOODOOOOODO
00000000,Uni-TO000000. 000 Trimodal STW O Uni-T (At) O Bi-T (Atq,
At)DOO000O0000OO0O.Bi-TOO, A4 00000 STWOOOODOOOO,000000
o0o000000000oooooo.o0o0,Rr,0000000000,0000000
OO00o000O0,0000000000O00DbOO00DO00oO00oOOODOODD. Ay O
oo Stwoooooooooooo,Bi-Tooooooooooo,cgbooboogoogoo

Trimodal O OO OOOOODO.

Trimodal ST WO OO OO R, 0000000,00000000000000,00 Aty
gooboo STwoobooooooobooob.boo,bgobboobooob,o

oboob,0000b0b0000 (Fig. BBb)ODOO0O,000000000D00 Disturbed

STWOUODOUODOUOOOO. Kannoand Ichihara POI8) OO, 000 000000O00ODOODOO

obo0o,0b000goooog,Disturbed STWOOOODOOODODODODODODODO, 0000

0000000 (Kannoand Ichihard (201R), Fig. 9d).

0000, Disturbed STWOOOODO, @1, 0,V 00000000000000000O
gbo,0bo0oobbobooobobooobobooobbobooo,opbobooooboo
go,0o0,00b0o0bbobooboobobo @b, boobooooboo)yoooboooo
uboooobooobooboooboaoboo.

O00,R,<1000 (Fig. @3, 00000)0000,@,,0000000000000
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oo.

Small fluctuation D 0000 Smallfluctuation 0 00, 000000000000 OC0O0O0O
0000 (At,) 0, 000000000000,00000000000000000000
0000000000 (Atp) 000000, At, < At, 000 (Fig. PR, Fig. Bdc). 000 O
0O At, 000,00000000,0000.000,00000000000000000
00.0000000000000000,00000000000@OO00DOO0)DO0OO
0o00,00000000,R,000000,000000000000000,0000A0
00.0000000,000000000000000,000D00000D00000O000O
0000000000000 0,000000000000 (e.g., Fig. 2R, t=176s00),0
00000000000 ooooooooooo0,00oo00oooooooooog
(eg.Fig. I, t=177s00). 00000, 000000000000, 000000000
O0,000000000000000000000000000000000O,000-00
00000000,0000000000000,00000 Small fluctuation 0 0O 0.
0000000, Small fluctuation D, R, 0000,00,At, <At, 000000 Qi O

goog.

n-Typecycle 00000 R, 0000000,Q,0000,At, <A, 0000000,
n-Typecycle D O 0O OO 00O (Fig. BZd).
oooboooooo,0bob00oo0b0ob,000b0ob0O (Fig. BO). Eq OO0
U,Fig BOOOOOOOOOOO (Qin:1.Ocm3/s,LS:5mm,a:2.5mm,p:1400kg/m3)
gooo,0000o,0gogobooogbo,b0bdonbgd 03kPa,0.07kPa000. OO O, Fig. BO
00oo0obooboobooooooo.booo, oo obooobooooooog,

gbooooboobooboboobo,booboobboobooboooboooboo
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gbooooooooooooooo.

Ub0,Feg BO0OO0O0O,0000000000,00D0000000DODO,000
gboo-obobooooooobobgoobooo,Stwhoooooobobooooooo
gboobo.ooo,v.boboooobo,0boboboobouobobnonboon (Eq @),
O0000o0ooooooooooooooooooon A, 0000 (Fig. EHOO,00
gboooobooboobboooboo.

OO0,nTypecycle 00000, At, <At, 00000,0000000000,0000
ugbooobooobooobooo.oobo,booboooboooo,0bobobobobboboboo
gooono.

000o000o0o00000,R,0000,00,At.>At, 00000000000 Qin

(>05cm’s)00,"n"00000000000000,nTypecycleDDODDO0O.
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Qin Qin

Figure36: 00 U00O0OUO0O. Hy: 0000000,z 00000000,w. O0OO0ODOO
O,w. 000000000, DO0O0C0O,-00000D,L:00000,L;:0000O
O,ua: 0000, w0000,z 00000000D,L: 000000000
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Small R, Large

(d) A n-Type cycle (b) V Unimodal-HQ STW

(C) X Small fluctuation

segensemensemen
' | ' '

Aty > At,

Figure 37: DOO0OODOOOOO. (a) Unimodal STW, (b) Unimodal-HQ STW, (c) Small
fluctuation, (d) n-Type cycle. R, 0000000000000 O0O0O0O0, 000000
Elastic capacitance 1 00 000000000000, QmxV.00000. R, 000000

O, STwWooooo. At, 000000000, At, 0000000OCO00O0DOODOOOd
gooogno.
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Ve=122(cm3), Qin=0.6(cm?/s)

1F . | _
= (a) ]
0 |
T I I : L I I _
0.2 , | | | | |
(b)
EOTE / — | |
0 —_—i :—_—_—_'_—_—_—::;:—_—____I_ - = I I
0.2 , | | | | |
» |©
E 0.1 r |
0 [ 1 . ; ; : |
19 19.5 20 205 21 215 22 225

Time (s)

Figure 38: Unimodal STW O OO OOOODOODOUODO (@UOO000O00ODO,(OOO0OOODO
oob0d,cb00boob.bo0bgt=215s0000000000,00000008O0
G,0HoooobooooooooooooooobL,bobo. bbb ob oD,
gooooooo @)oo, 0bobooboooboo,obooooooooo.

30
O
+  Slug reconstruction (A t)
o5 | O STW reccurence (A t)
20
@
S5t
o +
E B
_|_
10 | é O
O
+ 8 8
5 +¢ ! Q g 5 *
:’: g @ s
+ F
0 1 i
0 05 1 1.5
Qin (cms/s}

Figure 39: OO0 ODOOODOODO STWOOO. o: STWOOO (AY),+: 000OD0ODODOO
O (At,)
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o -
o - N

o o
(NS
.

Average Film thickness (mm)
o
[#)]

o

05 1 1.5 2
Qin (m3/s) <108

o

Figure 40: D0 DDO0OOOO0O000 @mODODO, 000000000D00O0000000
ooooo (hpooooooo.

@) Mni-N, Bi-T v Uni-T |
\ FN \

0
130 135 140 145 150 155 160 165 170

( C) . 2018/05/02-151759 Ve=122(cm?), Qin=8.66e-07
F T T T T T T T 3
o
< L W
ab | | | | | | | J
02 T T T T T T T
R — p > AT
Eaf—u —~ ] T el / 5
e 7/ /\vi'// ’ p y
o V= e 7 \ 7
405 410 415 420 425 430 435 440 445

Figure 41: Trimodal STW O OO DOOOOOOO (a) Trimodal STW OO OODODOOODOOO
O0,M)Uni-TOO Bi-TOOOO,(c)Bi-TODO Uni-TOOOO
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25 OO

251 ODOOOOOOOOOOO

Kanno and Ichihard POIR) O, 00 LPOODOODOODOODOOOOOO, 000000000
O00000 Lumped parametermodel D OO0 0O 0. OO0O0, 0000000000000
gooboogoooo.go,ob0rpobobgoboboooboboob. 0bo,0o0ob
gooboooOoooOooboOoooOoob,0b0o00oboobobo00oDoOoboboUOoOoDoo

goo.

00000000 LPODOOOOOOOOOOO0 0000000 (223 0,00LPO0
0000000 X3 000000000000000. 0000,000000000
0000000000000000000000000000000000000000
0000000000,0000000000000000000000000.0000,
000,00 (@00)00000000000@O0)00000000000000000
ooooo (P, P)O000.00000000000000,00 @O00)000000
00000000,00000 Qu,Q.O000.00,00000000@0)000 (@
00)0000000000000000000000
000000000000000000000,00LPO000O0O0O0OOO0O0O00O0
00 (Bgs. @), ®) 000000000 (Fig. @). 0000,00000000000000,
00000000000000000000000000.00000000000000,
00000000000,000000000000000000.00,00000000
0000000000,000000000000000000000.
00000000,0000000000000,"00000000000000"00

O0oboOg,000b000l Lumpedparameter U D DO OO0, 0000000000, O
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goo@uoboo)obobobobobobob Fg ™). DODLDODOOLOOD LPOOD

Fig B3)) OO0, 0000DO0DODODODO.

SCTANO00O0,000000 (Barmin_etall, 2002, Nakanishi and Koyaguchi, 2008) [ , [J

gboooooooooooooooogooobooobooobg,obobobobobobob
goboooboooboboobobooobobo.bboo,0booobboobboo
g, 00obogoobobooboo,boobobooo,oobob@boobb)oboob @

gooo)o,booboobbooboobbooboobobooboobobooobon.

gboboboooboboboooobo obobobooboooboboboobobo

oobbooobooobooboboooboOoobb. 000000 Kannoand Ichihard (POIR)
gbobooboooooboo,booobobooobbooobbog,oo0bobobooooboo
gbobooobooooboobboooboboobob. oo, booobobooboboo

gboooooo,0000o0ooooooooooog (Fig. 23).

0000000000000,8430000,R,000.0000000000000
0000000000,0000000000000000,1072-1020000000.0
0 O, Barmin-etall (2002) 0 O O O St. Helens 1980-1986 0 0 00000000000 ODO0O
00000000000000000000000 @000 7200m 0000 9m, 00
2500kg/m3, 000000000000000000 6.4x10%6.4x10"Pas, 000000
000000 1085, 0000000000 3x109Pa, 0000000 0.56 km3, Qi, =1
ms)000000,0000000000010°00000000.0000000000
0000,R,=10"1-10'00000,00000000000000000000000

ogoo.
goboobooobooboooobooboobo.booboobobobooboon,o
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gooboboobooooboobo,boboboboobobobob.0oboboooob
ggbooboooboo,oboboobogboobob o3, booboo70boboO,bOD
010'-10°000000000000.000,000000000,00000 0300
070000000,0000 1000000000000 (Maderefall,2013). 00000
00000,00000000000000000,10°00000,0000000000

gboooooboobooooboooo.

gboobogooooooboboboooobobo.obobobbooboboobooon
gobooboobo,0obooobobobo,00boboboboboooboobo.obobob

10'—-103000000000,000000000000 10'—-10°000000.

000000000000000000000000000000000.00000
00000,0000000000000,0000000000000,00000000
00 (@000 03)00000 (MO000 070000000000 (Barminetal, POY).
0000 10000000,0000000000000.0000000,000000,
00000000000000,000000000000000000.0000,000
0000000000000000,000000000000000000000000
00000000.0000000000 10°2-10"100000,0000000000

g, 0gbogobbooboobboobooboboon.

0000000000,00000000000000000000000000000
000.0000000000 Barminefall @007) 00000000 St. Helens (1980-1986)
000000000000000,00000000000,0000 7200m, 0000 10
m, 00 2500kg/m3, 00 0000000000000000 10410°Pas, 0000000
00000 108s, 000000 3 x 101° Pa, Viy = 0.01 - 0.24 km 3, Qinm = 0.1 — 2.4m3/s

O00b00b0ODbODODgon. St Helens (1980-1986) DO D OO ODODOODOO,000
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g30o0oooo,wbh1oooooo.gboooooooboobooboob,0o0ooon

(Nakanishi and Koyaguchi, POOR) OO0 OO0 D0DO0OO0O0O0O,Fg (3000, 00000000

gbooooooooooooooooooooooboooDog.

gbobooobo,oobooobooobbooboboobobooo,boobooboobooboo

booobooobooobooob.obobo,oobooobooog,boboboboboboo

gbooooo,bbobobogbooobobooood.

ugbooobooooobooooobo booobobooob,bboooboboooboobog,o

uboboooboooooboboobboooboobo. oo, oo0booobobooboboo

gbbooobooobboobboo,0bboooboboobobooob.ooboboo

ugboaboboobuooboobn.

gobobooooboboboboboooo,0bobobobobooooobobo

00000000, 000000 (Barmin_efall, 2002; Nakanishi and Koyaguchi, P200X) O , O

gooooobooooo,0boo ¢yyooo,0bb (wpyoooobooboobooobooo
U000 (ue, 1 <po). 00O,00000000000000DOO00.0000,00000
gooooboo,0oooboobooogbo oo obo,00b0obobooogoobon
g.bgbbobboboo,oobuooboobooobooboobooo,bbobobo
gbobooboboobuoobboobuoboobboob,oboobboobooboo
gbo.bboo,booobobodbb,oobboobbooobboobboobb,o
gooobooobobo,0coboboboobooobooboboboo.bo,b0b0obob
gooobobobooooboob,booboboob.0obobobooo,boboob
gboboooobobobooobobuoboo,obobobobooboboo,0boobo

goboooob.obo,0b0bod0b,0oobbooobooobboobboo,boo
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gooo,0ooooboobobooboobooobooboobob,0bob@uobooono)b
goo,0000o0gooboobogobooobogobobobobobobobobobobobob

U000 (Keq. 11). OO, 0000000000000000000O.

uboobooobobobobooboo.oobooboooo,ogboooobonooo
g, gbgboboboboboooobobobobobuobooobobobobob.o
gooooooooooo,0boboobobobobobobobo,obobobob
gbooboooboobo,boboobobooboboobooboobooboboob
gooobo,obooooobob.oobo,0o0b00boobobooooboobobob
oooboooooo,0bboooboooobooobogd, Small fluctuation OO0 O,
(@0 GLOUOOODOOOODOO,0Db0O0OO00ODUODO,D000D,b0DbODObO0ODO

gboooobooboooboobbooboooboo.,

gb,gboggboggo,bobobbooboob,gbodgbooboobooo,boo
gooooooooooooooooooooooobo.obobOobD,Feg a0 O00O0
00000 Qi O0,Unimodal-HQSTW O O OOOODO. OODO, 00000000000
ooobgoooob,oboooboobooobooboo,bobooboboobOoboon
goboobooobo.boob,0booboobooboobuooboobooboon,o
gboboooobobooboboboobobobooboobobooboboboobo

oo.

OO00D0oO00D, 000000000000 @i-VeOuoooo,0bb0oob-0o0
gooobo.obgbobooobooobo,bobooooboobo,oboooboobobob
oooobobobgo.oboobooooo,gboooooob,oooboooboo,0onooon

O00000o0o0oo0o0000000oooo0,000000000000000,R,010

O000oo,0000000 (§45). 000000 (Nakanishi and Koyaguchi, P2008) O R,
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01-300000000 Fg. 8s00,00,00000000,000000000000
oooOo-0000000ooDooOooOO0OoooOnw—-VeOooo.oooooo,STWOooo
go,000o00bogobob,bobobooooooooooo,bobobobobob
g.0gboboobbobooboob,obooboobooboobuooboo,opobo
gboboooboo.bbooobooo,booobbooobooobboobboo
go,0o0o0b0boobooobo,booboobobobo.ob,booboooboo,boboo
gboobooooo,bboboooboboooboboooboboog,ooboboobooooooboon
uboobooo,gpobooboobbobboob.0obooboobuooboooboon,o
uboobooobooobooooboo,bobobooboobb.0oboobooo,0bbobobo
gbooobooboobb,bbobobuodgboobbooboobobooobooboo
g, ggbouoobboobagboon.
goo,00bogbobobooboooboooboobobobooo,obobobobooon
gooobobobooooobooboob,oboobooboboboo.boo,obobob
obobobgoooobgooooboo,bobooo,oboboobobooboboob
goobooooobo,bogobbogoobobooob,bbooobobbooooboboo
gboooboooboob,0bobboboobooboobo.booboobobo @o
ooooO)DO,Unimedal OO DOODOOOODODODOOODOODOO,0D0D0ODOODO
gbooooooooboooo. goboboo,ooobooboo,oobooboooooboooooon,
ugboooboooboooboooo,0bobbobobobbobob.obooobo,0bboboboo

booobobooboobboobooboooooboon.
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Figure 42: OO0 O00O0OOO0O0OOO LPOOODOOO:*0O0O0DOODOO.
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25 OO 2 OD0oOO0O:0000000D000

|da model

i

Maeda model

QinM QinM QinM

Figure43: 00 00O0O. (0 0000O0:0000000000DO,00000000 DO
gooo,0000,000 w00 we 0O00O0D0ODOODODOO.000000000,0
00dbooooooooog (LyOooOOooooOOo0 (Barmin_etall, 2002, Nakanishi_and
Koyaguchi, POOR). (b)) 0000000 000000O0DOOOOOOODOOOODOO,000
000DOo00Dooonooooooooon (da,996). (c)00DO00O000OO0: 0000000
00000 Total dissolved volatile content D 0 O 0 0O 0O OO O (Wylie, T999).
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25 OO 2 Jbob:0bobobobob

2.5

~ ..
05+ "‘.__. ~ . -

0 0.5 1 1.5 2 2.5
v, m3) 108

Figure 45: OO OO0DOOOO0ODOOO: 00000000 @QunmbOO0,00000000000
ooo,000000000O0C0CDO000.0000000 Que-vmOOOOOOOD,O
gboooooboobooobo,0bbobboobooboboobooobobooooboooobooo
go,0o0obboo,0obooboobobuoobooboob.obo,bo,bobobo
Oo0,R,0 1,2,3000000000.
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252 0OO0OOOODOOOOOOOOOOD

goooooog,00o0o00boobooboooobob0obobobob (Fig B26).

gooo,0bobooboboobobooboboob,bobooboboooa,
gboboooboooboboobboooboo,obbooobobooobobooo.boo
gboobooobooo,oobobgoobob,0booo-o0oboboobboooboooboo
goobo. ogoboboooobo,obobobooooboboo,bgooooobooo
gbooboboo,booboobobooboodgbooboboobooobooooboooooboo.
gboobobooboobboobuooboobboobo,obooboboobobooboo

gbooo,gobooobboobooboob,oboobboo,obbooboooboo

00 (Patrick et all, PO0T; Giirioli et all, X014; Del Bello et all, P01S; Capponi ef all, P0TA). 0 0,
0000000,00020110000000,00000000000000000000
000000000000,000000000000000,0000000000,00
0000000000000 0 (Wasuietall, 2OT3; Mujin efall, 2017). 0000000000
000000000000,00000000000,000000000,0000000

gboogooobooboobbooboobo.

gb,0b0ooboooobogoo,bboobooboobooobo,boooboooo,boo

gboobooboooboooo,bbobbobbobbobooboo.bo,boboo

Ub0obDooooboooobooD,0b000bob0oobOn. Melnik and Sparks (Z005)

O Kozono and Koyaguchi 2012) OO0, 0000000000000 O0OO0O,000000

OUoDOo00DoooooOlD. Masonetall OOO) DO O OOO00O0OO, 0000000
g,joooboobgobooooboobobobooobob.booobobobooboob
gbobooobOobo,0b0o0boboobob0obooob0obobOnUO (Dobrad, 1997 Costd

erall,2009). OO0DOUODOODOOOOODOO,0Db0000D00ODO,DO0D0O00DOODODOD
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25 OO 2 Jbob:0bobobobob

gbooobogooooobgoo,oboboboo,boboboobobboobobooboboon

ooooooo.

goboobooobbooooboo,o0obbooobboboooobbooooboboon
googooo,0boobdoobboboboobooboboobooboboobooobooo
oobooboobooooooobob gy cgoobooogoooob,0booboooboo
boooooboobooobbo,bobboobooboboobooobobooooboooobooo
gboobooboobooboobob,oboobobobobooobooooboooooboo.
gbobooooboboboobobobooob,boboboobobo,gbooaoo
U0 (Fig.8.8). 00DbO0o0ooooogboboooooooooboboo,obgobob
gboo,bgobbbodg,obbbooobbuooobbooobbbooobban
000000000000 (Gurioliefall, 2014; Miwa et all, P013). 000 000000DO0O,
oogbooboboobooooobogoboooboobooboooboooobooob,0bo0,b0b0ob0D
gbobooooobo,obooooboboboobobobooboboo,0boobo
gbooboooboobooboobobobboboboobooboobo.bbooboo
gboboobooo,0o0-booboooboooboobobo,obbooboboooboo
O0000000000odnboUdn Unimodal DO DO ODOODOODO (Voight ef all, T998; Barmir
efall,2007). DOOOD0OO0O0O0OODODOODOOOOODOODO,0D0bO0DO0O0O00O0OD
ubo,oboooooobooboboboobobobooboboboobobobooooba,o
g-0bobobob, 0000000000000 00o0o0oo00o000dn Unimodal OO

gbooboboobuoobboobuooboooboan.

gbobog,booooobooboobooo,0oobobooooboboboon,o
gooboooboooobobooobooobb.0obbooobbo,obbooboboo

goooooo,ooobooboo,boobo,booboobbooboobooboo
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g,0000o00oobooboobobobobobon.
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3 DOOoOo:00od

3 DOgo:-000n

gooboooo,seOoo0oobooooooobooooboboob.bobo,boobooob

gbooobooboobo,bbooboobboobooboboooog.

gboogboooobo,00208z000000000000D00DOO@M@O,00)0
oooob.oobgob,ooo0oobog,0bo0ooooboobobooooboobOobob
goobooooob,bboo0obboogobobooobobooooboobo,bobooobboo
gbooboobooboo.oo,goboobooboobgoobo,bobboboo
gboogoboooo,goobboooboooobooooboo,bboobboo,bogn

gbooopobooboobboobuoobboobobooobooo.

gbogb,bobobouoooobooboboo,bobobobooooo,obnobooo
gbooobooobooboobooboboobbobboobooboob.obooboo
gbbod,buouooboooboogbo,obbooobooo.gg,buoobbao
gooboobobobobobo,sagjoooooooooboboboobo,opoob

oooooooo.

31 J0o0pooon

o0,y o,00b0000ooooboobob0obob0,0d CavitydDODODODO
gob,0b00obooboogobogoboobooobo,bbogboobooobooobooooboob
goo.00,s60200,00000000000000000000D00DO0DODODO
goooo.oo,sg23dogbobgoboobob,bobobobobobobobob

goooooo,sg3ngoooogooboobobooboooboobooboobobooo.
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311 ODO00OO0O0D0OO0OOO0Cavity U OOODOOOoOOOD

Vidaletall PZO06) 00,0000 Cavity OO D OO0 O000O0O,CavityOOODOOOOODO

gbbooobooobboab. bbb, oobbuoobobooobbooboboo

00000000000 (Chaouet et all, 1974; Blackhurn_etall, T976; Vergniolle and Brandeis,

m9s) J000000000000000000000000 (Vidaletall, POT0; Gerst e all,
POM3). 00000000,000000000000000, CavityJODOODO,0000,
0000000000000.000,000,0000000000000000,000
00 Cavity 00O OOOOO0O0COO,000000000000000.0000,0000
000000000000000000000,0000000000000000000
0000000000000 00 (Vidalerall, POT0). Saachezeiall (P014) 00, 00000
0000, Elasicmembrane 1 0 0000000000000 O000.0000,0000
0000000000000000000.00,000000000000,000000
00000 (@O00000 24kPa00)00,00000000000000000000

gboooobooaboobgad.

gbobooobo,0oobooobooobbooboboobobobobooo,booboboboo
O00000. Iamesefall Z002) 00, 000000000000 O000O00O0O0O0O0OODO
gboooboooboobooboobobobbobob.obooboobobooboboboo
gboobooobooboobooboboboboboooboboooboboon. Spiel (992) O
g, ggbogbboobuobbobobuooboobboobooboboobooboo
goob.boobooboboooobobobooboobo,0oobo0oboboooob
OoboooobOooooD0obooobo0booouboU. Divouxetall (ZOOR) 00O, O
goboobooobooboobboobboobbooboboobooboo.boobbobobo

gboogo,obbooboobbooboobooobooboboooboooboo.
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3 DOOoOo:00od 31 Jooogoog

312 0OO00DOO0OODOOOO0DOOO

gbboboooobooooa,gobobooobobooobooboo,oooboboooaooobgao
ob.00000000000,000000000D000000000DO0OA0O. |Vergniolld
bfall (T99A) OO 19920,0000000@O0CO)00000O0DOODOOOO.00O0O
OO Briiel-Kjeer 0 0 0 O 0O (Type 4155, 1 Hz - 70 kHz, Type 4165,4 Hz-20kHz) D 00O O, 3
oooboo@oobob 20mdnog20,0370mO000 10)0,1kHz000000
goboobdoob.oboobooboobo,bo0oboobuooboob,bboboboo
gboo.ooo,bo00boobobooboobob.oobobooboobonoboo

oobooboobodn,Fg a0 O00D0OO0O0OOO, 000000 10HzOOOODOOD

(Fig. c). DO OOOO0OOOOODOOODODOO, Vergniolle and Brandeis (1996) O O, O O

gbooo,obboboboobbobbo.booboo,obboboobbobboboo
U00000o0ob0o0bo0ob0oonoobod (Gersteral,P203) 0000, 00000000
gbo,0b0oobooobbooboobooboooobog,ooboobooboboon, o

gbooo00oooo0oooooooooooooboooo (Fig. B8Y).

uboooooboboobooobobooboooboobob,obooobobobooooo
OO0000.guchieral] ?0O8) 00,00 0000000DO0O0OO0O, 0000000000
gboooboooboobooboobboobbobboo.ooboobooboaoboo
goboobooogoob,2011o07000 1200000,0000000000000O0
goboobooo,bobooooboobooboo,ob0o00oob0boob0bo 02-05Hz0
1-2H2) 0000000000000 (Fig. @) (Fekoa, 2012). OO DODO0OO0O0O0OODO0O
oo @Sno2)yoooo,bobobob 33kmO00000000000O0,200Hz000
ooboo,o0dbdbou0buobobbouobo0ono0.0bu0boUn (Suzukiefall, 2005) O

000,000 10%kg/s, 0000 133.67m/s, 00 1273.15K, 0000 2037mO0000
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31 Oooooog 3 DOoO0:00oog

gboobgob,o03-06Hz2O000O0DOODOO0OO0O,1-2Hz00000000000000.
goo,00b0boboboo,1-2Hz000000000000000O00O00DO0ODO
O.000,Mkes @0I2)00,02-05H200000000000000000,1-2Hz0
gooooooooo,oopgoooobooboobooboboboboboboboboo

goooobooboobbooboo.

ggboobodoo,buooobboaobbooobo,oobbo,oobbooobboao
gbbobog,guobbbooobbuooobbooo,obbooobbbooobbao

oo.

goooooobobooooa,bbobotoooooobo,0ooooooboooboooo

0000,077H00000000000000000000000000 (Ripepe ef all,

DOT0&; Gota and Toknson, 2UTT). Ripepe efal) (Z0102) 00,00 0000000000000

gboobooboobooboobbobbobboobooboobuoobao.oo

U, Gofoand Tohnson (POT1) 00000000000 0O00O,00000000000000D0
gobo,gb0oooboobobooobgooboobobooobooboo,obobooboboob
goobobgooo,boooobobobobooboboboobooo.obooooob
gboboobobobooobobooboboo,0oobobo @oo),obooobo
O00obO0bOobDobooob00ob0obObDonoDo0oboOn keeefan(20T03). DOODOODO
goobooooob,bbooobboooobboo,ogbobooooobobooooboboon

00000 (Fig BO).

gboooooog@ooo)oo,20050300,000009kmd000000O0O0O
oooooob,02Hz00000000000D000DO0O0DOODDO (Fig. &M. ODOO
goooo,0b0b0b0ob0ob0obob0obUobob,bobU0bUobUD (Large-scale

turbulence) I 00D OO0 O0OUODOOOUODOOD (Matoza et all, 2009).
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O0000000Db0bD0O00 (Feeefall,2010R) 0 0O,20060 70 14-150 (UTC) OO
go0,000b0b000b0obob0obob0obobDoobUODbDOg,025Hz2000 1HzOD
gooooz200bobdbo,bbobobobbuboboboboboboboo
00 (Fig.B200). 000,70 150 2:45(UTC) 0 00O 0O OO O Pyrocclastic density current
PDOODDOOOO0DDOOODDOOOODOO,02H2Z000000O0O000O0DOODODOO.
1HzO0O0DOOODOO, 0000000000000 0O000DO00DOO0O00O00DOO00
OO0D00,000000000 (Large-scale turbulence) 10 OO O0O0O0OOOOOODOO0O
(Matoza et all,7009). 00,025 HzO00000,PDCOOOOOOOOOOOODOOOO,O
O000000OO000oo0O0ooooooooooooag.

goOo0o0Oo,0b0b00o0b0bob00o0obOob0oobOobDo0obOoooobOOoDOon

000.00000 (Sangay, 0 0000)00,19980 400000, ChuggingD 0000

U000001Hz000000D000DOO00DOO000bO00D0O0O0 (Iohuson_and Tees, POO0).

Chugging OO 0O0OO00O0DOO0OO0ODOO0OO0DODOO0OO,00000O0 (Arenal, 00000, 1997

0) (Hagerty efall, 000), 0 0000 00 (Karymsky, 0 0 O, 1997-98 0 ) (Iohuson and Tees,
po00), 000000 (Reventador, 1 0 0 00, 2005 0) (Lees efall, PO0R), 0 O (2017 0)

(Nakai et all, T996; [guchi efall, P0TR) 00000000 0.
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Figure 47: 0000000000000 . (@O0O000ODO (b)Stage 1,0 OOO0OOODO
U000 (o)Stage2, 10000 O0O0OO0ODOO0O0O d)Stage3, 0 0O0O0O0OOOO0O

0000 (Vergniolle et all, 1996, Fig. 1,5, 6, 7)

150
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g ,
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100 (65m=23Hz;1=09s) \ il
- H —— E1S1 (x 2.5) \ /) 1 H
—3 4y \\¥/ cavity resonance signal
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150 L——SHK(x1.0) i “‘—,/ . . . .
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Figure 48: 00U DOO0O0ODOODOO0OO. OO0O0DbOOOoooOobOoooo @woo).ooo
g, 0boboboboboboboboooboooooobo.oooobobob @o)ob
oooo0,00gb0oouboobobobobobobo @), (Gerstetall, 2013, Fig. 14)
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3 0DoOO0O0:0000 31 ODOO0O0DOoOo

2010/07/08 —2010/08/01

power (Pa‘Hz)

Figure 49: 000000000, 1000 RMSO (1) 0.01-0.1Pa, (2)0.1- 1 Pa, (3) 1 - 10 Pa,
(4)10-Pa000000000000000000.02-05H20 1-2Hz0000000
0000 (Yokod, 2017, Fig. 4).
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31 Oooooog 3 DOoO0:00oog
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Figure 50: DO DO0OOOOODO. 20080 30 190 13000 19000 nooooooOoD
gbooboboooo.oboooobobob.o0s5Hz000 3HzO000O 000000,
U00oo00ooooooooooooon. (Feeetfall, 20104, Fig. )

SPL dB re 20 pPa at r = 13.4 km

A A At a2l " hd i a sl A A b a aaal
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Figure 51: 000 0O0O0O0O0ODOODOODOODO.O0DOO0ODOODODOOODOOOOOOOD
0@oo,0000d0bobooobobOooon). 00O Large-scale turbulence O O 0 0O O
000,00000 Fine-scale turbulence 0 0 000 00 O . (Mafoza et all, 2009, Fig. 2)
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Figure 52: DO00OO0O0OODOOO0OO0ODOO. 000000 ODOO0OOODOOO0OO,0D0000
gboobooopooboboooobb. oobbbooooobo,pbCsO00onoDogoo
obooDb. 0bOo0ob0o0b00ob 02HzO 08HzUOODOOODUOODOO Large-scale
turbulence U U 0 O 0O O 0O O . (Feeefall, POTOR, Fig. 9)
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313 ODO00ooOooooooboooooooobooo

gbobobogoooobgooooboobo,obobooobobooobooboobo,booob
gooo,00000000o0o0o0oooooooog.
goboobooobooobooboobooobo,bboobbooboobooboobo
O0D00000 (ightrill, 97R), 00000000 OOO0O0O0O00ODODOO (lohnson, 2003).
goooooboo,gobooboboooboobo,boobobuoobboobobooboo.
gooooooooo,00oobobbobo0ggn,Gasrich 000000000, Dalfor
pral OIO) DO, 0000000000O0DOO0O0OOODOOOOOOODDOOOO0OOO,
uvvooooooo So,bobgbgooooo,obobobgoboooobobob.o
O, 0000000000000 Ash-rich0000O0, 000000000000, Feeefall
eorpo o, 00b0oo0ooooooooobooobo,bobobo,00ooo0ooDooooDo
gbooobooo.bgbo,bo0obooboobooo,obbobboobbobboboo
obOo,000b0b0o0ob0obobo0oboobobobob0obOnn. vamadaefall (POIR)
ogo,000oooooooooooooo (v, 0oobobobooooooooODoon
00000000000000000000 (,)O00Ooo0o0o00.0000, Vy/Vipr =16
gbboooboo.gbbuoobobooob,boobbuoobobooobboobboo

gooooooooooooon.

000000, Gasrich, Ash-rich D0 000000,0000000000000000

U000000000. DelleDonneefall 2016) 00, 0000,000000000000
goboobog,00bo00booboobooboobooboon, Thermal camera [
obooboooobob,bobobob Sso;buobogouboooooo.ooobobob
O0oob0obboobooboboon,GasrichDO0O0OOO0OODOOOOODO, Ash-richd O

gboboooboooboboobbo.obb,0o0bbooobooobboobboo
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000000000, Gasrich000000 Ash-rich 0000000000000 0O00O0ODO
0oo0o0 (Fig. B3).

Ichinarva COT6) OO, 000 2011 00000000000 3000000000000
00000,0000000000000 (V,)0,00000000 (SET,AET)0000
000.0000,0000000000000000000,V,,0 SETO00 AETOO,O
gbobooooobooo,ooboboooobobooo,oboboooboboboooooboboo
gboboooboooobo.bbooooboo,ooboboobboooboboobboon

gbo,0b0oobobooboobooobboobooobboooboobooon.
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Figure 53: 00 00,00000000000000000,00000000000000
OD0000O000.NEOO @O0OO00)0000000000000000000000
O,SWOO (c0000)000000000000000000. (ab,c)000000
00000,00000000000.W), (), (H000000000,000000000
00000000,0000,@O000000000,()000000,0H0000 140
00000000000 (Delle Donne efall, 7016, Fig. 0).
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3 DOOoOo:00od 32 0OOD

32 0000

goboooooooo spoboobooboboooboo.0ooboobooboobooD
gbobo,b0buooobooobooobooobboob.obb,ooboo,bbao

gboooooooooooooooboooobog.

321 OODOOOOOOODOOO

Unimodal STW D00 00000 (Q =06cm?/s, Vo =122em®) 00000000000
0000000 Feg.pBADODO.0D00OD00OD c10P)UDOODO,STWOODOODOD
gboobobob.ooobooboboboooob0obO FegB30Db0.0bo0goooo,
gbooboboobogb,bo0obgobobbobol1Padb0O0nDOooDOonOO
gooob,00o0ooo,b0bob0obooooooob0ob0obODOg Fg. BBOODO. O
obod0,20Hz00000000D00O000DOOODOO0.ODO0O00O0ODO0O,0000 (~
20H2)OOOOOOO0O00,230-270Hz0000000000.000,0000000
gobooboooboo,180-200Hz000000000000,270Hz000000000O
gbbh.o0booobboobbuoooobo,oooboboobbooobboobobao
oob00.00,0000 «<50Hz) 00000 150Hn) 000000000 00000on
oo0,0000 150Hz)O0O00O0oo0oooobobobobobobooo.

Small fluctvation 0 O 0, 0000,000000000000000000000000
0000 Feg 2000. STWOOOOOOOO,000000000D000000O00DO
gooo,000b0oooooooouoooooooboooooo0.bob0bOb Fig. BR
gboo.obogoooobo Stwoooooooobg,bobobooobobobon. Fge.
B0 Fig. B0 0 0O0O0O0OO0O0O. OODO0ODOODOO,180-200Hz00000000000

gbopoboboob.0obooboboobooboo,Stwhoooobgoooboobo (Fig.
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Ba-c) DO DO OOOODO.

Disturbed STW O DO OO, 0000000000000D00000 Fig. B0 ODO. Dis-
turbed STWO OO OO, 00000000000 DOO00OO0OOLODOOOOODOOOOODOOOO
O00.0000000 Fig.eIIOOO. Unimodal STWOUODOODOOOODODODODOODOD
oooooooo.bOo,0b0bobd,Unimodal STWOODODODODODODOD
oooo0oobooo0.Fe R20000,00000000001000000.

O00O00000,000000D000 Fig. 3000.00000000 Qi VeO,0
gboooobooboobboobooboboon.

Fig. Bda, b0, 0000000000000 ODOOOOO0O0O0OO0ODOOOOO0O00OO,
oobooboo,0000 (S0Hz»>), 0000 (SOHz<)ODOOOODOOODODOooOOooooo
gbbooobooob.goobuooobboobbuooooo,oobboobboo

00000000 (Fig. Bdb), 00 0D00DO0DOODOODOODOODODODOO (Fig. b4a).
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Figure 54: DO DO OO0OO0OO0O0OO (Unimodal STW): 00O ODODODOODODO,00: 0O
ooooo,00b0dobobO0O,dbobOobobOobOobOobOon.
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Figure 56: 00O UODOODOOOODODO (Unimodal STW): DO 0O0OODOODOODOODOO, DO
goooooooooob1pPad0b0DOODOODODODODODO.ODODOODOO,00
goooooooooboooo,20Hz000D00DLOO0ODODODOD.

Chamber (kPa)

Acoustic (Pa)

Q, =03 (cm3/s), V_=004 (cm3)

120 140 160 180 200

time (s)
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Figure 60: 000000000 O0OO: Disturbed STW, Fig. B0 000000000
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Figure 62: 000000000 O0OODO: Disturbed STW, Fig. B0 000000000
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322 0OOOOOODOOODO

gobooboogobooobooo, bbb boou,oobo0obboooboobooa.

STWOOOoOooooo,Feg. B30000,00000000000,0000,000-0O
gobobobooobobboooobobboooooboo,bboogg c10P)D0Ogg
0000oo00bo0.000b0ob0d Fig.®AdO00O0O0O,0000booo0o.ogoooooo
gojdd, iU U o
OO0 «<S0Hz) O, 0000000000 booo,goooboobooooog (Fig.
By DOoodoobdoooboob, bbb booobboooboo,oobOoo
gbobooboboooboboOog (~0059) 0, 000000 b0ooboooboooboo
ao.

g, 0ooobobobobobobobbod,Precursor 0, J0000O0OOOOOOODOO
g.gobbbtbododgu, oo btbooooub, bbb boouoo
Obdbo0,Feg. BSal000000OO0OO0O0ODOOOO0O.O00DbOODO0ObObDOObO
g, jdboob0boobbogoboobooooo.

Small fluctvation 00, 000000000 0O0O0O,00000000O00O00O0O0OOO
ggodooooooooo.ooo, 000000, oo, o
gboooobodbobooobooboboobuoooboobo,ooboooooa,SsTtwoog
U Precursor U0 OO OOOOOOQOON.

Disturbed STW O O OO O, Unimodal STWHO O OO ODOO,00000000O0OOOO
0000 (Fig. 6aI). OO0, 000000000000 (8000frame/s)y 00O OO OOO,O
go-oboobbtbddooooooub, oo ooboobooo.

Fig. lc 000000 (Type HhOOODOOODDODOODODDOODODDOOOOOODDOODO

Fig. B0 00. O0UOOO Unimodal STWOUODOUOODOODUODOOD (Fig. B(3d) 00O
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goooobooobo,boobobooboobooboobuo0. oobo,oboobOoob
gbo300ooboob,00b0,0b0b0ob L,2,3000.00000,0001000D0
t=1210ms 0, Precursor 0 DO DOO00O0O0OO000.00,0002030 10msO0000O
googooboo,ggbooboboobooboooboobboooboooboo.

Fig.ele OO OO0 (lype2) U D ODOODOOOO0OOOOOOOOOODODOD
Fig. 2000. 000bO0bOooooboob,obgboooboboo,boboboooooo
O0Db0.00000000 Unimodal STWODOUOODOOODOOODOOO, Disturbed STW [0
oooobooboob.Fg. 20000, 0000030000000,0000001,2,3
oo0o0.0001030¢t=1650ms0000000O00O0O0O0O,000,000002000
gooboboobooooob.bob L30b00boboobo,bobo 200000000
Ub0o0000,+=1720ms00000. 0000000000, Feg. 88000000000
gbo,0b0oo0oobgooooboobobo,obo200b0000b0b000bO0obDOooD
gooo.

Fig. Blg0 00000 (Type3)) 00000000 0O0OOO0OODOOODOOOODOODO
Fig. BRO0O0O. D0Db0OO00OO0,0b0gb0booboogobo,obooboboboooooo
goo.0oobbobooboobobobobooboo,o0obooboob,bbobobo
gbooob.obboboo,0o0oboobooboobooob,bboobboboboboo
oooboobooboboo.0boooob Fig kIO OoOooooooo,0oboo,obon

gbooooo-oboobobooboooobo,oboobooooobooaoo.
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Figure 66: 10 000000000000 (Typel): (a,c)000000000000000.
(00000000000000000,(,e)0000000,dO0000. ¢=1210 (ms)
0000000000000 (@),¢t=1270ms) 00000000000000, ¢ = 1280

ms)J0O0O00000000000 ().
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Figure 67: DO UOOODOODOOOOODOO (Type2): DODOODOOOODODOOOOODO
O@¢=160ms,a)J000O,t=1720ms) 0000000000000 (o).
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Figure 68: 00O 0OO0OO0OO0OO0OO0O (Type3): DOODOOOOODODLOODODOO,
gbobobobobobob,bobobob.
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323 ODO0O0OOOOOoOooOoOoOooOoooDoo

Unimodal STW, Disturbed STW O OO OO DUODODUOOODOODOOOOODOO Fig. BAa000O.
gboooooboo,ogb-opboobooobobooboobobooboobooon. oo
gboobooobobobooobooboobOoobg (Fig. B4e). DO O, Fig. BAO000O0O,
Unimodal STW OO UODOODODOODODODOOOOOOOOOODOOOOODOODOOOO,00
goob0o0ooobooooboobooboboooobo.bob0ob0obD,b0000 («50Hz) O
obob 50Hzp)OOooOoobOOooobooo,b0o00b0oboobobo,bo0b0o0oob
goooboooboboboo,00b0b0ob0ob0b0Dn (Fig.bad,e). DOODOOD0OODOODO
Oooooooobo0oooDbOo00bOn (Fig.kdd). Fig.ad1 OO DOO0OODOOO
oooooobooo,0boobbgbobo0ub,FReg A20000000000000

gooooboobbooboobbooboooboo.
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33 00O
331 ODOooOooooooog

000000000000,00000000000000000000000000.00
00000000000000000000000000000000000000000
0000.000000000000000000000000 (Vidal efall, P006; Sdichez
pfal,P014) 00,0 0000000000000000000000000.00000,0
00000000000000000000,000000000000,0000000
0000 (@O0)000000.00000000 000 (n=1,2,3.)0000 f?00

0000 L,00 ¢ D000, 00000000000:
n
frip:ﬁcair (19)

0DO0000000000,000000000000000,000000000,00
000000.00000000 2»—1000 (n=1,2,3.)000 f& ,0,00000
ooooo L,000,

2n—1
2051—1 Y I Cair 20)

gooooo.

gbooooogogo,oboobogooobobobooooooogboob,00o0on
oooobobo.gb,oo0o0oooboobobooooboboboobo,bobobob
goboobooboboobogobog Fig.pd. b0, 00b0goobobooogoo,bob

gbobooobooobboobboooboboobboooboo.bbo,obboo
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33 00O 3 DOoO0:00oog

goboobooobooooo,ooogboboooboooboobobooobooobo-00boOoon

oooooo,0o0oo,00b0o0obooboobooobooog.

ooooooooooooooooboooboo fO0,000D000D0 SOOOO,O0D00

gooov.oooo,

Cair S
I = 1\ VL (21)

googooo.

Fig. (90, 00000 630mm, 00000 2508 mm, 00 340m/sO00000,00

gboooooooooooooooogoooboooboooboooboonog.

obobooobogoo,cboboboboobo, o000 1 smmgogooon
gobooboobooboooobooogb.boboobobo25mmOgoOo,0Oo0n

gbooboboobo,obuodgboobobooboobboobooboban.

oo,0b0obobgobonbob 230-270Hz»y b0 oboobooog. goo, 630 -
700mm 000000000000 0ODO0O0O0O00O0O,00000000 630mmOObgn

ooo.

gobooobooboboobboooobo,180-2000z000000000000,0
00,430-460mmUI0000000O000OO00OOO0ODLOOO,0D00000000000 200
mmO0O0000000000000000000O00000O00O000000b00. 000,000
oooboobooboooboboooobobooooobO (Reg B, 00goooog, b

gboobobooboobboboboobooobobooooon.

goooogobo,0ogboboobobo,ooboboobobooobobooobaa,

gbobooobo-booboboobobooboobobooobo,opboboobo
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33 00O 3 DOoO0:00oog

100 (p) Pipe resonance

80 1

60 1

f,, [Hz]

40 ¢

20 ¢

5IO ]60 ]5IO 0:5 ] 1.5

3 L, L
V, [em7] [m]
Figure 69: 000 00O0O0ODOOO0ODOOO (@UO0DOO0OODOOODOOObOOOODOOO
00 (fp): 0000000 V,, 00000 L(=630mm), 00 340m/s, 10000 2.5 mm
(00)1.8mm{@0). c 0000000000000 00000D00000000. (b0

DDDDDDDDDDDDDDDDDDDDDD,ffl(DD,D),ffp(DD,I:I);DI:IDDD
ooo Ly

332 ODO0ODOO0OOOO

Unimodal STW [0, Disturbed STW O U, 000-00000000O00O0OO00OOO0O0OOODO
obobobobooo.obOo,segda0bgoooood, Disturbed STWO O OO OD
ugbobooobooooboboobboooboboobobooobooo.bboooo,oo

googd.

Unimodal STWO OOODOOODOO,00000000000000000O0008DO (Fig.
BY). 0000, 000000b0ob0oob ST wooboooooooooooo.oooo
goboobooogobobooobooboooboboooobooo0obOob,Feg BEOODO
U,00000000000b000b00b0oob0.0bogb0,Unimodal STWO O, O
go-0ogbooogobooogboooboobouo,oboobooboobobooobon
gboooobooboo,booboobbooboobbooboob domsO)O O

gboogooboobobooboobbooboon.
Disturbed STWO O, 000 0OD0OD0O0ODOODOODOODOOOODOOOOOO,OD0O00O
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3 DOOoOo:00od 33 00O

goboobooooooo,oobooboobooboobogoooooonn (Feg By). 00O
goo,0bo0-gbooooooooooboboobobob,bobooboooooobob
OU00o0o0DbO0o0DO. Fig. 20000, Unimodal STW O OO 0O OO O, Disturbed STW
go,0o0ogbooboboobo.ooo,gopo-0oobooobo,oobooobooobo,
gbobooooboooobobooobboooobob,booobobbooobobg,oo
g, 0boobgoboobobooboobooboobobooboboobo-0ooobo
goooboboooooobobo.obFeg 20000000000 0ODO0ODOOO,
gbobooooboobooooobobooo,obobooobobooooooboo,ooobobao
gbobooobooooboboobb.ooboboobbuooooboooobo,boobboao
Ob00obO0bOobooooboobg,DDisturbed STWOOOOOOODODOOOODOOD

000 (§243).

333 ODoooooo,goooooogooooo

goobooooobo,bo0dobbogobobooobobbooobobobooo,obboo
gooooooooboobo.Feg Mmoo, STWOOOOOODOooooooooooo,o
gbobooboboob @o)o,obpbooooboo,bboobboobbooboboo
gboo@boobooo)ooboooboob.boooboob,oobooooobooo
goo,0000o0booobob,obooobo-obo0bobooboboooboooooboon
goooooo.ooo,cgboobogon pubboobooo,boobooboooboob

gbooooobooaoo.

Eq @)OOOO, 000000, L)000000D000CDO, 0000000000
O((pooVvV, 000000000 oo. 000, 0000000000, 0ooooooog

00000000000000 (f)00,L00000000000.000,00000
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ooooooboog,sgoooobo,oobpobo0oooooooobobooooDbooOoo
O0,Eq @mOOoO00Vv,0ooooo.000,00000 (FigeeyO0oog,s0000d
gboooooooooooooooogooooboooboobobobobobobob,bob
oooo Vv, 00o000o0o0ooo0ooO.ooogo,sooo0o0oooooogoooog

gboog,00bboobooboobbooboobbooboobobon.

50 : : 50 —_— —V
(a) o (b) I Y

40} 40}

30+ 30+

AP, (Pa)
AP, (Pa)

20 ¢ 20 ¢

10} 10! 4

0 1 2 0 100 200 300
AP, (kPa) AP_ (kPa) - V_ (cm®)

Figure 70: 0000000000 (APy)D (000000000 (AR),(b)DOOOD0OO0
0000 AP.-V,000.V.(em®)0O00D0O00O00O00000000000.
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3 DOOoOo:00od 33 00O

334 ODO0ODOOO

gboobboo,gobuobboobbooboobboobooboobobooboo
goobgoooobg,booboboooboboooboboobo,booboboob
Oobooobog,0bo0bo0ob0oobooboogn. Disturbed STWODOOODOODO,
Fig 20000000, 00000b0bobo,jbooboboboooboobooo. o
goboooobo,0bo0bbo0bo0oboobboobob0b0o0bOl. Yokooefall (PO0Y)
go,0bo000bbboooooboo,oobbooobobooobobooooobooboon
g,gbobooobboboooobobooobobog,oobobooobboooooboo
gboboo.booobobooboobo,oobooooboobobooobobooboboon

goo,00000000b0,00b00b0obooobobobobobobOonD sEx™).

goboo,0booooooboboooob,0bobooboobobobob,obon
goooooooooooooooboooboooboooboobobobobobobo,oboob
gobo.0o0og,0booooooobogobo,0ooobooboboooooboobOobob
00 (Fig. ), 0000 oooobooooooboboooobob,obooooo
gboboobooboob.oboobooboo,ooboobgoobo,boboboboo
gboopoobooboobboobooboo,ooboboobooboobobooobooo
gbobooobooooboo.boogobooboo,bboobbooobboobboo
gbooooboobooobboobooboobbooboo,boobobooobooobooo
g, 0bgboooboboobob,bbooooboooboobooboboobobooobo
O0000000000000 (Ichihard, 2O16).

gboboooboboobobooboobooboooboboo,bobobbobOon
goobo.obooobboooboo,obooobboobobooobboobboo

O00obOD (ked, P012). OODO0OODOOO,000000D00D0ODOOOOODOODO
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33 00O 3 DOoO0:00oog

gbo,gb0ooooobogooo,obooboobooboobobboobobooboboon
ooooog.
gboooo,gbobobooboooboobobobooo,bobobobobooon
U000000 (lehnseor, 2003), 00,0000 00000O0O0OOOOODOODO,D0ODO
O0000000000000n (Feeetal, 20T, OODODO,D0D0DOO0ODODODO

000000000000000000,0000000000 (guchi, P012; [guchi ef all,

Po3), 000000000000 00000O. DelleDonneefall (P2016) O O, Ash-rich 0 O O
uboooo,oboobobooboooboo,ooboobobooobooo,gooooobooo
gboobooobooobooboobbobbobobooboo.ooboooboobooboo
g, gbobooobboboooboboooobbo,booobbooobooboboaooboban
gbooo,ggbboobuobbobobuooboobbooboobbooobooboo
gbooboboooooboo.ooooboboboobooboboobo,boboooob
oooooooooooo,gbooboobooboobobobobobobobobobob

obooooooooooooooooooo.
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4 J0OODObO:0b0obobobobob

4 ODU0O0dbobO:00b0o0o0obboooo

goboo,00booobooooooobooboobo,bo20150b00bo0booooog,ogon
gbodgbuogoboobgado.og,goboooooo,boboboobbobbaoboo
gobooboboboooo,boboboobooboo.obgoboobo,0obobobob
goooooooo,bobobobogobobobobobobobobobobobob
goooo.obog,ooobo(@oH)ybboooboooboobboobbooboo
gboboooobo.obb,0o0bbooobooobboobobooobboobboo

g, jgbogobbooboobboobooobon.

41 0000000

goboooooooobooooooooggnooooo.bobobooboboob,bob

gbooobobooboobooobooboon.

411 OO0DOODOODODODOD

oobooobboogbooooooo,20060 6040058000000 boogoooon.
200600 20070 000000000000 0O,200802000,000000000,20090
O000OO000O0o0DbO0O0ob0bO0o0obO @WOobD, 00000000, https://www.data. jma.
go.1p/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/monthly_vact_vol.php71d=506).
g000obO0ooobobooooboooo voomb0bobooobooo0OooDobOOobOoD
g0, 00bodboboooboo, oo boobooboooDOoboobooo
O,00b0,000b0oobobogog 3padb0,gooboogoobo,goo,00oogon
O0o00dooo orPa00000OOO0OOODOOODOOODODOODOOODOOODOOO@OO,

Oo0O0oO0O0000000, https://www.data. jma.go. jp/svd/vois/data/tokyo/STOCK/


https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/monthly_vact_vol.php?id=506
https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/monthly_vact_vol.php?id=506
https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/sendai/05m04/200_05m04memo.pdf
https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/sendai/05m04/200_05m04memo.pdf

4.1 0000000 4 JOo0odo.gogogogodgoon

monthly_v-act_doc/sendai/®5m04/200_05md4memo.pdf). DO OO O OOOOMO, 2009
oo0oggo 20150 6000, 0000000DO0O0ODODOOO0D D100OODODODOOO.
20150 700000000O00O,2015080 15000,000000000DLD0ODO (Hoffa
etall, POT6A) DO OO0 OODODO,0000000,2015090000 201602000 700
00o0ooboOo,00no20170400000,00000000000000. 201500
00000 12500 (Table. D, Group ) O, 0000000000 7370 (Table. O, Group Jx)
gooooog,20i6e0d 4700000000000 oooD @Woo,ocbooooo
0, https://www.data.jma.qgo. jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/

monthly_vact_vol.php?7id=506).
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https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/sendai/05m04/200_05m04memo.pdf
https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/monthly_vact_vol.php?id=506
https://www.data.jma.go.jp/svd/vois/data/tokyo/STOCK/monthly_v-act_doc/monthly_vact_vol.php?id=506

4 J0OODObO:0b0obobobobob

4.1

goooooo

ARy b b Y AEHAE

BIRL AR b DIV —T451F

Group J
SRITME K Bl 2

FIERNL 724 XV b

(1250 £ x> 1)
W EE Y 1000 m I RET 2 W

Group Jx
TRFEILC - JRTEHE 2 | IR
B, IR, A O KD
W, IR RAPENOZERET
—EHAE DL LDOZHRDO VTN %
B (737 A XV b))

Group Jr

G
N ) S G B 9 BEFIIEC (552 4 XY 1)

roup Jxa

WP D22k K ARIEDY 30 Pa %

A % 28R %2 A ) IEFERVIE K (243 4 XV b))

Group Jxs

201541 HO9 H»2 5 6 H28 HECcolilElics T, kKA X5
IZBWTHEK , DR D MR T & 7 BRI 2 IR IWIE K (107
A XN ), BRTGEIDNGE C BAEMIE K (156 4 RV b ), 2L RIR

ERZED R WIEK (43 4 RV )

Group Jxre

PRSI 7 W < WS LS e DA

DWEK (493 4 X )

iwﬁizoup ;jﬂﬁ iR MR

W22 W) or 28R T
N .- >10Pa, >5ns 867 £ X
FUALA RV B ’ ( A ) Group Ga
(2789 A =) <10 Pa, >5ns (1492 4 XV b))

Mol Z5@hid AVOT O3 &08kA5 1 4 N
[tc 5 ns LIBT3 4 <> b >10Pa, <5ns (46 A ~X¥}) o G
ZefiRanikid , 3 IO VRIS 60 roup s
PRI TASIRIHC A L 10 f2bL -1 <10Pa, <5ns (3844~ })
BHARV .

Table 2: 20150 000000000, 00000000000, 0000D0ODOODOOD

ooo.
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412 0OO00O0OO0OODOOOOOO

gooo,0bbooobooobbooobooobbooobooob.oonooboo
sstogogooooobonoooooboobDo @vo,oboboog 32km o,
goooooooboboboboooo.oby20070100000,0000000 21km
gobooboo@avonhooooo,0cgboobooboobooooooooooo.goo
gooobooboo,pvoroobog,0cgbooboboboobooboboooogooboobon ao
-200nrad), 0O 000000000 OD0O0DO,000000000000 (Ishihard,
mom. 2006 00 000000000000 DO0O0O0O0O0O0O,D0D00000000 AVOTO
goooboboboooobo.oobogo,0obooooogogobob,obobgbob
ooooob,bo0bbo0obbo0oboboObOog (fguchi et all, P010). HVOT O O, AVOT O
gboooobooboobbooboo,ggboobobooboobobooobooboo
O, 0000000000040 (fguchi et al],P013). AVOT, HVOTUO O, 00 00000O0OODO
U000 (lguchietall,?2013). OO0, 00000000O00DO00OO00O0O,AVOTOODO
gbobooobooooboboo.boooboboobo,ogoobooobobooboboo
O0.Feg moooobooobobobobobobobobobo,boboboboo
gboo.0boobboboobo,boobooboooboooooboo,obbobooo
gbooobodo.bbobboobbo,goboobooobooog,bobbobbobobo
o0.0000,00000000000 AVOTOO,000000000D00O000O0D00ODO
O,HvoT0O0000000000000D00D00000000000 (fguchi et al), 2OT0).
fguchiefall 0I3) 00O, AVOTOUDODOOOOOOOOO 20090000 34000000
goooboboobooo,oboboboooboo,oboboobooooobobobon. b
O00b0O0b0O0obO,BAYTAP-G (Tamuraetall, 991) 00O 0000000 0O0O0O,00

gbobobobooboooooooobob.obobo,0b0obobooooobobobo
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4 J0OODObO:0b0obobobobob 41 ODOOOOODO

00000 1kmO000,0000010%-10°m*00000000 (Fig. ). GNSSO O, O
O, 000000000,2011010000201203000000000000 Hoftaetal
CoIeRn) 00 000,00000000000 9.6 km (A-source), 10 0O 3.3 km (K-source) O
O00,0000007kmO000 (M-source) 00000 (Fig. [@). 00DO00OO0OOOO0O
O,AVOTOO0O0D00O000O0O0DO0 M-source OO0 DOOOOOOODOOO,HVOTO

Ub0oobDbo0b Ksource OO OOO0DOO0OOOODODOOODOOO.
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41 O0O00OO0OO0O0O 4 O000000.:000000000000
-0.05 0.00 -0.2 00
0 1 n i L
2000 - 4
HAR ARI
A=3240m A=2150m
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i 6000 -
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|| — xoEzsEE
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Figure 71: 0000000000000 O00000000O0O00OOOO0.0000000
00000 3240m, 00 2150000000 0. (Iguchi ef all, PI0, Fig. 7)

0 |
1
&%
Ez ° o o
= °% 1
Qo
£ ° , Bso
5 g
Z c‘)-’%Ooo ]
4 o
o
10’ 10° 10° 10* 10°

Deflation volume (ma)

Figure 72: 0000 20000 0000000000000 0OCOOO0000OO. 00000
00000000000 Tafeo and Iguchi (2009) O O O O . (Iguchi ef all, 7013, Fig. 12)
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4 J0OODObO:0b0obobobobob 41 ODOOOOODO

Depth [km]
a 0 2 4 6 8 10 12
Il 1 M 1 L L
ba
31°36' - oK -
oM
Obs. (1 cm)
Cal. (1 cm)
HN? {’J\,’g T T T

Figure 73: GNSS, 00,0 0000000000000 300000. 000000000
00 9.6 km (A-source), 00O 3.3km (K-source) 0,000 0.7km 0000 (M-source) OO
O (Hoffa_et all, POT6R, Fig. 8)
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41 ODOOOOOO 4 J0OO0OObO:0bOobOobOobobob

413 0OO0DOOOOOO

$(100,0000000000,000000000000000000,0000000
0000000000000000000 (Feeeral, DIy 0000. 000000000
000000000000 (fshikara, T990; [guchi, POT7). 1980 0000000000000
0000, shikara (1990) 0, 0000000000000 (V)OOOOOOO MyO0O00O
00O0,M/V=15000000000.00,guchi ?012)0,20090 0000000000,
0000000000000 VO,0000000 MOOO0OO MNV~5000000.0
00 fguchi(012) 00, 0000000000000,000000000000000,0
0000000000000000000000,MV~42000000000 (Fig. ).
Tguchi P012) 00 ,M/V 0000000000000 O00000O000,00000000
000000000000000000000000000000,0000000000
00000000000 0000000000000000000000000.
0D00000000000000000,00000000000000000000
0000000000, fgeeli PI3) 00, 000000000000000000000
000000000000000.000000,0000002-3H00000000

gboooooooooooooooooooooooooog (Fig. m@).
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4 J0OODObO:0b0obobobobob 41 ODOOOOODO

50 T -
\\\,f"’
‘§§39’ :
40 i \*‘?Q’
=
ég 30
)
-— o Fd
x » * ‘Lb‘\l
@ 20 =
U o
L -
L~
8 &
S 10 © /ﬁ/
.-’/-‘
4 6 8 10

Deflation volume (x10°m’) V

Figure 74: 000000000000 ODOOCODOOODOOOR20100 12060200000
oooooooooOoogo,oopooooooCoooOo.0oopooO,0cooooogoog
O 0O ([guchi, 20172, Fig. 3)

1.2 -
1.0 -
0.8 1
0.6 1

0.4 -

Monthly weight of volcanic ash (mill. ton)

L

EES v =a+ bk

EH EAftEL
02 = BETLHH 22072.2241

ETUZOr 083738

WERZZ 069614

fil ety
[ ] Monthly weight = Y1F -4.52107 465517

of v = 7.64016E-8 _6.49293E-9

0.0 . : , ,
9 9
0 1x10 2x10

Power spectra (2—-3Hz)

Figure 75: 2008 DO 0O 20120 0000, 0000000000 0DOO00O0OD0ODOOO
oooo @o)yo,boboobobooboooooono @o). (fguchi, 2013, Fig. 7)
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42 OO0O0OO0OOOODOO 4 J0OO0OObO:0bOobOobOobobob

42 0J0O0O0DOO0OOO

421 0OO0O0O0OO

gboboooboboooboob,0oobb (rkDnhugobog ®urR)oDoogooooo
gooogno.

ooooo(rKknHoboboboooobobo 115km, 000 540mOd0000,000
Ooooobooooon (Fg [m@. 20140 1000, 00000000O00000DOO0OO
ooo,TKTdo0goooooboobgo.oobo 1bgb 200mbO00o0ooboOoDO, D
gbooopooboob,0b4000b00Db00DLO.0DO0ODLO0ODO (001-20Hz»)O OO
O00,000000000S50HzO00000U00O (Ripepe et at], 2OT0R).

oboooo &urR)DOoooooo 35kmO00000. TKTOOODOODOOOOOO,O
gobooboooobobooboobooboobd (MB2005,0.03-10Hz, 100HzO O OO

ohoooooooooooooooog.

oooooog 20150000000000,00000000.Feg. ma00O,00000
O00,Fg Ob,c0000O0OOOO0O0O (Table. B, Group Jxa). KUROODOOOOODO
U, Lacannaetall (PZ0T4) OO0 DOO0 KURODODOODO (20110 -20140)0000O, 10
gboboooboooboboooboo,0booobbooobooobboonbD. oo
gbooboobobobobobobo.000b00ob000o0b0O Fig. 3OO O (Table. B,
GroupJxp). KUROUO,O 1I8sO000000O00OO0O. TKTO KUROODODODODOODOO
gbooboboboboobo,000bo0obobobo 20 b00boDoooooobooboOoD
googd.
Uo0odbouoboobOo,00bb00b0ubO (Table. 2, GroupJxp) DO DO OODOO 10

gbo4000000000,000000000000DOODODOODODODOOODO
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4 J0OODObO:0b0obobobobob 42 ODO0O0O0OOOOO

gbo0ob.KuROOODOOOOOODO (Fig. Ma,b)0J,04Hz0000000000,0.7
Hz, 1.0HzOOOOOOOOO0OO0OO0O.00,TKTOO0000000 (Fig. [M™c,d)0,KURD

000 04HzOODODOODOO,07HzO0000000000000,09-1.0Hz0000

googoooo.

31.6

31.5
130.6 130.7 130.8

Figure 76: () U0 OO0 () TKTOOOOOOODO
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42 OO0O0OO0OOOODOO

4 J0OO0OObO:0bOobOobOobobob

1000

(Pa)
o

-1000
-2

01/07

03/31
05/07

09/10

01/07

03/31

05/07

09/10
2

(@) KUR (Black), TKT(Red), 2015-1H-18 09:30:00

05

05

Figure 77: DO 00000000 O0D0DOO0 (@ KUR@M) O TKT(HODOOODOO
gbooob.obbobboobbobbobbob0,KUR, TKTOODOOOOO,0000
Oo0oDbOSss2000000000 (Table. B, GroupJxa). DODOODOODODOOOODOODO
gbooboOo,00001km0O00000D000000O00000O0O. (KURDOO (c)TKTO
goo201sboobobooooobooboboobooobooboboobooo.ooooooD

gooo.
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4 J0OODObO:0b0obobobobob 42 ODO0O0O0OOOOO

i o Pl {3 4 i
il VL e o e

1 0-8 | | | | | |
0 50 100 150 200 250 300

(s)

Figure 78: 00000000000 O0OOOOO0.000000DOO0O0DOOODOODOO
gboboo,0b0ob0obobooboco0obOob 330PadOn 2430000 (20150 10
70 -90 100, Table. O, Group Jxp) DO DO, 0000000 O0O0OOODOOOOOOODO
g,00b0boboooboobo (@,KUR; O, TKT). 0000000, KUROODO 18s0
goooooogn.
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KUR

_—
3]
—

o
[=]

Normalized power
<
M

<
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=
—
o
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|I\]

1

02/21

=
=
L =1
-l_—=!

03/26

Figure 70: 000 0O00OD00ODOODO (a,c KUR, TKTOOODODOODOOOODOOOOOODO
ooobooo. gooobgobooo. g, egboboobgobooob. bbobooo
00004, log(Normalized power). Table. O, Group Jxa DO DO OO DO OO.
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4 J0OODObO:0b0obobobobob 42 ODO0O0O0OOOOO

422 0O0O0O0OOOOO

goooooooooooooooobog,obobobobobobobobobobob
goboobooboobo@avonhuuobooooboooob.AvOTOUOOUODO 20kmO
goo,00b0booobooobbooobooobbooobooobooooboD. o
O00,guchierall C03) D 0000000 0O0O0OOOOD1O0D0ODOOODOODOODOD

gbooopoobooboobbooboa.

00201500000000000 [guchieral] ®13)00000,0000000000
(Appendix 0), 0 000000000000 (2000000 (V,)00O000.00000

goooogoodo -, uoo.

2015000000,00000000000,0000000000005000000
000000000000000000000000000000000000, 2,0V,0
0000 (Fig. B, Table. B, GroupG,). 00 00000000000,0000000000
00,00000,0000000000000010000,0000000000000
00000000000000000.000 2,V, 0,0 < z, <5000 (m), 10" < V, < 10°
m*)0000000000000000,0000000000000000000. Fig.
RI00,00000000000000. fgachieral @010) 00, 00000000000
000000000,r,=22km00000.00,0000000 Hoaftaetall (Z016R) 0
00000000000 (M-source, Hoffaetall (Z016R) 0000, ry =1.7km 000, 00
000,7,=22km0000,2,00502km0,1km0000000000,V,0 1000
3000m® 000 (Fig. B0, 00). 20000 00000000000000 2,0 002kmO 1
kmOOOOO00,V,0 100010000 m® 0 0O (lguchi efall, P013),20150 00000000

oo0.00,r,=17km0O00000,2,0 lkmOOOO000O0,V,O 5002000 m? 0 O O
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42 OO0O0OO0OOOODOO 4 J0OO0OObO:0bOobOobOobobob

U Fig. ROLOOOO). Fig. a0, 000000000000O00O000O00O0O0ODO0O0DAO,

Fig. BaO0DOUODOODODOODODOODODODOD.

Ub0oooobo0oboboo0ob0 Fe B2p000000000000OD0O00OO (Table.
D, GroupGn) ODODO0OOD0O0O0D0.00,Fe B3pb0,000000000000000
O00.00000000000000000000,V,00000000 2300000
gooob,200000000000000.0000000O0,0000O0OO0DODOOD

go,0jboobbooboobbooboobboooboon.

Miwaetall P03) 0000, 000000000000O0,0000000000DO0,
gboooboooboobooobooobogo,bobbobbobboboboob.ooobg,oo
gbbooobooobboobb,ooobooobbooboboo.bboobboo
oooob,0000000,Disturbed STWODODODOOODODODOOOODOOOODOD
gooooog,0oogboob,boob0bboobobofbOl (Gurioliefall, POT4;
Miwaetall,DOI3) 0000000000 000OC0O00O0.00,V,00000000000A0,
gooboooboobo,0ooobboobboobbooobbo,obbooobbooobo,
o000V, 00booooooooooooon (Fig. ke). 000,Fg. gAa000000,

OooooooooooooodVv,oooooooooo.

gbobogobo,ogobooboo,gobooobuooboobooboobbaoboo
obooboboboo.oo0o00,20150 80 15s0b00o00o0oo0oobOoboboooon.
Hoffa et all (P0T62) OO ,GNSS, 000, 0000000000,0000000 1kmO,0O
00000000000,000000001x10°m¥h00000. 00000000,
20110 1000020120 3000000000000, Hattaetall PZOI6h) DO OO OO0

0000000000 60m?h)00220000000.000000000000000
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4 J0OODObO:0b0obobobobob 42 ODO0O0O0OOOOO

0 00O M-source (Hoffaetall, DOT6R) D DU DO O000O000D0O0O00O,000000000
oboobooobobooob,00bobb0bobb0o0obobbd M-sourceDOOOOO
OU00000D000D000D0D (Hettaetall, 20T62). DO OO0DO0OOOOOOODOOODO,7
gooog8uubooo, bbb uob0obobbg (Fig.Bb). DODODOD
gbobo,00000 M-sourceJODOOOO0ODOOO0ODOOODODOOODODOODODO.
Hoffaefall P0T6a) OO0 OO0, Fig b 0000O0O0O,80 15000000000 2000
gboboo,00b000b0boobobogd,M-source 0000000 0OO0OOOODOO0O

g, ggbooobobooboobboobooo.

gooooboobooooboooboob,oboobgoboobooo,boooboooboo,
gooboobobobobobobobooobDoooooobLUobLFe 300,000
gbo,0obobobgoboooooobobobobobobooobobobobob.o
0,823 0gpoodoo,0cgbooooboooboooooboo,oboogb,obooo
gbooob.ob,0oboobooboo,gobooooboobooobooobooonboo
gbooo,oboooo,boobooooobo,ooobooo@o,boboo)o,boooo

gbooooboobooobbooobooaa.

gboobooooboboobob0o bobOoobOobobOoobobg. Fig. B30 AVOT
gb010000b0000o0o,KuRO0Doogoooog. AVOTODODODOOOODOOOD
gbbodoobuooobobo. bbuoobboobobu,obbooobboobbao
gobo.0o0bogbgo,obobooooogboboooobg,oboooooboobobob
000 (eg,Fig B3,02:5000)0,000000000000000000000000ODO
o000 (eg,Fig. B8, 14:1500)000. Fig. GO, 000000, 000000000O

O0000b00ob0ob0obOD (Table. B, GroupG) OO, 0000000000 OOODO
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42 OO0O0OO0OOOODOO 4 J0OO0OObO:0bOobOobOobobob

goo.0b0,0b0bobo,3puoooooobeoboboboobobo10bOb
O000000000000000.00,00000000000000040, 2,V,00
oo,000obooboooooboooooobooboboOo.bobogob,201500000
oooo0,278 0000000000040 (Table. 2, Group G). DO DO, 00 0DLDODOODO
OCGIoP)DOD0OOOLDDO cSsOUOb00ODOOD)DOODODLDOOO87TUDUOD,DOD
Obooboob cloP) 000000 0ODODODODOO «SO0O00O0ODO)ODOD 46
OooDb,000000 <10P)00000000ODODODODOOOOO 14920000

good.
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4.2
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Figure 80: 00 201500000000000000000 (29) DOOO00O0O0 (Vy: OO0
rg=22km, 00000 r, =17kmUO00000000. Table. &, Group Ga OO 000

goo.
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Figure 81: 00 2015000000000000000000O0DOO0O (Table. @, Group Ga
goon0).ooooobo obob.oooooo, 000000000 @bobob
odsiobooboooooog,oobogboooobobogoobogoD,boobooD
glooooobooobooobo,booboobobooboobobo,e0boooob
oooooooooooo,goobgbobobobobobobon.
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4 J0OODObO:0b0obobobobob 42 ODO0O0O0OOOOO

o
[N

Interval (Hour)

Figure 82: 0000000000 0O0O0O: (aV,(OOOOOOOOO.c00O0O0O0OO
U0D00b0o0o0DO. Table. B, GroupGa O OO OODOOO.

2 25 3 35 4
log, oV, (M%)

] 50 T T (b} T T

Counts

Icfg1 Odt (hour)

Figure 83: 0000000000 (@OO0O00 (VpO,by00ooo0o0oO0ooooon
00 @ooooooo.vV,000ooo00oo0,de02-30000000000000.
Table. O, Group G, DO OO OODODO.
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42 OO0O0OO0OOOODOO 4 J0OO0OObO:0bOobOobOobobob

104_ T T T T T T T T T T T T

o
W
T

10°
Interval (Hour)

10!

102 108

102 e
1072 107!

Figure 84: 00000 (V) OUOOOOOOO0OO0O0O00O00O00O (d¢)d00. Table. 2, Group
Gy,uooobobgo.

Strain change (AVOT)

Nano strain

00:00 03:00 06:00 0900 12:00 15:00 18:00 21:00 00:00
Infrasound (KUR)

200 . .

100-] ‘ l §
O L :I I L

-100 -

_200 | | | | | | |
00:00 0300 0600 09:00 1200 1500 1800 21:.00 00:00

2015 02/14

(Pa)

Figure 85: DO O ODOOOOOOOOOO,OD0:O 000000000000 OD,DOD
gboooooooooo,0oboooooooo,0b:KurRODOoogoooog.
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4 J0OODObO:0b0obobobobob 42 ODO0O0O0OOOOO

0 10 20 30 40 50 60 70 80
A e (Nano strain)

Figure 86: 00D ODOO0O0OO0OOO0OODO:20150000000000000000000
O0,00000000000 Ae,00000ODOODO A..0000D01DO00OO0ODODOO
gboobgbD sbobobooboobuoboob0obOobOon (Table. B, Group Ga). O
ooooobooo,201500 278900000 00ogoD.oobOo,0obooboooog 10
P)00OOOOO0ODODO eSODOOOO0DO)ODOOODOO @OHD se700OO,O000
O, 000000000 clo0P)0D0000000OD0O0O (SO00O0ODODOHDODODODOOD
O@o)b460000,0000,0D0000000 <k10P)0DODOOODOD (500
goooo)ooobobob(@o)yo 149200000000,
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42 OO0O0OO0OOOODOO 4 J0OO0OObO:0bOobOobOobobob

423 0O0O00OOOOOO

oboob,00000b0b0b0b0000b0lbU Azawaeral,P016) 0, 0000000
O0000b00ob0obO0obDO (Muramatsuetall, 2OIR) OO0 00, 000000000000
oooooo.gobooboboboooog,2014000 201500000 KuROOOOODO
ubobooobooooboboobboooboboobboooobooo. bbooo,booo
000 (Hitachi KP-DE500) D00 OO0OO0O @ofps) 0, 0000 GpPSOODOOODOODO
gbooobooo,gobooogoooo.bobobbobobo,booboobobbaoboo

gbooaoobgd.
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4 J0OODObO:0b0obobobobob 43 ODOOO0OOOOO

43 ODO0O0OOODOO
431 OO00OO0OOOOO.-000DODOD

O0000ooooooogogn (Table. O, GroupJxa) DO OO, 00000000000,
03-8HzOOOOOOOOOODOOOoOoL.boobobobooooobooooooo
gbo,0000boo0boboobbooobg,boobogboa TKT0000000oo0a
g,0b00sbobogoo 1oooooooboobob,bobobobooobooooon,

gbooobboobogbooa.

432 0O00OO0OOODODODODODOD

TKTOODOODOOODODoooOoo,0bo00boobooboboobooboobonoo
goboobobobogobooboo,obobooboobo.gboo3-8HzOOOooOooDOoD
Oo0ooooodo.TKTooooDooOo,0oo0gooo mmnoooo,00b0o@oo
gooooooooooooodd e, 00000,00¢0,000000000000

000 ¢mnlt,Tomn) 0,000 ¢, 000000000 r,,00 ¢c00O0OO,

1

t+tw
¢mn(ta Te,m,n) = ? /t Pm (t, + Tg/C)pn(t/ + Tg/C + T97m7n)dt/, (22)
w

000 (Nishidaand Ichihard, 2006). 000, pp,p, 0, 0000000 (mn) 0000000
0000,0000000000000,00000000000000.00, ¢t mmn)
00000000, ¢malt,Toms) =0000. 0000000000000000,000

0+000060D00D00000000 ¢(t,0)000:

B ) N N
o0 = w1 YD b (23)

m=1n=m+1



43 OO0OOOODOO 4 J0OO0OObO:0bOobOobOobobob

oo, NODOOooOogooogooogo.

bobobobogoobooogoooooooooobob,t,=6000 30000000
goboobooooo,sogbooooboobo,boooboob 201501000 100000
oob0 @00 §&EE Fig. o000, 000000000000,000000).00,00
goobob SegwoO)ooooooooooboobo,boboboboooooob
b0, oooooobooo,obobobooboboboboobg (KSROO,
Ny DOouoooodn Rg. BpOOODOODODOODOOOOOOODODO. OO,
oooooooobooog,0bgbub0obobuobobobod (Table. B, Group Jxre)

googooo.

gogboobooooboobg,buogd bbb pyoouobbbuooaoobbogao

o0 rp00000:

t1

E@O)= [ &t 0)dt. (24)

to

D0000O0TKTOOOO ¢(t,)0,0000000000000000O0DOO,1000,1
0D00000000O0.TKTOOOOO,0000000000000000 ¢(,60)000
gboogoo,boboobobbobg. oo, KuRobooao,0ogbobooooaon,
gbooboooboobooboobobobb.obooboobooboobobaoboo
O (Table. O, Group Jxgc DU 0, Jx 00 0)OODO,000000000e600000,000

goooooooooooooooogooooboooboooboobobooboo,0bobobob

000000000000000000 (lguchi ef all, PO0R; Muramatsic et al), POTR) 0 O O
000000.000000000000000 (Table. B, GroupJxrc 00 0,Jg 000)0

go,00b0bogobooobooo,boobboobobooboboooboooobo.
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4 J0OODObO:0b0obobobobob 43 ODOOO0OOOOO

OO0, TKTOOOO ¢(t,6)00000,0000000000000000000000O0
gobobbobl1oooogobob,obobooboobooboboobooboooboobon
OoooooooooDoo.DOoL,KUR, TKTOOOODODOOOooOooooooOoU0O Eg, BEr

oobo.0b0,se23000.

433 ODO0OOODOOOODOO

Lightill (T978) 0000, 000000000000000000000,0000 V()

gooodododpOo,000oooobod r, 0000 pam, 00 cODOOO,

sz;nf _ 27rg
dt? Patm

p(t+rg/c) (25)

gboboooboo.aobob,obboobboooobo,obboobboobobooob.boo
O (lohnson, P003) O OO0 0000000, 00000000000,0000000000

gooooooo,obooboobooogbob:

2 tq t
Ving = —9 /0 ( /0 p(t+rg/c)dt> dt’ (26)

Patm

ob0,t 00000000000, Eq @ b0bonooooooobobooooon.

ob0o00, kg, Exr 00000000, 0000000000 RO0ODOOO:

ta t
P =:j£ <]C Zh(t4—rg/c)dt> dt @7)

gobo,p.0,00000000D0DOO0ODOOODDOOODOOODLDbDOODDOO

U.000b0boboobuoboboobooboo.bobolbO (Table. B, Group Jxpec U O O,
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43 OO0OOOODOO 4 J0OO0OObO:0bOobOobOobobob

xoooO)obo,0obob @Wooooboobooo,20b0oo0oboooooO)yooDoOoD
OoooooD.00,KUR, TKTUODODOOODOOOODOOUOOOO0O0D Py, RrO000d. O
OUoooDoOoooboOouooDbOoOd (Table. B, GroupJxpe DO O, Jg 000O)0ODO DO, O
oooogooboobgoooobobooo,bobooobUobUoo,boboobUobDooD
I A A O N Y - 5 R

oo.
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4 J0OODObO:0b0obobobobob 44 0000

44 0O0O0OO

go,000bgoboooboboobo,oooobooboboo g2y, boboooooooD
oo ez oogo,000boboboboooooobobobobooooooon
g.gboo,0bbooboboodgbbooboobo.ooboboobbooobboobooon,o
gboobboobuoab,obboobbooboobboobooboobobooboo

goooooooo,0coboooooooooooog ey,

44,1 OO0DOOOODOOODODObDODODOODOO

gooboobobOobobogo 201500000 7370 (Table. @, Group Jx) U 0O O, 636 O
Uo0obD TKTOODOOooOooo,000b0b000b00b0oboobob. Fig. g&2000
OO00O00D000D000 (Table. D, GroupJx DO O D0). DOOODOOODOOODO (300°) 0
OU0000. ekeoetall Z0I2) D000 O00D0OO0O0DOO,000000000D000D0O0O0
goooooo.1o0-180°NOOobobo,boboogooooo,oooboboobobob
goobobobobobogoobo.boob,seeNODOoooooooboboooooo. b
gbobooooboooooob,boooboboooboboooboo,bbooooboboo
Oo00oo00oooooonD (Fig. Eib).

o0, 0000000000000 000000000Db 00 (Table. &, GroupJg OO O
Hoo,000000000000 (Fig. By). OO0, 0000000 1-3Pa000O0O
goooooo, TKTOoOooobo 1pPab0000OO0OO0OO0OO0OOOOODOODO,0D000
gbbooobuooboboobbuooboboobb.obo,ooobboobbao
gooo,00o0o0oooooooooog.

gooobooboobooobuoobouoboobOo,00b00n (Table. B, GroupJx O O

OHoboboboooouooooobUoD Fig.®OOOO. Fig. BBaD O OO, SHW DO OO
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44 0000 4 J0OO0OObO:0bOobOobOobobob

googo,2s00b0b00oo0o.KSROOO,0b00b00o0ogoooo,000b0g0oan
o, Sewooogo1gogoobo.ogbo,Ssewiliooooooooooogog,s0n
oooo7500000,KSRO0J000D0oooooooboboobOo0DnD. Fig. B3 OO,
O00ob0obOobgo sob0b0bd Fg. BBaODOODODODODOOOOO.OO0OOOOD
gsogboboOoKSROOOODOODOooooDOoDbOobOoOoO,FgAODOOO,0000 50
ooog,1oo-1500booooboooboooooooobooo,ooobooooboooo,
KSROO @UUO)oooooooooobobooooo.go,pobog,eobdnog
SHwOOoooooooo KSROOoooooooooboooooooo.oobo,boobo
o000 (Fg B, E20000)0000,0000000000DO0O00O0OO0OOODOD

gbooooobod.
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4 J0OODObO:0b0obobobobob 44 0000

40 (a) Ex72, 2015-15-18 02:27:00 JST, 25 °C

CH1
CH2
20 CH3
CH4

(Pa)

14:27 14.28 14:29 14:30 14:31
time JST (HH:MM) 2015%¢18188

(b) SHW (Red), KSR (White)

i
£ 200 i

3

£ 150

< 100 |

0 50 100 150 200
time (s)

80 . ‘ ()

(Pa)

0 5 10 15 20 25 30
time (s)

Figure 87: TKTOOOOOOOOOOOOOO0OO.03-8Hz, 000 30,0000000
3000000000000000. (TKTOOOODOO0OOO0OOOO (0.3-8Hz) (b) O
0000000,000000000 (SHW), 00000000 (KSR).(c)0O0O00O00O

ooboobDoobO0ooobo0ooboo0boobbO0obboOoboboOoDbOoOn. Table. B, Group
IxaOOOoOoooo.
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44 0000 4 J0OO0OObO:0bOobOobOobobob

(a) Er58, 2015-18-10 07:21:00 JST, 25 °C

(Pa)

-1 . | |
19:21 19:22 19:23 19:24 19:25
time JST (HH:MM) 2015&#1/8108

(b) SHW (Red), KSR (White)

350
300

.~ 250
200
150
100
50

Azimuth (

0 50 100 150 200
time (s)

(Pa)

0] 5 10 15 20 25 30

Figure 88: TKTU OO DOUODODOOOOOOOOOO.03-8Hz, OO0 30,0000000

o000ooooo0ooo0o0oD. 00000 Fig. 2000, Table. B, GroupJg OO O O
gooo.
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4 J0OODObO:0b0obobobobob

44 0000

Normalized power

Normalized power

10°

1072

10

10°

1072

10

(a)

SHW
KSR

A

o+
)]
o

100
(s)

150

(b)

SHW
KSR

| %FJ\MM/

100 150
(s)

Figure 80: TKTO O OO ODODODODOODOOOODOOO0ODOODOODO: @O0O000ODO,Mb)O0O
obo0o.oo0ooboob SHkw)oo,ogooobo(KSp oooooooooogoooo.
goooboobob SHewooooooogoooboooooo.obg1bbobobob
O000000,Fe BOODODODODOODODOODODODO. Table. @, Group Jxa D OO OO

ooo.

-153 -



44 0000 4 J0OO0OObO:0bOobOobOobobob

442 O0000OO0OO0ODOOOODOOOOOODO

gobooboobooboboobobooboooobobby Fgmooo.ooooogo
O0D0o0oOooogn (Table. B, Group H OO OO O OO, 00000000O00O0ODOODO
ooooooo.eboboo,0b0oooooooboooobooooboboo,obobob
oobooboobooo.gooo,ed 12-14000000000O00OLO0ODLOOOLOOOODO
goooboooboo,ob0gboboboooooobo0ob.boboboooboooboOobO, KSR
gbooboobooboobooboobobobobobo.ooo,e011o0bO0b SHKW OO,
KSROOOOOOOooOOooooooooooo.oooooooooooooooo @o
goo,bobobooo)ybooooboboobooooboo.700b00b0,000000D
oobobooogobo,0oboboooboobooobooboobooo,1oobo,0o0boob

googoo.
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4 J0OODObO:0b0obobobobob

4.4

gooog
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Figure 90: TKTO O OO OOOOOOOOODOODLOO:0000 (SHW))yODO oooooo
oo @o, 000 KSp)ooogooooooo @)oooooobobooboooooob

goooooo.1o7000b01003100000000.
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44 0000 4 J0OO0OObO:0bOobOobOobobob

443 0O00O0OO0OODOOOODOOOD,00000D0O0

KUR, TKTOOOOOOO,00000000000,00000004000000: (1)

gooooooo,@oboooboooob,3gubobob,¢oboooo.

(Hoooooboo boobooboobbOobboUobOooboUobOobo,obboboo

ooooooooooooon (Fig. [, IR, ™, Table. B, Group Jx).

ooooobb0 OobooobooboobobooobboobOoo,ouoboobobobooboo
gboobobobooooooooboobOoDbOgD. Fig. anog,20150 20270 800
o220 dSHooboooogobo.nooooog,0booboobobobooooboobon
goboobooobooo,SHwoooooboooogooobooogo.1nooooooob
OTKTOOOO,SHWOOOOO0OOooo0 KSRgoooooooooooooooo,
gobooboooboobobooooobogooobobobouoooooobobo.oboboob
obooobg,0oobgobooobooboobo,0bboobobboobobooboboob
goo.

gooo,KuRO0OO0Oooooooooooboob 05sHzODOO,1Hz2O00000O,05-1
HzO00O00OO0O0OOOO0ODOODO. TKTOO SNOOO,00boboboboobgoog,11o
oo 1sgboboooboooboobobogooooos-1HzOOOOODOODODOoOOoooOoOoD

goooaoo.

@oooooouobb bobooooboOobobooUobObOObbOOUODbDOObbOOoOoDO
go,0b00b0b0oooboobobooooboob0obobobobobO. Feg 200,40
oo oo bboUboUobOoUobL.0cobooboDUb,DbDgb 3490000000

b 33Pa00000000O00O0DOO0OOOO,50400 0000000 13Pa0 000
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4 J0OODObO:0b0obobobobob 44 0000

gobooboboooboo,oboboboboobooboboboooobog30s000000 8
ooooooooooooooon.
gboo,KuROOOO0OOooOooooo0o0O,05Hz000000000000 1HzO0O0O

gooooobooogoog,os-1HzO0O0OODOoo4oooooooog.

4oooo0 oooooboobOoobOOoOoDbOoOobDOoUObOOo,00DO0O0ObDOoOoDooOon,
U0o0o0b0oooboboboon AppendixD). 0O 0, 0000000,00000000
g, 0b0bobobobuobobobobog. Fig. 300,30 200 14000 17000
ooobgob. 404100000000000DO,D0000DODOO,000,00
obobobooooobo.boboboobooob,1s0 1Ssobgbogo,o05Hz00 1.5
HzOOOOODODOOoOoOooOoooooooboo,1so3b00obgbooosHzO00000n
gbobooboobooboobooboobbobboob.0obooboobooboo
gboo,0g0booooooboobooboogbooboboooboooboooobooooobo.
go,joooooobooogo, o000 ()-¢uoboobooboooobobobogoooD

ao.
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44 0000 4 J0OO0OObO:0bOobOobOobobob

02-27/09: 9318

(Nano strain)
AN
o o o

09:00 12:00 15:00 18:00 21:00
(c) 2015/02/27 KUR

log(PaZ/Hz)

Time
(d) 2015/02/27 TKT _

log(PaZ/Hz)

Figure91: OO0 O0O0O0O0OODO: (A1-4H 0000000 B)0Oooooooooo,0b00oon
gbooobooo,bo0bobbobodbd,@b0bo0bd:-0bdg KuR@)DOO
oooo0g TKT@)oooooooboooooboobooobobooooobgo,b0ooon
TKTOOODOOooooo,0o0gooboogog,Ssewodooooooooooogoogoo
gbobobobobobgbo.KSROogooobobo @oo)oooooooooo.
SHwoooooooooobgooooboo,bobooobuoooobooooog.
goooboobooboooboooo,ooooooooooooboobobo.booobobob
gbobooobooobooboo.oboobbooboobo,gobooboobooooobooobon,
OoboooboooDoooooogob. e, dKUR, TKTOODODODOOOOOOODOO
ao.
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4 J0OODObO:0b0obobobobob 44 0000

444 0OUO0OOOOD,0D00000

00000000000,00000000,KURO000O,000000000 (Table.
D, Group Jxpe). 000000000 D0,000000000000000 (10 150 19:00
-19:30)0 Fig. ®@O000.0000,19:1400 (EH D, 192100 (E2)0,0000000
0000000000,000000,00000000000000000.E10000,
00000000000000000,00000000000,E20000,0000 3-
4000,000000000000000000000000000. 000,EIO000
0000000000000000000000,E200000000,3-5000000
0000000000000.00000000,000000000000000000
0000000000000000 (0.05 - 0.1 Hz) (Feeetall, POT3; Vamada et all, P017) O ,
000000000000000000000000 (04-05Hz1-8H) 000000
000000000000,00000000000.E200000,0Pa0000000
0,04-05Hz 1-8H000000000 (Fig. 8de, ). 0000000,0000000
000000000 (Fig. B4a,b). 00, 0000000000000,000000000
00000000000000,000000000000000 (Fig.B9). 000,000
00O000000O000O00,000000000.
00000,000000000000000000000000000000000
00000,000000000000000000000000000.0000000
0000,00000000000000,000000000000000000000

gooooo,0ogooooobooboooboooboooobogboobogooobooobooDg.
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44 0000 4 J0OO0OObO:0bOobOobOobobob

2015 01/15

'?/u

19:12 19:14 19:17 19:20 19:23 19:26 19:29

(Nano strain)

19:12 19:14 19:17 19:20 19:23 19:26 19:29

400 (©)
200 - .

(Pa)
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-

-200 - B

-400 - L i L 1
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[®]
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(=]
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[®]
T
E
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Figure94: 00, 000000,00000: (@0 0D00O0O0O0O0OOD,0b0b00OoOOd
00000, 00o00o0boooogo,G o000, 0pbb0obooo,onooooa
gbobod,cubogo,d)0.05-0.1 Hz, (e) 0.4 - 0.5 Hz, (f) 1 - 8 Hz. Table. O, Group Jxrc
o0d,Jxoooooooaa.
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4 JO0OO0DObO:0b0oboOoooooogoon 44 0000

2015 01/10

19:12 19:14 19:17 19:20 19:23 19:26 19:29

(Nano strain)
|
|
|
|
|
1
/
|
|
|
|
|

19:12 19:14 19:17 19:20 19:23 19:26 19:29

19:12 19:19 19:26

19:12 19:19 19:26

Figure 95: 0O 0O O0OO0OO,00,000000,00000.@-HO FigAODOODOODO
0. Table. B, Group Jxgc U O O, Jg D0O0O0OODODO.
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44 0000 4 J0OO0OObO:0bOobOobOobobob

445 0O00OO0OO,000D0O000O00O0DOOOOOOD

gboboogo,bgboo,ogboobooboboboobo,obooo,boboobo
oooooooo(vy)youodoo.oooo04dooo (Table. B, Group Jxre) U0 OO0
gbooooooboooobooboobo (B, B, 0000,000000000DO0DOODO
gooob,0oo0oooboobooboobooooobobobo.ob,0bobob,bbo0oD
oooboobooog (P, P, 00000000O000DOOOOO0OODOOODOO
gooooobobo.KuROOOOD4OOo4ooOOo,0.05-0.1,04-05,1-8Hz000000

000000000 0DO0OO00O0O0O0D0D A, AL Ay, AgOQ0QO.

gooooboob,0b0o0bb0oobobobuo0bi0U Fg a0 00 (Table. D,
Group Ixgc OO0 ,Jx0000). 00,000000000000000000000DO00
OU,0000 Fig. @000 (Table. B, GroupJxpc U OO, Jg 000 0). 20150 10 900
oeb 280000000000, 0b0bD0ODOObOO,0bobobobobobobob
goobob,0obooooooooooo,gbgoooooo ao7robobo),obooob
obooooooobgo asbooo),boboooboboboooboooo @3oooog)
0000 (Table. @, Group Jxrc), U0 0O DOODOOOOOOODOOOO.O000,00000
goboobooboobooooboobooboobooo,boooobooobooboo sooo
gboobo/doooboo)bobooo,0b0bobob0obobO0. 000 Fg. OO0,
oooo,vErO0V,0000000000,00000000000000O0O0O0DDOO
000000000 V/ErO0OOO,000000000000 10000000 (R=0.67,
ROOOOO).O00O000C00O0,00000000 A0V, 000000000 (R=0.59)
0,0000000000000V,0000000000.00,00000000, P,
PRrO00oo00,000000000000000 (Fig.B80O,0)0 V00000000

0 (R=0.76 (KUR), 0.70 (TKT)), vEr =V, 0000000000000, 00000000
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4 J0OODObO:0b0obobobobob 44 0000

ooodooooodo,gooooodooo,v,oioooodgoooo. oooodd
p,RO0ODOO,0000000DL,D00D00O0O0O0OO0@WOLHYODOO,0DO0@OO)H
goooooooo,boboobobobobobobobobobobobobobob

googooo.
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44 0000 4 J0OO0OObO:0bOobOobOobobob

50 2015/01/15

—{(a)

(b)

(Pa)
o
—

600 |- (d) 1

Figure96: 0000000 (00,000000)(000000,0000000 (0),00
0000000 (@), (bO0000 (d,KUR O,TKT),(c)00000 (O,KUR, O, TKT(SHW
00),0 TKTI(KSRO D)), () 00000000: 00000000,000000000
0600000000000 0000000,(e000000000000@O0),000
00000 ((@O0), 000000000 (0O00),(HKUROODODOOODOOOOOOO.
Table. B, Group Jxgc 00 0,Jx 000O000OO.
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4 J0OODObO:0b0obobobobob 44 0000

50 2015/01/10
(a)
. _—'—_‘—h—._.___.__‘_‘___‘_—‘_’__________
E_ 0r ——————< — i
-50
10
(b)
g 0
-10
104} (c) |
» : ]
a 0!
1072
600 |- (d) 1
&, 400 - .

&200— / 4
0

Figure 97: DO0OUO,Fig B0 O00O0000. OO0O0OODOODODOOOOOOOO (b), DO
U000 Fig. a0 00000000O0. Table. B, Group Jxgc U OO, Jg 000000 DODO.
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4 J0OO0OObO:0bOobOobOobobob

44 0000

(0000X) 000000901 00000ooo0n
0000/0000000S 0000000 000000000000 000 0000000000000 ILNANIU-S) ‘00
CoODO0ONDOoONoOoOOINLYNIG) ‘' 00ZHS-1S0-+¥0°T0-s00°00000(P® 0000000 0O00O00Y 'O
0000 ‘0000000000000000000000 (P¥Xpdnoxp ‘g QIqel) DO O O0D0O000O00 000000000
0000000000000 00‘00000000000000000000000000: 000000000000 862314
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x- 20l = 20l
=0 .wn. \ m 6 1=v .xw. m oL=v m. N-O— @ m._.ny.”...% . DO_. M
..x. .w.k . % g0l HV .... ! 00l WV xwma « _IV ......... .“. - JV
o P agdel, i Wl 0L o SEEY 05
il xuw,x o ..u...n.....n o ..Q..vwn 0 o) u.m.....x 5
A o 2] g a2 s TR s
b L 201 »0L
82'0=d Or'0=d 65°0=4 1£°0=4

- 168 —



4 J0OODObO:0b0obobobobob 45 00O

45 OO

451 ODO0OODODOODOO

gbogboooboobo,0bobooobooboboooboobOobooDg (Fig. BR).
sea3000000000,00 v,obooooooooooodgooooooooan.
Er0,0000000000000 (Fig.BR,00,00)0,00000000000000
O (Fig. B3, 00)00000 V,000000.00000000000000O00000
U, 000000000000000D0000000Db0Db0O0O0O000Db0 (Aoki, POTAH).
goooooooooooooooboooboobooooobobobobob,bobobob
goooobo,bo0boooogobobobooboo.oooboobobob,0bo0bobob
gobooooooo,0booboobooboooo,bbooboobooboo,b0oo
goobobobobobobobooobooooouooboon (Fig go,e4,08). OO0, O
gobooooboooobobooobboooobbooo,obobbgo,ogoobooboo
gbobooooboooooob,boooboboooobobo,0oo0oboboooooboboo

ooooodo.ooogo,v,oooooooodooooooooooooooooon

0000 (shiliara, T990; [gucki, 0T 0000000000,
0000000000000,4;,0 A0 V,000000.000000000000
0000000000000,000000000000000000 A0 P,0,V,00
00000000000.000000,0000000000000,000000000
000000000000000,0000000000000000000000000
000 ([guchierall, P008). 000, A, 0 R 0,V,00000000000,000000
000000 (Apy)0,0000000000000000 (Ap,) 00000000000
000000. Apy xV, 00000, Apey x Ap, 000, Apey, x V,000.000000

O0o000000,Ap,00000000,000000000000000O00000A0
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45 OO 4 J0OO0OObO:0bOobOobOobobob

00000000000 0oo0o0nn (KimandLees, 2011, Lacanna and Ripepé, PO13), Apcp

ooooooo ApbooboooooooooooooooooOo.ooobob,000oo
g, 0bo0boboobobobooooooo-bobobobobooboobobono,oon
goboooboooboboobobooo,booobbooobooobboonD. oo
gboboobooboboobobobooboboobobobooboboboobo
Ooo0 (Figs. @), 0000000000, 0000000D00O0DbDOODOD. DO,
00000000000,A4,, L0V, 000000.000,000000 Apep oxV,O0
O0oo000o0oO00,00000000000C0000000,Ap,, 0000000000
000,00000000000000000000C000000000C00000, Apep

gbooooboobboobuoobbooboaa.

00,4, 0000,Ay,Ag0V,0000000000.000,00000000A0
go,000o0o0bogoboboboboboob,0oooooooooobgooboob,bob
O00DObD00b00b0obD00oo0bUubDOn. vidaletall 0OG) OO OO0ODO,00
0000000000 00D0O0O0000O0000D Ay, AgpO0, 000000000000
OO00DO0O00DOOoO00O0O0o0bObO.0O000DOoO0ooOOo,0Do000oDoOoooog, Ay,

AgO0 V,000000000000000000.

leuchi (P03) 00, 000000000000, 0000000000000 OOOOO
gooboboobo.ob,23Hz0000000000000D00O00O0O0O00O0O00OO0ODO
gboooooooooooogoobo.ooo,00o00obooboob0obg 2-3Hz000,00
goobobobogooos-1HzOOOOooooO,000bo0oboboboooooon
oooboboooooobo.oo,oooobooboboooooboboboooon
DDDDDDDD,Fig.DDDD,Vg2D ErO000b0000.00Db000DO,D00D00D

goobooboobobobgooboobooobo, bbb obUob. b0, EPObOODDOD
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4 J0OODObO:0b0obobobobob 45 00O

goobgoooob,gboobobooobooboobo,boobobooboboob
goboobooboboooooobobobo.obooobooboo,oboboboo,obobob
goboobooo,boboobooboboooobobbooboobobooobobooo.

eucni0I2)0 0, 0000000000000 DO0ODOOODLDOODODOODODOLODODLO
obo0o.go0oobobgooboob,Feg OO0, boboboooboboooooon
gboopoobooboobbooboobo,oboobboobooboobobooobooo
gboooboboobooboobo.

ugb, TKTogdogoooooooooobooooooooooooo,obogo
goobobobooobo 100000 b0obU0b Fg@@OoOoo.0DOooDOooOooooOooD
gbobobo,boboobooboboboobobooboOo.ooo,en 24,2500,90 26
goo20b00boooboooo,0oooooooobooobooboobob,bobobob
goooooog,gbobobogooboobogboooboobobobobobobobobobob
goooboooobo.bo,ooooooooobobobobobo.bobo,0oboob
goooooooogoooooooobooobo,obobobobobobobobobob
goboobooboobgooboo.oo,oobooboobuoobuoobooboon,o
go,0000000,000000b0o0b0o0booboboo,obpbo0obo0oobooo
gooboooo,bbo,0o0bbboooobbooooboboooboboooooboboon

gooooo.
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4 J0OO0OObO:0bOobOobOobobob

45 OO
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5 OO0

S OO0

gboobogo,0obbbooooobbooobobooobboooobobboo,oobboo
gobogoooboo,o0ob-0b0ooobooboobbooboon.
se00,00b00b0oobo0ooboboobooboboobobob.obooboobo
goooooboono.
Ohooobobo,boooobobooboboboboboboboooo,bobo
goobobooboooo,0coobobgobobooobobobobooo.obooooob
g,00ogoogobgbobobo,ooooooooooooobo,bobobobobob
goboobobooob,0ogoboooboooboo,bboobbooobooobo,
googooooboooboo.
@uoooooborphO00obOo0oobOOoobobOOoobobOO0oOobO00.obbooDboo
goooooooooooooo,0obobobobobobobobobobobob
googob.og,0booboooobogoboboooo,oboboooooboobobob
gooooo,0bboobdoobbobbooboobbooboobooobooboo
gbooo.og,ggbooboobuooboobooob,bboboobboobboboo
gboooooboobooooboooo.
@3oooobogob,0boooooobobob,0bobooboboboboo,b00bo
goboooooboobgooboo.oogbo,booboobooboo,obboboo
goboobbooboo,0booooboooobooobboobboob,oooobo,
gboboooobobooboboboobobobooobobooboboboobo
googno.
00, 00b0b0b0U0ob0bDobooobobDoobUobUo.bobobobUobo

googooboooo.
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5 OO0

(hoooooooboboboobooo,bobobobobobobooooooobo
gooboob.booboooobooboobooboobob,obob0 (~20H2)ODOOODOD
g-obobooboobooboooooooooooooboobob,bobg (230-270Hz) O

goog,0ogbboobooboobboooobg.

(2) Unimodal STW O Disturbed STWO OO UODODOOOOO0OOODOO0OOOO0ODOOOOO
O . Disturbed STW O 0O Unimodal STW O U DO ODOOO,000000000D00000DO
go,0bobgooboo,cooboboooobobobDobobobobDoLobOo,bo, b

googobooboobboobooboo.

@ouooooboooboobobobobooooooo,obobobobooooooobo
goooo.oooo,oooooo,bobobobobobobobob,b0o0b0-boon
gooboooboooobobooobooo.boobb,0goobooobbooboboo
gbbooobooobboobbooobboobbooobobooo.boo,bboo
gboogoooooob,0booboobooobooooboooooobo,boobbon,o
gbooobooobooboooboobooboboboooobo,obooboooobo @o)o

gboooobooboobbooboobooooobooan.

g0, 000b0o0boobooboobo,bbo22015sbo0bobbooboo,obog

gboogoobooboobb.0oboobboobooboboooog.

(hooboooo,booobobo,oobboobbbooobbooobbooobo
gooo,obobooobooobbooobooobb.oobooobboobboo
gbooooobooboo,gobbobobooboobobooboobobooobooobooo

goooooo.

gobooobo,0oobooboobboboobbooboobooboobo,oo

goooooooobo,bg,booboobooboobboob,0bo0obooboo
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5 OO0

gooooo,gbogboobogoboobogbobobobobobobobobobobob
go.0ogbobooooboobooogoboobooobobo.0ob,0bobooboboobob
goobgooobgoooobo,boobooboobobooboboobo,booob
gobooooooooooooooogo,coboobogoobooboobooo.
gboooooo,bobobooboobooboobobobobo,bobDbobobobLoon

gooooo.
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Appendices

Appendix A 0U0OOOOODODOOO

gboboooboobuoobboobuooboobboob,obooboboobooboo
U, 00b0000b0oboobooboobooboboobobobiU (Nishimura_efall,
2006). Fig. A0 0D000000DOOD000 7m 00 1mOO00000O0DOODOODO. O
goooboobobobooooobogooboobob.boboboboooobobOobob
oo oobooeotibooboobobooboDobobUog (Fig Ay, 0o0bogogon
oboooooooooogoooobogoonog Fg AaOpyoboooboooboooo.
goooooooooooooooo,coooo2b0bobobobobobobob
gbooooobooooo.

ooo,bo0bbogoooobo,m9b 20 10b00boob 8o 2obobogooo,o
gbooooobooboobbooboob,oboobobooboobobooobooobooo
U 0 (@Qhminatoetall, 1998). Fig. A2c 0 0000000000 1km (HVO) O, 1.5 km (GU9)
gbooboboboooooboboogobooo. o001 kmdbooooooD
O (Fig. B3). Ohminato et all (T998) 0 00 0O0OD0OOO0O0OODOOO0OODOOODODOOO
goooboob.boboo,b0boooobooboooooboobob,1-3gboobogoooon
g,0000g0b0ooogoboobogooo,bob s-1o000bobooooboooboob
gbooboboobuoobboobuobobob,obboobooboboobooboo
gboobooboooooboobo. oo, obboobobobooooboboobo 20000
ooooboo,0boobouooobobobo FigeA. 0boboooooobgoboon
goobooobooo.booobooobboobbooob,0oobbooboboo

gboboooboboob,ooobooobb.bboobboooboo,bbooobob,o
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ggbooboobooobooboooboooooboobooooboobooobooobon
gboo.oboooooobobooboooboboboobooobo,0oobo0obobooboob
gobooboboboboooooobogobobobooboo.obobooooobobOobob

googooobooboooboo.

000,00000000000 (Aadersonetall, 2010y 0, 00000 O (Fujita ef all,
D004; Fontaine efall, P014), 0 0 000000000 00 (Fukayamd, T988) 0000000,
00o000'00000"0000,000000000000,000000000000

ooooog.

Andersonefall POT0) 0 2007000 000000000000 0O0OO0O0OO "O"00OO
gbobobooooobobOo. Fg AS3O00D0O0O0ONDMO, 000000000000,
gobooooakotono)oooobooobobobooboo,ooboobooboooboob
gob00obO0oo0oOd. Fg. B0 NDMO 20070 90 22-2900000000.00000
gboobboobuoobboobuooboobbo,boobooboboobobooboo
goooooooooooo.goboooogooooooooo,,oooooooooon,
oboobobobogs;2,0o0o0o0boobobobooooobobobgoons;3, 000000
gooboooboo,obbooboboobbuoobobo obboobboobb,obboo

gboogooobo,bo0obooboboobooboo.

00000000000000000,20000000000000000000000
0O (Fonfaine eiall, ?0T4) 0, 20000 00000000 O (Fujifa efall, 2008) 0 00000
000.00000000000000000,RERFig. A)0000000000000
00O0,N-SO00000000000000. Fig. &R0 20070 40 500000000
00000000000000000000.00000000000000000000.

gbobooooobob,boboobobobooboboboobobon,boobo
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A DO0OO0ODOOO0O0O0OO0

goobobooooobooboobooooboob.boobobobooboobobo, b
goboooboooboooooboooobooogb.bobooobobooboobooboooobo,
goooooooooooogoooog,obgbobobobobobobobobob
o,0gboooboboooboobobobooboooobobL,0boboboobUobnooD
gobooboobooobooboooobooboobooboboDobooboooobbDOoD

ogoo.

00000000000 Db0O0O0O0O0O0L," 00000 bO0obOobOobOOoboobooOoD
000 (Fujitaetall,2004). Fig. A0 00000000 00O0O0O.20000 70 80,000
gooboooboobobobobobobob.0obobobobobOobOob,8bD 1BBUD
ob46000000000000 GOOODODODOOO,00D00DO0DODODAO,
Ub0odb IwradODOO0OOO0OO0ODOOOOOOOODOO)ODODOODO.0D00DODAO,
gobogoboobooooboboooobo,00oboob0oboooobobobog (Fg.
ATO). Joobooooooboooo,joooboboooobobDooboo,oooD
O06-7km, 00 N40-700,00 200000000000 0DO0OO0OOOODOODOD

000 (Fig. B9).

gboboobooboooboooboobobobboobooboobooobooonboo
Oo.000000,19860 11-120000000000,00000000000000O
UoobOobDooooboobDg (Fukwyama (MORR) OO0 O ODOOO0OO0OO0O0OO). OOODO
UO15kmO00000D00O0O (Fig. A0, GJK) U0 0000000 0ODOO Fig. A2, ATS,
ATap0g0.00000000ob00bobob0.oogbooobogoboobobobobon
Ul,o000o0oooboboobo200000.00b00200000,0000000D
goboo0o.0obbobbooboooobooboooobDobUb0obU0bU.Feg R ODOD

oobooboobogoO,Fg A0 0000oooooooboooobobobooooD
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U.Fg AT40 000000000 10000000000000, 0000000000
gbooboboobooooobo.ooboboboboobo,oobo0obobooboob
goboboobbooooooooooboo.198ebono,0boboobobogooooDoo
goboobooboobooboo.booboobooboobooboobooboo
gboooobooboob,oobo2000b0000b01bo0bo0obbooboo
o, 00bdobgobooobobogooboobooobobobobn.ooo0obO 1.5-2kmO
gbooo,000bbboooooboooboboooboboooboobooo,oboboo

gbooooboobooobbooobooaa.
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A DO0OO0ODOOO0O0O0OO0

(a) Stable Period (2004/06/10/ 01h06m)

2.0 micro radiar{
(b) Unstable Period (2004/06/10/ 14h23m)

e

Short Effusion

S

Long Effusion

0 10 20 30 40 50 60 70 80 90 100
Time (min)

Figure Al: 00000000 DOO0OO0DOOO0OOOOODO. ODOobOOoOobOOoOobOooog7
m 00 ImO00000000,0000000000000000O000D0O0OO0ODODO
(Nishimura_ef all, PO0OG, Fig. 3).
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Q
: 10
ES
0 1 ! 1 1
0 8 16 24 a2 40 43
HOUHS\
20 FEAST-WEST TILT AT UWEKAHUNA
E 0k
L
0

100 |- HVO VERTICAL DISPLACEMENT
20 il

-100 F
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7 8 9~ 10 1 12 13
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=
§ s
3 15
2 o

20

EAST-WEST TILT AT UWEKAHUNA
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C 1 1
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(a)

(b)

(©)

Figure A2: 000 00000000000000000. @HVOOOOOOOO, 19960
2010 80 (HST)O HVO O OO Uwekahunavault D 00000 4800000000 (O
0000000). )70 @ESTHOOD 60000000000000. (¢)00000000
00000000000 0000 (Qhminatoetal), T998, Fig. 2).
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A DO0OO0ODOOO0O0O0OO0

DEPTH (KM)

0.89 (100%)

=3
X
I 0.87 (97%)
o
]
a
0.85 ( 94%)

5

Figure A3: D00 0D0O0O0DOOOOOOOOODOOOODOOOOODO,HVO,STI, GU3, GU9,
4600 000000DOO0O0ODOOODOO.ODOOOO0OODOOODOOOODOOODOO
U00000000000 (Ohminatoef all, T998, Plate 1).
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A DOODOOOO0ODOOO0

(b)

GAS M <1

Figure A4: 0000000000 O: U000 0O0OO0O0OO0OODOODOOOOOOD
gobh.00booobbooobobooobobo,obboobbooobboobboo
goo,00boobgobobo.Gpuoobobobobooob,cooboboboooob
gbobooooboooobobooobbooo,obboooboobo,bboboooboboo
gooobooboobobooooogooboo.obooboboboboooobobobob

gbo,0b0o00bbooboobboobbooboobbooboobooboobooooo
(Ohminato_et all, T998, Fig. 19).
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s
1980s Lava Dome
2004-2008 Lava Dome e

™ .
157 147 13 10y 110 10 9 8
1200

Figure AS: 0000000000000 (Audersonefall, P01, Fig. 1).

Sep. 22-29, 2007

‘|' NDM |

3 wrad

0 1 2 3 4 5 6 7
Day of week

Figure A6: OO NDMOOOO 20070 90 22-2900000000000.0000O
0000000 (Anderson_etall, POT0, Fig. 5f).
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-21.15°

-21.25°

-21.35°

Figure A7: 000000000.REROOOOD 82km, 00 834mO0000000000
O (Fontaine et all, X014, Fig. 1).
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A O00O00OO0DbOooboob
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@ first collapse
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B

Figure A8: a: REROUJU0DOO0O00ODO0OO0OOO0O0O0O0OO0O0OO0D.RERODODOON-S
goooooboobooboooo,0cobboboboboooboboboooboobOoD. o
goboooooboooobo@oo)oboooooooooooooD.y 405000000
goooobobooboooboooob,oboobobooboboobobobooboo,0obgoon
gbobooooooboobobobooboooooobob.0obooboboboooon
oo0D,000000000000000D000000D O (Fontaine_et all, 2014, Fig. 3).
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34.14

34120/

34.1

34.08

lauuae, N

34,06}

34.04

10urad downward . - i

1=

34,02 = Lot !
139.42 139.46 139.5 139.54 139.58 139.62
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B 00 LUMPED PARAMETER MODEL

Appendix B [0 [0 Lumped parameter model

Wylid (1T999) 0 O, 0 00000 O Dissolved volatile contents, cO0 D OO0 00000, cOO
oooag,
Jc  Qu Oc ¢

== B.1
ot 7ra12v[ 0z 7’ (B.1)

gobob.oo,z0b0bo0obo,ggboboob.rO0ob0o0bobboboobo
0000000 (Volatile exsolution decay time). 0 [, Wylie et al (1999) 0 O pyglLy O 0O 0O
O0o00o0o.0b000 (Egs. B,8,8, 4, Ly) O, 000 Dissolved volatile contents, co O O 0 O

gooooo,

oc* , oc* .
% + QM@ = —I'nc’, (B.2)

000,Ty = (rad L) /(Qy7), 0000, Ty D 70000,c=cc*000.0000,0
0000000 1000000,
oV

S+ Qe (B 1) — ¢ (B, 0] = ~TwiVi, ®3)
M

ooo.000,Vy = 01 (i, 2*)dz* 000,V 00000 Total dissolved volatile content.

cooooooQyoooooooooon,

r
(8, 2") = exp l— 1:{42*] . (B.4)
M
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oo,

oV
ot

+ Qulexp(=I'n/Qy)] = —Tm Vg (B.5)
O000,000000000, Total dissolved volatile content VOO OO OOOO,
fing = exp [B(1 — Vi), (B.6)

oo0o.o0ooO0,p0000000000O0OO0O00O0DOODOOOODOODOOOODODOO

0.0000,Whd(999)000000000000000 dam/dty O,

*

ding _ T lrM log 211 — B{Tu - Qi (1 —eFM/%}] : (B.7)

g, QY

o

gooooo.

da (Q96) 00, 0000000000 a, 000000000000 ppo0000OO
0,0bbd el pUO00000O0ODOO0O0OO,DOO00d, Pressure purturbation,
peh —Pepo 000000000, 00000000000 CWOOOOH)ooooooooao

ooooooooogo.oooo,

_ 8L
pen — pugly = MOy = Pg, (B.8)
4
_ Qa
i = (0) , (B.9)
amM
d _
am am (pen pcho). (B.10)
dt 21,

ooo, Pe0O0O0O, n. O Effective viscosity of surrounding rock O [J [J .
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am = aoaly, ap = 2+/p1/nclnm, Po = PlnPE, P = PP 0000000000,

Py = Pjy—Gu = i@ (B.11)

- 1

M = o (B.12)
am

day .

T = (P = P, (B.13)

M

000.00,0000000000000 dav/dtg;0,

(Phi — Poio)
Qu

I,
dtm

—4P (B.14)

goo.

O00,Maeda OO0) OO, 00000000000000O0O0000, Ida@m96)O0000O,
Eq BE0)00o0oooonooono:
danm am (Peh — Peho) 1 d

_ @ tani(Pen — Pano) - B.15
p o, + TR dt{aM(ph Peho) } (B.15)

000 G, O Rigidity of surrounding rock. 0 00000000,

dw_ (pl\jl _ GM) Py — Plio + O(Qinr — Qit). (B.16)

it % T~ 6P~ Piyg)
DDD,@:PHM/QGTDDD.

Rarmimefall OO2) 00,0 0000000000000, 00000000O0O0ODOO
O . Nakanishi and Koyaguchi (P00R) [ , Barminefall (COO2) DO DO 000000O0O,000

gobooobooobbo0,bbdd«+00000,000 w00 pe (1 < p)00
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goooboooboobobobobobo.bobobobobo,0obooooobooboobo,

ryOo0ooooooag,

B 1 (zy > Lwm)
pNv = (B.17)

prey+pz(Ly—zv)
Tt (zv < LM) ,

goooaoo.

gboo,obooboooboboobooobg, m—2yv=Ly0000O0O,

H1 (LV < 0)
o = (B.18)

Ly—L L
w1 (L L;;)wwz v (LV >0)’

booobooobooooo.boob,oboooboooog,bobobobobobboboboo
gbobooboo,boobbooobooboboobobo.oobboobooobooboobn,
goooboooo,LyOobobooo,Lyobooboboooooooobo,0ooboon

oooboo ,0oo.

LyO,r» 000000000,

b Quls)

Ly = Ly — oy (t) = Ly — 5
t—tv 7TaM

ds. (B.19)

goood,

dLy _ Qu(t) — Qu(t — tv)
> :

B.20
dt Tay ( )
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0000000,000,a4=pw/m0000,2y=Lvay, Ly =Lyl 0000,

1 (3 > 1)
ml = (B.21)

w4 Al - ay) (e < 1),

1 (LY < 0)
= (B.22)
1— LY+ ply, (Ly > 0),
* * ti{{ *
th—ty
dt*v = - dt*v = —Qu(tym) + Quty — tv), (B.24)
M M
O00o,00,0000000000000 dﬂM/dtf{/ID,
0 (LY < 0)
din/dty; = (B.25)
. dL* ¥
(- DT (L >0),
0 (L3, <0)
= (B.26)
—(0 = D{Qu () — Qut — &)} (L3 > 0),

gooobobobooo.booo,0gbobooooboobo,ooooboobobob

ooooooooo.

gbobobobobobobob Eq B3 booobon,

S ) o~ b () 4 2 (- D Al
Qultny —tv) =~ —Qu(ty) + R (M o ) (B.27)
* * 2 ~ — %
= —Quty) + m (o — fiyy) - (B.28)
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oo00,Ly>000,00000000040,

dpyg - ALy . . b=y 1
— 1 — 920 —1 — . B.29
s, (4 )dtia (f1 )( M g, (B.29)
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AppendixC 00000 0OOOODOOO0OODOOODODOOOOO

gbooooooooo,bobobo(@ubi,w,,0000,w,) 000000000000

= — (C.30)

000,z 0000000,r, 000000000000, k0000000 «0O0OO0OO

Ap,, 00000V, 00000 »,000 peO0O00O0O00O0O0O0O0OO.

1 —
k= Va3Apg =
e ™

v, (C31)

gboobobob eH)obobobobo eyoboooooooobooooog.

ou 22— 9p 2
& = 3 r ::k444544444357§ (C.32)
g (Z; + rgz)
1
& = o = k—3/2 (C.33)
T
g (zg + r92)
00,00000 ¢)0000000000000000.
B 3
5 = 5”:k——ﬁﬁgﬁ (C.34)
g (zg + rg2)
00000000000000O0 ()00000ooono,
22 —2r,2
g=r_ e 7 (C.35)

T
. 2 2
¢ Zg+Tyg
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0000000 z,00dooooooon.

r (C.36)

00,z 0000,00000V,00000000000.

5/2
AVy=—" f=-—" (5 +rv°)
I 1—v  1-v 23—21“92

(C.37)
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