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Abstract

Volcanoes with shallow hydrothermal systems are often accompanied by background volcanic
activity such as fumarolic activity, microseismicity, and ground deformation even in the non-
eruptive phase. When elevated, they are said to be in a state of “unrest.” It is not difficult to
imagine that such events of unrest reflect changes in the state of the shallow hydrothermal system
beneath a volcano. However, there is currently no method by which these events can be used to
quantitatively evaluate eruption imminency or predict eruption intensity based on physical and/or
chemical models. A potentially useful application of such unrest events for probabilistically fore-
casting eruptions is discussed. First, the method proposed by Hashimoto et al. (2019) for compil-
ing and evaluating the sources of unrest events, such as thermal demagnetization, is described.
Then, the volcanic unrest index (VUI) of Potter et al. (2015a) is proposed as another key tool.
Finally, a concept is proposed for integrating the VUI and the unrest data to make probabilisti-
cally forecasting eruptions feasible. Also described is a recent attempt to introduce the VUI for
evaluating a volcano in Japan. Information on sources of unrest in the form of the scatter plot of
Hashimoto et al. (2019) can be used as one of the rating criteria on the VUI worksheet. The key
idea is to divide the source diagram into regions based on the probability of posterior eruptions
given unrest events and to assign VUI scores to these regions. Such a procedure may augment
the VUI’s function, partially enabling probability-based eruption forecasting. Irrespective of
whether the VUI is applied or not, it is essential to obtain temporally homogeneous monitoring
data during both eruptive and non-eruptive periods for a quantitative evaluation of unrest
events. Surveys and analyses carried out regularly over long time periods also play an equally
important role. Therefore, to realize of probabilistic eruption forecasting, it is fundamentally
important that monitoring networks are run properly and the data are shared appropriately.
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Fig.1 Background volcanic activity and state of “unrest”
of a specific volcano with respect to a specific
monitoring index differs from other volcanoes.
For example, normal activity level at Volcano A
can be unrest at Volcano B, while an unrest state
at Volcano A can be in the background range at
Volcano C.
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Fig. 2 Magnetic moment rates assuming a single dipole
model, based on reported geomagnetic total field
records (unrest events associated with the ther-
mal demagnetization). Horizontal axis indicates
source depth from ground surface. Event names
indicated with symbols are the same as in Fig. 2
of Hashimoto et al. (2019), except for the newly
added demagnetization event at Iwoyama, Kiri-
shima Volcanic Group (Iw), which was observed
from February 2017 to February 2018 by Kago-
shima Local Meteorological Office, JMA and Re-
gional Volcanic Observation and Warning Center,
Fukuoka Regional Headquarters, JMA (2019).
Symbols of erupted events posterior to the unrest
are circled. Refer to Table 1 for other events.
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Table 1 List of demagnetization unrest events shown in Fig. 2.

Volcano/Crater name Event Period of analysis Eruptions and eruptive activities
name (Year.Month) with potential relevance
Meakandake/ Mp11t 2008.09-2009.09 2008.11 phreatic eruption
Pon-machineshiri cr. Mp2 2013.06-2014.06
Meakandake/ Mn 2014.08-2015.09 N/A
Naka-machineshiri cr.
Tokachidake/62-2 cr. Tk 2008.09-2009.09 N/A
Tarumae/Summit cr. Tr 1999.07-2000.10 N/A
Azuma/Oana cr. Az 2004-2009 N/A
Adatara/Numano-Taira cr. Ad 1997.07-1998.06 N/A
Kusatsu-Shirane around Ks1 1982.11-1985.10 N/A
Mizugama cr. Ks2 1988.09-1991.09
Ks3 2014.05.08-2014.05.31
Aso/Nakadake 1st cr. As1t#*1 1989.09-1989.11 1989.10: Strombolian eruption at new vent *1,
1989.11: two explosive events *1,
1990.04: mud explosion *2
As2 1 %2 1990.02-1990.04 1990.09-12: three new vents opened,
1991.01-02: Strombolian eruption,
1992.04-09: mud explosions w/ash
As3 2001.01-2001.12 1992.12: two new vents opened,
1993.01-03: Strombolian eruption to intermittent
mud explosions
As4 1 %3 2003.01-2003.09 1994-1995: frequent mud explosions,
1996-2000: sporadic mud explosions from water pool
As5 1 %4 2007.01-2008.12 2003.07: mud explosion w/ash *3,
2004.01: mud explosion w/ash,
2004.02-09: small mud explosions
As6 t *5 2009.10-2011.04 2005.04: mud explosions w/ash,
2006.03-06: small mud explosions,
2009.02: small explosion w/ash *4
As7 1 %6 2013.01-2013.12 2011.05-06: small explosions w/ash *5,
2013.07, 10-12: small mud explosions *6
As8 1 %7 2014.10.02-2014.11.25 2014.01-02, 08: small eruptions w/ash,
2014.11-2015.05: magmatic eruption *7
Kuchinoerabujima/ Kelt 2001.05-2002.07 2014.08 phreatomagmatic(?) eruption
Shindake cr. Kc2 1 2003.06-2004.06
Ke3 t 2004.12-2006.01
Kca t 2006.09-2007.10
White Island (NZ)/1933 cr. Wil t 1970.11-1971.07 1971.07 eruption at south of Rudolf vent
Wi2 2005.02-2006.02
Kirishima Iwoyama/ Iwt 2017.02-2018.02 2018.04 small phreatic eruption
South and West crs.

BATHNCE, IEEALEFRRICHE T 2 WO H 2 KB L ORREN RS AR L2, A XV M50 R & K
1, TOBOBERIMSITONTDHDTHL I EERT. FEIIIOWTIE, SAGTOKINEBFZEE B X OHKIIREES
41 (RUT, 2013) 2BHL, KETOHHT [BA] & ENTUARVWBIGIER -V FMETRLZ. FERLIZOWTIEA X
Y MNEBL D, RRTY 2 IEEIARE B HR LR OISR E ERE T TRL TV .

Eruptions and smaller eruptive episodes that are potentially relevant to unrest events are listed in the rightmost col-
umn. Upward arrows indicate events related to posterior eruptions. Regarding Aso, this part is mainly based on volcanic
activity reports of the Japan Meteorological Agency and the 4th edition of the national catalogue of active volcanoes in
Japan (JMA, 2013). Note: activity that is not termed “eruption” by the JMA is indicated by boldface. Numbers with an
asterisk are attached to clarify the correspondence between an unrest event and an eruption.
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Fig. 3 Image of the VUI worksheet. Simplified version of original worksheet from Potter et al. (2015a).
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Fig. 4 Conceptual scatter plot of source intensity versus
source depth, demonstrating a statistical evalua-
tion of unrest events (modified after Fig. 5 from
Hashimoto et al., 2019).

WC, BAIR ETHEEESEL, ToIH LT,
BIZIZULTFOL VUL AT 2E YK TS
EWTRETH L. KHPOLTHO Ny 71X, £h
VAN HE OB 2 W TH 5, HINTE
HVIT ETHRERAR . (F721355v) 2L 2 EIR
LTwW5%y, b LIOMHEBICTa Yy hE3hbFS
B S 284, L Gl 7 — & 25
Bt v 22 WHAIZIZA T 7 0 (no unrest)

T 5, FOELED, R IVORDGAT HHIE
&, AR EDEBZITEEEDHHR L T
WV, TZIZIE A7 1 (negligible unrest) %
N BThH, HHIOEDELED, < NVENY PR
FE3 A MBI A 27 2 (minor unrest) B L U3
(major unrest) &9 5%, EHIZELD, NYOD
HENOBDTATT B I, GEIAR E DOFBI%
TR LTWAEDT, 237 4 (heightened
unrest) *EH YU T2, TOX4 %2 H5FHik
i, L&D EDPEBOKINOER Z LD 7GR
HEOVTWB2D, EARMIZEDOKNIH LT
ZOEFHATED LV SN DH D, 72721,
HHEFROHEEICIZEFTVENALTVD I EIZIEH
BT VUEPDH D, &b, HBHEOAE % LY

WIRGETE A1, WU I BT o7& %
g LC, MEfBliliiskorEmaibss (KR4
ST7DMEE) L VUL A7 Z5 T sEwn)
R FFHRETH L, THEHEOT—27 ¥ — Tl
FOHRXEFHL T2,

Dk, FEARIED (2019) O CHEE L 722
HOIEE A% %E %, Potter et al. (2015a) A%
EZL7- VUL OFHEIEHE & L CTHlA AT FIHIZ
DNTRRFEL LBz, KA ¥ M, HEIAL
EFBHOWKOFEM (%), HHIARERH
E WK ORFRESE) (2 FED W TR X % SIS 50
F, ZFRIKHLTVUI AT 7 2E DB TS EWN
VEZFTHD, TOMMAZIY AL I LI
X0, VULIZBKEEFR PN R R RE % #7728
LI ENMEEICLZIETTH D, WBHIERIZOW
ThH, MUFMCTHAAL Z L IZFEAYICTEET
HHHID, GO H, KATHYST B AN
T VUL X 2 7RIS S8 5 720 DB A9
FLTETBLT, WHAKEZEO S5 %5540
U & B T O DS ETH B

FICHM LA L), VULIZZHHO 7 — %
Ol % FH L CHIT 2D THSHA, §C
DFFHIE HICDWT, IFEIARZE & K o [l Ry
R Sk 2 AN D 2 L IFFERBITIEEEL
Vo BIZAE, RIMEREO AR, e ok
2L o> TEEREHAZEFHMEHE OO L DT
BB, Ny TIYy FORBEIZKILIT &I
KRESELD L, FIEMEIEBINAOAMEIC D5 <
AT 5, ZD0D, B A XY MIDWTIT->
iy oKL F— %2 F Lo TRIET
FHEZRA2RNTHA I LzD->T, wRe
T 5 RKINDTF — & DB ID W TEAM LA 2 VR
T5HIEIChb, LML, FARERZEHRTES
FREE 155 % MU DTG EY AL AE & UK DG A
W= & LTHET L7 —A3MHTHHS 9. &
D XD BEAITIE, Vo2 AR RE R AR o
F— ¥ #W_T, VUL 2 a7 o BBEEZ o
FHMEEE & RE CAVEDLRWE ) ISHET L%
L, HLERTH RS ELT S5 245
WEA9, FNTH B, VUL IZX 5 HRBIL, 4
DIHEANL EFR ORI Z EBIICHHTE 2

— 779 —



L) BT, AR HBREOEIMIGET S BTD
EFERIIEZERZT VA,

V. & & &

AR, KINCBIF2EHoE=5") ¥ 7
WTHAM S NDIEEAREFHL %, ERmYRIEK
T ED L HITHTHEHTE BNIZOVWTE R 2
BARMICIE, BAIE 2 (2019) A93AT L7z, 2
THIEES OIS B AL E F R ORI - Sl 0Tk %,
Potter et al. (2015a) DO EZ L 72 KING5H LG
¥ (VUD IZH) ANRSZET, BAERTHO
BB 2 VUL ICHLAGAD B W REVE 2 8720 F72,
HHSHPROEWM D MATNS, bAEDOKII~D
VUL EADKMZOWTHRI Lz Dok d,
HURCIIAITHROBRECTH b, M Tl % T hE
295121, 4%, WAL ERLOHM L L
CER LTI S %\,

VUL Z WA 2EPCE ST, AL EH
S OEETM %MD B 1T, WK IR KR %
WL THELE=ZY) VBT — 50355 2
EHAREMCEETH 5o dHBillTldi T,
Rz TEHAT DT SRR o0
b7, ARICKREREHEZR T, Lo T,
BB 7 — & 25HY) R CHK - S
5 2D, TFROWKMER TR OFEHAIZIE R A
T2\,

B

FTHEO VUL T — 27 ¥ — FOMEICH 2o TIE, A
ST X AR B0 S M E O BN E - A -
KITHLE - GNSS Ol 7 — % % TR W2 72w 7z
(GNSS 7 — & O — LA E LA A Febert - I ar
FEATOBIINC X %) AWFZEIL, SCERMFEICL D TH
EOBIRICTIRT 5 720 O - KIDEIAFZeE T (45
2) | OXEEZ 2o ARRONEDO—FIE, WFFeH
HELOBRRLWSR, T—F% 7 - FV—TTDifm
RVEERZMUTELEZANKE V. WRERICES
HL T3, %3, AR, 20204 1 KR TR
NTKESRRKD A A = X XY 5 EE WS TS
MEH L Z2NEICHETORE L 2T, IVEDO VUI
ERAREEMA D D TH D, WS TIE, VUID
EHEB TH 5D Potter K& ik T MR EMTRERE

FTho7oo WS ZAMMH LCTFE o 72zl g i
FHEFEI IS H L 1 5,
=3
1) English translation of this article is available at
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