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Integrated study on mitigation of multimodal disasters caused by ejection of
volcanic products : Master Plan Image

(. )
Component 1 Development of total observation system

[ Volcano monitoring J{ Hydrological observation and }{Rain and ash clouds monitoring}

sediment movement monitoring by radar
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Component 2 Component 3 Component 4
Forecasting and real-time Forecasting multimodal Forecasting influence on airlines
estimation of discharge rate sediment disasters due to volcanic ash
( Database and scenarios of ] : : f : : : ]
precursory phenomena and Modgllng of multimodal ppgraQ|ng of dlsper3|on
: . sediment movement simulation of volcanic ash
L volcanic activity
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Modeling of discharge rate Integrated GIS based Early warning system of
of volcanic products simulator volcanic ash cloud
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Component 5 Integration to support system of decision making

Promotion of utilization of the support system
of decision making

ion and seminar for consortium members

[ Integration of sub-systems

Foundation of consortium, sharing infor

Project Purpose: Utilization of the descision mak@s/ystem to volcanic and sediment hazard mitigation
by national and local governments




Crater
Area

Warning

Alert levels in Japan

Level 5
Evacuate

Eruption or imminent
eruption causing
significant damage to
residential areas

Evacuate from the danger zone

Level 4
Prepare to
evacuate

Possibility of eruption
causing significant damage
to residential areas
(increased probability).

Those within the alert area
should prepare for evacuation.
Those requiring protection in the
event of an disaster must be
evacuated.

Level 3

Eruption or prediction of
eruption causing
significant damage to
areas near residential
areas (entering area is life
threatening).

Level 2

Eruption or prediction of
eruption affecting area
around crater (entering
area is life threatening).

Level 1
Normal

Little or no volcanic
activity

Normal life

Do not approach
the volcano

Do not approach
the crater

No




Present alert level in Japan November 2015

Alert levels issued by JMA
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Daily number

Monthly number

Increase in seismicity of v
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Inflation of ground around the crater
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Displacement obtained by GPS campaigns



Displacement ( cm)

Corresponding inflation to increase in
seismicity

Location of GPS (SDW)
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Change in total intensity [nT]

Heat accumulation revealed by
geomagnetic total force
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Increase in geothermal activity

Appearance of new fumarole

October 19, 2006

February 26, 2005

)’l;!‘ HEORK

October 4, 2008

Airborne survey by infrared scanner : |
April 7, 2014 (4 months before eruption)



Lon -term mcrease in volcanic activity

07 |08 |09 |10 |11 | 12 13
Eruption

Increase in fumarolic activity v :

L R LN LE Fumarole in south wall

Appearance of geothermal anomaly
Accumulation of heat

\nflation of cratef

Inflation on the
flank

SelsmICIty InCréase Correspondence of seismicity and

deformatio
Increase in seismicity and §E0tREHEISCRVIB/SUREIEraIEr]
Deep to shallow

Initial activity

Stable at high
level

Intrusion of
magma

Event dominant



Upward tilt immediately before the eruption

Tilt change ( urad)
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Kuchinoerabujima eruption on August 3,
2014

Mostly phreatic (slight effect of magma)

~ /M ¢ '.' 13 s 9
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Pyroclastlc surge AIST and DPRI, 2014

Monitoring camera by JMA, Time lapse rate x8

Alert level stayed at the lowest level 1 before the 2014 eruption and was upgraded to 3
after the eruption occurred.



More intense precursors to the 2015

eruption

. . Eruption
Daily number of volcanic earthquake 1 P
300 | 288 = 0.01
280 1 ! |
I -4 0.00
07 Siope-dist ' |
| Slope-distance Fruptioh | :
07 1 : 1-001
20 - :
J Seismic station clanged
0 I I I I I I I _002
5000 Jan Feb Mar Apr May Jun’ Jul ‘Aug Sep Oct No" Dec Jan Feb' Mar Apr May Jun
1 | 5
4000 4 Alert level 3 ]
|
30004 1 I
2000 - :
_ ) |
1000 ] SO, discharge rate
0

Jan IFeb'Mar'Apr'May'JunI Jul IAug'SepI Oct 'Nov'Dec Jan IFeb'Mar'Apr'May'JunI
2014 2015

Sobe distance )

20, 132t

“Yakushima

Slope:distance by GPS

Volcanic glow from March 24, 2015



Eruption on May 29, 2015
Volcanic cloud reached 10 km
high. VEI 1-2. After the eruption,

... JMA upgraded the alert level to 5
AN S S S ~ (max) from 3. All the residents
- N __evacuated from the island.
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Comparison of precursors before 2014 and
2015 eruptions= = =Much intense activity
before the 2015 eruption
| |2014eruption |20iSeruption

Duration 15 years 10 months

Seismicity Increase in volcanic Felt earthquakes on Jan
earthquake at quite 24 and May23 (M2.6) at
shallow depth beneath depths 2-4 km at western
the crater flank

No felt earthquake

Ground deformation Concentrated the crater Detected on the flanks

Discharge rate of SO2 300 ton/day (2008~ Maximum 4000 ton/day
2009)

Surface phenomena Only increase in fumarolic Volcanic glow after March
activity 24 (higher geothermal

No volcanic glow activity)






Lahar due to heavy rain fall

Kyushu Regional Development
Bureau, MLIT

TFaken from Helicopter Harukaze

Hourly precipitation ( mm)

June 1, 2015
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Eruptive activity after the 20" century

" 2011

Minamidake crate
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Increase in explosivity at the Showa crater of
Sakurajima volcano
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Hypocenter of VT earthquakes and
P-wave velocity structure

Depth: 11km
DV: +8x10’m?3

5cm
B Observation
°ONEG Fix
3 4 5 6 7 No VT earthquakes occurred in Dec 2007 - Dec 1996
[ — low velocity zone including the Horizontal displacements by GNSS

Velocity [km/s] pressure source.



Vertical displacement of the Aira caldera
-Precise leveling-

Lava: 1.3x10°m3

cm 1914 eruption
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Increase in volcanic activity
before August 15,,2015
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Formation of lava dome in craters

January 23, 2015
Lava cake in the Showa crater

Lava cake in the Minamidake crater
on May 29, 1967
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VT earthquake swarm on August 15
Alert level upgraded to 4, evacuation order
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Hypocenters of VT earthquake on
August 15, 2015
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Seismicity and ground deformation
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Horizontal displacement detected by GNSS
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In-SAR (ALOS2)
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31°36'

31°30'

Modeling by tensile crack
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Volume increase:
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Main magma reservoir
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Past volcanic activity and future scenarios

Activity from 1990’s to 2006

1993- 2003-2004 2006 2006-2007
s In.ﬂatlon — §e|5m|C|ty Ly Inﬂatlo.r.1 Increase Phreatic eruption
Aira caldera increase Sakurajima thermal Showa crater
2009-present ‘1, Type of 1946
Magmatic eruption ___ Increasein > Strombolian ____ Lava flow
at Showa crater inflation rate Eruption 0.2 km3
! A
!_ ____________________________________________ '=r--> Very long-term activity
! ! Total 0.1-0.2 km3
| |
| |
i_ _____ Seismicity | Inflation Resume _i____ Long-term Vulcanian
! Sakurajima | Sakurajima Minamidake : Total 0.1-0.2 km3
i ? i Type of summit eruption
b Seismicity Sakurajima | Large inflation i_ _____ 1____ Flankeruption
! Felt earthquakes Sakurajima ! ! 1-2 km3
|
' _ T : I Type of 1914 flank eruption
Inflation Seismicity in ! I
Aira caldera wide area ! :
A ! i
| L
I s Increase in | Inflation B A |
seismicity Sakurajima




Increase in precursory VT earthquakes prior

to the 1914 eruption
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Lahar of Sakurajima volcano

OFrequency of mudflow depends of ejection rate of volcanic ash
OSediment disaster continued for longer time than volcanic eruption

x10%on | Annual weight of volcanic ash
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National sabo project started in 1976



Lahar of Sakurajima volcano after increase in
volcanic ash ejection
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- X-band MPgrgggr for Sakurajima
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Tilt change (nano radian)
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Direction of downward tilt due to lahar
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Support svstem of decision making
Architecture of GIS-MSD Simulator

(Consortium DMember |_8 Member
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«» Member
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. Gs)
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X-band MP radar DB . -Lava flow
Slm" Scenario Making . PerC|aStIC flow
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MSD Simulation
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Support system of decision making for
Sakurajima volcano

University of Tsukuba
Install at Sakurajima Volcano Research Center l

Volcanic activity User-IF/API : MSD.
simulation
X-band MP radar Simulation-IF/API prLograms
ava flow
Scenario making support Pyroclastic flow
Precipitation engine Lahar
Watershed runoff
Pre-analysis Processor of IF/API Flooding
(simulation) ‘
Scenario DB-IF/API
On demand PUFF
simulation i
Obs-IF/API simulator
Database

Seismic data : x-band MP radar Pr.eC|p|tat|on
Ground deformation Sediment (MLIT)




Simulation of pyroclastic flow by SSDM
Application to Kuchinoerabujima volcano
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Detection of volcanic
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Explosive eruption and non-explosive
eruptions

Explosive eruption
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Non-explosive
eruption _
Volcanic tremor round deformation

N N
W:“EAI* ;/+,BZVZ. (g: correction)

W : weight of volcanicash (ton)

A : power spectra of seismic tremor (2 —3Hz)
V : volume change of pressuresource (m”)
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Estimation of emission rate and volcanic

plume height
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Simulation of dispersion of volcanic ash by

Sakura-jima
Start_time: 2015/03/25 14:00 JST
Prediction: 14:00 JST
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Simulation of dispersion of volcanic ash
by PUFF model
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Volcano council for Sakurajima

_ Sakurajima volcano explosion
Core group easures Council
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Simulation of dispersion of volcanic ash by
PUFF model _—
ours later
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Grand Design

of the Project

Component 1 (G1)

Volcanic Hydrological
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Support system of decision making (SSDM)

National and local governments, ,
Integrated operation
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