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There are many volcanoes in Japan, and their activity is closely connected to our
daily lives. While we receive many blessings from volcanoes, including won-
derful scenery, hot springs and rich soil for agriculture, volcanic disasters also
occur as a result of eruptive activity. Accordingly, the Japan Meteorological
Agency (JMA) observes volcanoes in all parts of Japan to mitigate the effects

of damage from volcanic disasters.

If an unusual event is detected and deemed to be the precursor of an erup-
tion that may influence people living nearby, we issue information such as

Volcanic Warnings.
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/O)ﬁﬁ Location of Active Volcanoes
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Among the world’s 1,500 active volcanoes, as many as 111 are located in Japan, where “active” is
defined as a volcano that has erupted within the last 10,000 years or so, or one exhibiting obvious
current fumarolic activity.

BEZED;FNILD7 I Location of Active Volcanoes in Japan
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111 Active Volcanoes in Japan
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Shiretoko-lozan
Rausudake
Tenchozan
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Atosanupuri
Oakandake
Meakandake
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Taisetsuzan
Tokachidake
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Eniwadake
Kuttara
Usuzan
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Niseko
Hokkaido-Komagatake
Esan
Oshima-Oshima
Osorezan
lwakisan
Hakkodasan
Towada
Akita-Yakeyama
Hachimantai
Iwatesan
Akita-Komagatake
Chokaisan
Kurikomayama
Naruko
Hijiori
Zaozan(Zaosan)
Azumayama
Adatarayama
Bandaisan
Numazawa
Hiuchigatake
Nasudake
Takaharayama
Nantaisan
Nikko-Shiranesan
Akagisan
Harunasan
Kusatsu-Shiranesan
Asamayama
Yokodake
Niigata-Yakeyama
Myokosan
Midagahara
Yakedake
Akandanayama
Norikuradake
Ontakesan
Hakusan
Fujisan
Hakoneyama
Izu-Tobu Volcanoes
Izu-Oshima
Toshima
Niijima
Kozushima
Miyakejima
Mikurajima
Hachijojima
Aogashima
Beyonesu(Bayonnaise)Rocks
Sumisujima(Smith Rocks)
Izu-Torishima
Sofugan
Nishinoshima
Kaikata Seamount
Kaitoku Seamount
Funka Asane
loto
Kita-Fukutokutai
Fukutoku-Oka-no-Ba
Minami-Hiyoshi Seamount
Nikko Seamount
Sanbesan
Abu Volcanoes
Tsurumidake and Garandake
Yufudake
Kujusan
Asosan
Unzendake
Fukue Volcanoes
Kirishimayama
Yonemaru and Sumiyoshiike
Wakamiko
Sakurajima
Ikeda and Yamagawa
Kaimondake
Satsuma-lojima
Kuchinoerabujima
Kuchinoshima
Nakanoshima
Suwanosejima
lo-Torishima
Submarine Volcano
NNE of Iriomotejima
Moyorodake
Chirippusan
Sashiusudake
Odamoisan
Etorofu-Yakeyama
Etorofu-Atosanupuri
Berutarubesan
Ruruidake
Chachadake
Raususan
Tomariyama
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Eruption of Kirishimayama (Shinmoedake), 2011
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At Kirishimayama, eruptive activity began with a phreatomagmatic eruption at Shinmoeda-
ke on 19 January 2011. On 26 January, subplinian eruptions occurred, and large amounts
of volcanic ash and lapilli pieces with radii from 4 to 8 cm fell in Miyazaki and Kagoshima &I (BidE) — E:X (F23F1827H)

prefectures. A lava dome that appeared on the crater floor on 28 January had grown to 600  Eruption at Kirishimayama (Shinmoedake) (27 Jan. 2011)

m in diameter by early February. Explosive vulcanian eruptions repeatedly occurred; a
ballistic projectiles reached a distance of 3.2 km from the crater, and air shock broke windows at the foot of the mountain on 1 February.

RN/ X  FK265F9A
Eruption of Ontakesan, Sep 2014
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Ontakesan erupted at the summit on 27 September 2014, for the first time in 7 years. The ash
plume flowed eastward and rose to an estimated height of about 7,000m above the crater. In
addition, the aerial survey conducted by relevant organizations showed that ballistic projectiles  gmeti|| — wprs (Egg2eE9827H)

were scattered about 1km from the crater row and pyroclastic flows reached about 2.5km to the  ontakesan - Pyroclastic flow (27 Sep. 2014)

southwest and about 1.5km to the northwest. The Fire and Disaster Management Agency reported
that the total number of missing and dead was 63 persons (as of 6 November 2015).
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Eruption of Kuchinoerabujima, May 2015
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Kuchinoerabujima erupted at Shindake crater on 29 May 2015. Pyroclastic flows reached the
northwest coast of the island, and an ash plume rose to over 9,000m above the crater. As a result,
JMA issued a Residential-area Warning and raised the Volcanic Alert Level from 3 to 5, and all
residents of the island were evacuated. This was the first level 5 warning since the launch of the O x p#E — Bk (FER274E58298)
Volcanic Alert Level system in 2007. Eruption at Kuchinoerabujima (29 May 2015)
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Eruption of Kusatsu-Shiranesan (Moto-Shiranesan), January 2018
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Moto-Shiranesan’s first recorded eruption on 23 January 2018 scattered ballistic projectiles up to
more than 1 km from the crater. It was not preceded by any particular changes in volcanic activity.

The Fire and Disaster Management Agency reported 1 fatality and 11 injuries (as of 23 February
2018).

SRERIL (FBRIL) — KO5) (FR30%4H268)
Moto-Shiranesan - Craters (26 Apr. 2018)
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Volcanic eruptions can cause hazardous volcanic phenomena, including large and small volcanic projectiles, pyroclastic flows, snowmelt lahars, lava flows,
volcanic ash and volcanic gas, and produce disaster conditions in some cases. There is also elevated potential for mudflows and debris flows after heavy

rain in areas covered with volcanic rocks and ash. In particular, ballistic projectiles, pyroclastic flows and snowmelt lahars offer little lead time for evacua-
tion after the start of an eruption. These highly hazardous volcanic phenomena are positioned as highly significant in disaster prevention measures.

K& LB A Large Projectiles (Ballistic Projectiles)
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Volcanic projectiles can cause injury or death as well as damage to buildings, vehicles and roads. JMA defines

large volcanic projectiles as objects exceeding around 20 to 30 centimeters in diameter. These are minimally
affected by wind, and follow a ballistic trajectory.

K§e%E Pyroclastic Flows
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Pyroclastic flows are rapid downward currents of fragmental materials (tephra) and volcanic gases ejected from
volcanoes, and can result from collapses of large volcanic columns and lava domes. Such flows have tempera-
tures of hundreds of degrees and travel speeds exceeding 100 km/h, making them impossible to outrun. Large

pyroclastic flows may spread over wide areas, and are extremely hazardous because of their potential to bury,
destroy and burn up everything in their path.

KR Lahars (Volcanic Mudflows)
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Lahars are mudflows consisting of volcanic products and debris mixed with water. They can cover large
distances, and are caused by snow and glaciers melted by volcanic products (snowmelt lahars), influxes of tephra

into water areas, overflows volcanic lakes, emissions of volcanic hot water, and outflows of volcanic products
associated with heavy rain. They can cause major damage to roads, buildings and farms in their paths.

B Lava Flows
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Lava flows are currents of molten rock. Although the speed of lava flows depends on several factors, including
their temperature and composition and surrounding topography, they generally move slowly enough for people
to evacuate in time. Their extremely high temperatures mean that everything in their path is burned, including
buildings, roads, farms, forests and residential areas. The land they cover becomes buried and barren.

RINRP /N BIER. BREDIT R Volcanic Ash and Lapilli and Debris flow
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Volcanic Projectile of Asamayama (4 Aug. 2005)

EEOXFER (FR65E6A240 H5)
A pyroclastic flow from the eruption of Unzendake
(24 Jun. 1994)

FHWLORR (F12F6R14H 1532)
Structures damaged by mudflow of Usuzan
(14 Jun. 2000)

FEABEADBET (BH615E (19865)11 198 1§%)
Lava flow during the eruption of Izu-Oshima in
1986 (19 Nov. 1986)

ZEEORKR (FR1297A168 &%)
Ash Fall of Miyakejima (16 Jul. 2000)

Small volcanic projectiles of around several centimeters in diameter under JMA’s classification are affected by wind, and can cover extensive
distances. Even small matter follows a ballistic trajectory and can cause injury or fatality around the crater. Volcanic ash consists of fine particles of
less than 2 millimeters in diameter. It can be blown over wide areas and affect agriculture, transport and buildings.

Areas covered with volcanic ash and projectiles are associated with a higher potential for mudflows and debris flows even with small amounts of rain.
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I ﬂEW%iﬁ ° ﬂEW%#ﬁ Volcanic Warnings
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JMA issues Volcanic Warnings and Volcanic Forecasts based on the results of observation, monitoring and evaluation to mitigate the effects of
related disasters for 111 active volcanoes in Japan. When extremely hazardous volcanic phenomena (such as ballistic projectiles, pyroclastic flows
and mudflows caused by snowmelt) or expansion of affected areas is expected, Volcanic Warnings are issued for areas where extremely hazardous
volcanic phenomena are expected. Volcanic Forecasts are issued when Volcanic Warnings are lifted. Volcanic Warnings for residential area are
issued in the classification of Emergency Warning.
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I HEW%FI‘E IJ’\} IJ Volcanic Alert Levels
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Volcanic Alert Levels describe target areas and recommended action to
be taken by disaster management organizations and residents in five

levels depending on volcanic activity. T —

In line with the Act on Special Measures Concerning Active Volcanoes, —__(
which stipulates basic guidelines for comprehensive promotion of HHW%T& BEETE
volcanic disaster management, individual prefectures and municipalities LAIL T8l

in volcanic areas run Volcanic Disaster Management Councils (including

representatives of prefectures, municipalities, meteorological observato- EK LR B ES -5 C R0 DR )

ries, Sabo (soil erosion control) departments, volcanologists and others) to WL iT SRS

discuss evacuation planning in the event of a volcanic disasters in normal
times. The Volcanic Alert Level System is run by the Council as part of its
local disaster management scheme. Since the system is closely linked to
local disaster mitigation measures, such as decisions on areas where
evacuation is required and the timing of evacuation, regional authorities
can take prompt and appropriate action in line with the Level.
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Volcanic Disaster Management Council, Volcanic Alert Levels, evacuation planning
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Volcanic Warnings and Volcanic Forecasts for volcanoes where Volcanic Alert Levels are in effect
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. Explanation
. .. |Abbreviated| Target . P
Classification|  Term area | Volcanic Alert Levels & Keywords | gpected volcanic |  Action to be Action to be
activity taken by residents taken by climbers
Eruption or imminent Evacuation from
. 20 | eruption that may cause | residential areas at
Volcanic . i eve 5 4 —| serious damage in risk is necessary.
. Residential z = residential areas and non-
Warnlng areas and residential areas near
Enaergency| [ Residential non- = the crater.
Warning area residential .
areas i Possibility or increasing Evacuation of the elderl_y.
2 atio > e : d oth
a.k.a. nearer the RECVE: ¢ possibility of eruption that | and other persons requiring
Residential 0 e .. may cause serious damage |SPeCidl care, and preparation
area Warnin crater Vi in residential areas and non- | fOr évacuation of residents in
9 de e residential areas near residential areas at risk is
the crater. necessary.
§tand by and pay
Non- Restriction \ g '_3)) Eruption or possibility of 33&2:?9 a‘z@?;nges n Restrictions on entry to
Volcanic residential o o proximity |z eruption that may severely Preparation for the arei'sb?tt' risk,fstljlchbgs
Warnin areas near = | affect places near evacuation of the elderly | Pronioition ot climbing
g9 to the volcano Tt - # residential areas (possible |and other persons and restrictions on
Near the ) the crater =7 | threat to life in such areas). Lequirizg speciahl care, mountain entry.
=it lepending on the situation.
: crater
Warning
T % Eruption or possibility of Restrictions on entry to
Ne:F!(é?éter Around NPl Restriction eruption that may affect Ao aoar o eround
a on rOXimity ! 1 areas near the crater the crater.
Warnlng the crater t tFI)] t i (possible threat to life in
O the crater " such areas).
No action required.
Calm: Possibility of volcanic No restrictions.
Inside I3} Potential for ash emissions o ffer thecrater, dpending
i ~ '_ related phenomena may =l L
Forecast Forecast the crater Incr$a§ed : oceur in the crater (possible on the situation.
ac IVIty threat to life in the crater)

Note: The target areas subject to evacuation and restrictions varies depending on local conditions and volcanic activity
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Volcanic Warnings and Volcanic Forecasts for volcanoes where no Volcanic Alert Levels are in effect

=]l =T XY SREEE EMBIEEF (F—T—F)
Classification| Abbreviated Term Target area Explanation
EANEER ! . —
Rl | (B{EE) | BERERUZNALD KO BEERUENLD WDfﬂU@ﬁﬁzEIln. BIFDBELTER
Emergency pvdFs Residential areas and non-residential (BEEMIRE S ERL)
Warning ENEERR areas nearer the crater Warnings in residential areas and
Volcanic Warning non-residential areas nearer the crater
ENEELR ROH S FEfEH DT L KOO SEHBFEDEL & TOLVERDONORRDIC SIS DER
(NOED) | FCOLRVEEOKOED (ALLERR)
%ﬁﬁ i = Non-residential areas near the crater Warnings in non-residential areas near the crater
Weming | WOEDEE | kO S UBEN TR KO 54 UBN R TOROBLIC S 5 E7
Near-crater gft(DWDEJﬂ (WDEL@@)
Warning Around the crater Warnings around the crater
FiR =D& 2 XRORF GENUTH BT EICER)
Forecast Forecast Inside the crater Potential for increased activity
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Dissemination of Volcanic Warnings
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Volcanic Warnings are issued to residents through the media, prefectural offices and local municipalities.

WENEFRZEDHFERK Issuance of volcanic warnings

[RIT
Japan

Meteorological
Agency

ERERTIR

Prefectural Offices

Police

J BT

HBAT

Fire services

4\ Local
municipalities

ERF

Citizens /

NTT
Nippon Telegraph

and Telephone Corporation
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The following information is also issued regularly and when necessary to clarify volcanic activity status:

EFRFDIELE  Volcanic Information

BIERUHERROIFE Details

® [ENEHR

Eruption Notices

SUEPEIOERICHUT. NMUDEK Ul EZRNICVWERLITR . BZEFHICHDITEIZR > T
WL Te»ICHKRT D15,

Eruption Notices provide immediate brief information on volcanic eruptions for climbers, local residents and other people
nearby to allow appropriate protective action.

© NLOWRICET DEIER (FRH)

Details of Volcanic Activity (Extra)

EABRLNILOS| EFREICRREL TOELD, BAERMLAILES|E EF 28NS SHIE L
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Details of Volcanic Activity (Extra) information specifies the current status of volcanic activity and advises special attention

to volcanic hazards. It is issued when volcanic activity is detected and the Volcanic Alert Level may be raised, although

there is no need to do so at the time of issue.

O NUDIKRICEET B fRHIEER

Details of Volcanic Activity

RERTIE, BNERMLANILZS|E EIFHAEEMMEND, NIEBICEENHONDBE. KILTEEDIR
ZARA DUEND D EHIH LTSS ICRKRT DiEHR.

Details of Volcanic Activity information specifies the current status of volcanic activity. It is issued as needed, such as
when changes in volcanic activity are detected but there is a low likelihood of the Volcanic Alert Level being raised.

© NILEENEEHER

Bulletins on Volcanic Activity
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Bulletins on Volcanic Activity provide detailed information on the status of volcanic activity and advise special attention
via images and figures.

© AREANILELR

Monthly Volcanic Activity Reports

#5181 P BEONIEEDINTEZID DB, BRALAICHER,
Monthly Volcanic Activity Reports provides a summary of the status of volcanic activity for the previous month.
They are issued at the beginning of each month.

© [EXICEHT D NILERRAIER

Observation Reports on Eruption

EANDFRELLC &P, BNICEITDEE (BXORERY - BESE - BEDRNDAM - EXCH > TEH
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Observation Reports on Eruptions detail volcanic eruptions and provide related information, including eruption times,
plume heights/directions and volcanic phenomena. They are issued when an eruption is observed.

@ KRILA AT

Volcanic Gas Affected Area Outlooks
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Volcanic Gas-affected Area Outlooks specify areas in which high concentrations of volcanic gas are expected.
They are issued when significant amounts of volcanic gas such as sulfur dioxide affect residential areas for long periods.
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Scheduled Forecasts are issued periodically (e.g., every three Preliminary Forecasts are issued within 5 — 10 minutes of the
hours) when there is a risk of eruption. Their information start of an eruption, and provide initial information on areas of
includes potential areas of ash fall and lapilli fall to support ash fall and lapilli fall. To facilitate early issue, JMA runs various
preparedness in local communities. model forecasts with different conditions; when an eruption
starts, the model results that best fit the observed conditions
are used for the Preliminary Forecast.
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Detailed Forecasts are issued within 20 — 30 minutes of the start
of an eruption. They provide accurate information on the
expected start time of ash fall as well as hourly data on ash fall
areas and amounts up to six hours ahead. Detailed Forecasts are
based on plume height as estimated via visual observation, and
are more accurate than Preliminary Forecasts.

T ZROREIKEE , Heavy ash fall
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These kinds of information are also reported on the website.
L https://www.jma.go.jp/jma/kishou/know/kazan/vol_know.html

DR ZEDOMEIKER , Moderate ash fall

D BOREIREE (GRIR - 34, Low ash fall
Rk DEE (ERF), Ash fall area
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H*Ill%ﬁ «E3#Rt >/ & — Volcanic Observation and Waming Center

REBTIE WO KL b o s — J OSALIBE-AIl 75 - 48 B 0D 2% b 3 K 1L JMA operates the Volcanic Observation and
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Mo 77 G ARAR BE 0 RK I BEL-E e — LR R TR o 209 5,50 Sapporo, Sendai and Fukuoka. VOWCs monitor

NIZDOWTIE K OFTIRZHE 2 TR K EIREE 2 IREIZIE KT H72012, K activity at 111 active volcanoes in Japan. The
LI Bh % 2405 AR B C o R - RS L O Kagoshima Local Meteorological Office also contin-

uously monitors in collaboration with the VOWC in

72 &2y — o KINEE B PEDS, £ DM KD E O TH I M Fukuoka.The Agency also intensively observes 50
TR AR A B 21T > THY KINGENES T DAL N2 6123 L% volcanoes and continuously monitors  volcanic
SIEL B8 KD RN S 2 7 B AR B S LT E 5 oo of somiete tormaton e for promet

INSOBE-EEAH O BORZ W CORIINTE B Ol 217V A E 111 07F K VOWGs periodically dispatch mobile observation
HHZ DWW, i s e K JE B2 2 T3 X e K OSSN teams to monitor the state of volcanic activity. When
P A, TR A R | (ZORBRPANS A28 6113 o figlyy  VOI9anio anomalies are detected, the conters step

up their monitoring/observation activities as needed.

I E) R T EREZ SRR L TVET, Any anomalies identified as precursors of an

eruption that may affect local areas prompt the
issuance of Volcanic Warnings.
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57_' LA=RICKDEHE Continuous monitoring by telemetory
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Volcanic Observations and Warning Centers (VOWCs) at Sapporo, ‘j'

Sendai, Tokyo and Fukuoka, monitor 50 active volcanoes 24 hours
a day using observation equipment such as GNSS, tiltmeters,
low-frequency microphones and visual cameras, and leverage

; o . o GNSS
data provided by relevant organizations such as universities,
insti icipaliti I e
research institutes and local municipalities. oIEEt
Low-frequency
microphone
[
HERET ol
Seismometer
fEslEt
Tiltmeter

TLA—ZICEBRILDEREERDT X —FR
Schematic image of volcanic observations by JMA

AREEA (MhERSTIC KD NILEMER O HMENDERAD)

Seismic observation (Monitoring volcanic earthquakes and tremors with a seismometer)

ZEIREA (ZEHRETIC KD EREAD)

Air shock (infrasonic) observation (Monitoring air shock with a low-frequency microphone)

RO, KUK OZ ORISR S XML A IERE) 2, ZHRBINSECE I 2R (2450 2B 5
bOTY, ARITIE MR - ZRTHEOBIIE DS OF -y &Y TS A MAEE L. KPR KILPERS), ZERO%
RIRAEA - IS5 2 215D, KIIOEHIREOIRED T

Seismic monitoring is conducted
to observe volcanic earthquakes,
and tremors. Air shock observa-
tion is conducted to observe
air shock caused by eruptions.
JMA monitors and analyzes
their sources and waveforms to
evaluate the state of volcanoes
using data transmitted from
instruments such as seismome-
ters and low-frequency micro-
phones in real time.

HERET HEREHC K W BRI S h2RREILIC S T BRI R ORI
Seismometer Volcanic earthquakes from Asamayama recorded with a seismometer
: = Ll WEE DR

volcanic earthquake

Lj"‘x,.\_,‘w.——-._—-_-——_——_— TIRET DL
: : W\wa : air shock

RS ISR S KILME R e iR (GRRAEW)

Low-frequency microphone Volcanic earthquake and air shock caused by the eruption of Asamayama
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observation (monitoring volcanoes with a high-sensitivity camera)
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Visual observation is conducted to observe the height and color of
plumes, volcanic products, such as ash and projectiles, and 2000% 2J] 10
related phenomena. VOWCs continuously monitor volcanoes in ~ v

real time using high-sensitivity cameras capable of observation in  EREERH A5 CREICE B REDE A

low-light nighttime conditions. (ERK21%E2H81H)
Sakurajima - nighttime observation of an eruption on %@E%ﬁﬁx 4
1 Feb. 2009, using a high-sensitivity camera High-sensitivity camera

EREERNA TICL, FREOEROBT % B

Kirishimayama (Shinmoedake) - observation of an eruption using a high-sensitivity camera

EJJEE%HJJ (GNSS. {ESEHEIC & BB TE D)

d deformation observation (observe the ground deformation around the volcano with tiltmeters and GNSS, etc.)
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Ground deformation is observed to monitor subterranean changes in slopes and inflation/deflation of volcanic edifices potentially associated with
magmatic activity, such as magma accumulation and intrusion. Tiltmeters are used to observe subtle changes in slopes, and Global Navigation
Satellite Systems (GNSS) are used to observe ground-surface changes around volcanoes. Continuous monitoring of ground movement is essential
to clarify deformation caused by subterranean magmatic and/or hydrothermal activity and enable the prediction of changes in volcanic activity such

as eruption precursors.
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%ﬂﬁiﬂ“ Mobile observation
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JMA dispatches a volcanic mobile observation team for detailed investigation of the state of volcanic activity that cannot be detected through
telemetric observation. Mobile observation is carried out periodically or emergently.

In this section, we introduce thermal observation, aerial observation, volcanic gas observation and ejecta investigation.

z;ﬂu
al observation
RN LGS 2 W CROREOMRIMNRESA 2 BT 2 210X, BURHORELZRL 3,

In order to ascertain the state of volcanic geothermal activity, we observe the distribution of surface temperatures around the active crater
using infrared thermal imagining equipment.

ZEIL GFRE) OAXORDRIRE ZEIL (RE) KOFMEDOHKREEES (FK245F11H8H)
(i L BEBE72M B EEME M ER DR AT LS. FR245E1188H) The distribution of surface temperature around crater of Shinmoedake.(8 Nov. 2012)
Crater of Shinmoedake(coutesy of Japan Maritime Self-Defense Force, 8 Nov. 2012)

AN a7y —RfEEEEZAA LT b 5E0 %
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Aerial observation by helicopter and airplane provides a wealth of
information on the conditions in the crater and the distribution of
ejecta from it.

EAREOHEMEE (LEEOHHICELS. FHR205E11H28H)
Meakandake after eruption (Courtesy of Hokkaido Pref, 28 Nov. 2008)

REREILTEXO & BRI
O (BLEEEOBAICE
3. Fm23%1181508)
Minamidake and Showa
craters at Sakurajima (Courtesy
of Japan Maritime Self-Defense
Force, 15 Nov. 2011)

FpeHEOEX (BEREROHMAICELS. FR205E108218)
Suwanosejima during eruption
(Courtesy of Kagoshima Pref, 21 Oct. 2008)
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canic gas observation
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Volcanic gas includes water
vapor, carbon dioxide (COz2),
sulfur dioxide (SO2) and
hydrogen sulfide (H2S) as
products of magma. Among
these gases, SO2 emission
increases as magma rises
toward the surface. JMA esti-
mates the amount of emitted
SOz2 using a Compact
Ultraviolet Spectrometer
System (COMPUSS) to eval-
uate volcanic activity.

KRILAZERRIEEE : COMPUSS
Compact Ultraviolet Spectrometer System

KILHREABICECHEE (=8 FR135E1H) BETOBA

Plume containing large amounts of volcanic gas (Jan. 2001, Miyakejima) Volcanic gas observation by car

jecta investigation

WK AFEE L7238 1218, K OB RS 2B R T 5720, KRR etk & 1) L CRIR LI i 21TV 95

When a volcano erupts, JMA investigates the resulting ejecta in conjunction with universities and research institutes in order to ascertain
the scale and features of the eruption.

- PBES F OR B R50m (B 2 BT
SR 2152 B 2B K IZHE > RS BROEE

Volcanic ash fall distribution by eruption of Asamayama on 2 Feb. 2009 Investigation of Volcanic ash fall
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Research for Monitoring and Evaluation Methods of Volcanic Activity - Meteorological Research Institute
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Research on volcanic activity monitoring and evaluation based on geophysics
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JMA evaluates volcanic activity based on observations conducted at numerous individual locations, and issues related Volcanic Forecasts/Warn-
ings. Accuracy in this field requires precise data analysis and evaluation.

The Meteorological Research Institute (MRI) is currently developing evaluation based on analysis of long-term multi-parameter data from volcanoes
nationwide. The Institute is also working on monitoring systems for crustal deformation and seismic activity in volcanic areas for rapid anomaly
detection and clarification of volcanic activity.

MRI has branch offices at the Volcanic Observation and Warning Center in Tokyo and the Regional Volcanic Observation and Warning Centers in

Sapporo, Sendai and Fukuoka, in addition to the main facility in Tsukuba. Branch office researchers engage in standard work and also focus on
regional volcanic activity, contributing to the technical competence of staff at individual centers.
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Research on development of a system for crustal

80 o Jna0 i deformation with rapid anomaly detection and clarification

of volcanic activity. Left: Continuous GNSS observation

near the summit of Izu-Oshima. Right: Co-eruptive crustal

deformation associated with the Kusatsu-Shiranesan (Motoshirane) eruption of 2018 detected by GNSS kinematic analysis. Northward displacement of approximately 15 cm was

observed at a GNSS station around 500 m north of the crater (red arrow).
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Research on volcanic activity monitoring based on geochemical methods

LR ClE. KIU T A R 2K DALFARL K R 28 B [RIVAR L D 45 Analysis to determine the chemical compositions and stable
isotope ratios of volcanic gases/thermal water and the

;Fi?éb % b‘\biﬂ(ﬂj)ft%ﬁ‘ﬁ‘ﬁ" B S LT ITKRASIKIC LS 5 & nature of volcanic ash helps to elucidate the characteristics
I e KIEB O MFREOGAL - BERMEOMIAZ HIEL £ 9 of volcanic activity, particularly in relation to phreatic
F7-, Wl ABN T — 5 2 v, KILA 2 0R R eruptions, and reveal its mechanisms.

N _ L. I Technology is being developed to monitor and evaluate
B EE= L) 7 Gl B HAMBHFE 2TV E T, emission rates and composition ratios of volcanic gases
using ground-based and satellite observation data.

ROPETILD SR L 72 RIUH ZP#K & LFEEKRET
L. RIEBZFFET 2R ICRYBATVET,
EDRUAZAREHKEEHT HFEL (FRFL) okA
- B, B BRIUTERU ZKUH R ELEMTDRF
Research on volcanic evaluation involves laboratory analysis of
volcanic gases and hydrothermal water collected from craters and
fumaroles. Left: Craters on Iwoyama in the Kirishima volcanic
complex discharging volcanic gases and thermal water. Right:
Volcanic gas collected at Azumayama; inset: laboratory analysis.




2023/6/17/0100UTC+0.6h ppmm YTV EBEICEFRTS.KUARPICE

$00hPa_Sitoniday u0=1.8mis o FhBSRUERE ORI BEEHNICH
A | BT ARMERMREToCVET. AW
e | 3 20| FPEAONSISE EBHEE (KILAR),

w0 o ARIUHRLE SR ETIIVCEESNE
0| REROPSHT S -BILHEDNS

w000 | LIBREAETIV. BaIBEGREBR S,
: gggg: 4 Research and development are underway on
B 4000 a system for continuous observation of sulfur
5000- dioxide emissions in volcanic gas related to
709- 1 magma activity. Left: Volcanic plume (gas)
“‘\T rising from the Nakadake crater on Asosan.
g Right: Column concentration distribution of
Leater #5104 theoretical sulfur dioxide flowing down from
the crater based on a volcanic gas diffusion
distribution model. Blue dots indicate continu-

ous observation sites.
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Tephra concentration and probability prediction based on satellite analysis

M K R PR IR P 3 e E R AR L O TGt D 7212 Precise prediction of volcanic eruptions is needed to enable issuance of
2. BEO X WEKTME L %) KIUNEE) PRI % B useful information for disaster mitigation. It is also necessary to monitor

volcanic activity immediately and to forecast volcanic phenomena with

IR L. KINHRZ LIS FPT 2 2 EAEETY, appropriate precision. Against such a background, MRI executes
AR TIZ, VE- MY YU I7EMREZHW research on volcanic surveillance and volcanic ash forecasting via the

RINERTEOEIRR. KINKB®EES L O E % 1T development of methods involving the use of remote sensing technology
and enhancement of a tephra transport model.

> Ty KIS 2 KILK R HICIE 5 2 720 O In related research, MRI develops techniques for immediate evaluation of

i To TWnWET, eruption-generated volcanic columns using meteorological satellites and
= = > Spe 2y o) th . The Institute al k: th histicati f i
REER - L — ¥ — SO AT L CE R L weather radars. The Institute also works on the sophistication of precise

quantitative estimation for immediate tephra transport forecasting based

K- TR & B G I HEIR S 5 FEEOMZEIC R M L & b on numerical models. This work contributes to enhanced volcanic activity
12y BB KIDKEDOPLFCI 2 B, 2. 5 surveillance, volcanic ash fall forecasts and volcanic ash advisories
BEIZAT D B OWI2e %2 1T o Ty KEF O KINEEHL L FBIK T issued by the Japan Meteorological Agency.
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Left: The algorithm used for this involves multi-wavelength infrared observation data from JMA’s Himawari-8/9 satellites and radiative transfer calculation
incorporating data on volcanic ash cloud into the atmospheric profile of a global weather model. Estimated cloud top height and mass loading are used as
initial values for the technique’s tephra transport model. Right: Volcanic ash cloud analysis for the Sheveluch eruption on the Kamchatka Peninsula based
on meteorological satellite observation data (01:00 UTC, 10 Jan. 2018).
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Tephra dispersal simulations for the 1707 Fuji-Hoei eruption, with grey dots representing tephra
particles. Such simulations for various meteorological conditions help to highlight seasonal
trends of tephra deposit distribution.




Research for Monitoring of Volcanic Activity ~Kakioka Magnetic Observatory~
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Volcanic activity and changes in geoelectromagnetic fields
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Schematic diagram of self potential

changes associated with volcanic activity

Volcanic rocks contain magnetic materials such as magnetite, meaning that the magnetic fields around a volcano change due to the effects of mechanical
stress on the rock or thermal (de)magnetization associated with volcanic activity. When hot water convection associated with volcanic activity transports a
positive charge to the top of the volcano, the self-potential distribution changes along the gradient of the mountain. The Magnetic Observatory of JMA has
been working to establish a comprehensive technique to utilize magnetic field observation in the monitoring of volcanic activity.
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Case studies of electromagnetic observation for volcanic monitoring
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Repeat measurements of the geomagnetic total force at Kusatsu-Shirane volcano(1988~)
The result of measurements around the Yugama crater lake shows the trend of demagnetization associated with volcanic seismicity increase
in the period from 1990 to 1992, and the trend of magnetization in the recent years.
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Development of techniques for analyzing magnetic data and evaluating volcanic activity
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Magnetic fields around volcanoes change slightly with volcanic activity. However, they @
are also changed by the dynamo process in the earth's core, solar-terrestrial interaction, i'\.
sea currents and artificial noise. Another mission of the Magnetic Observatory is to - \ zkﬁ
improve analysis techniques to enable the extraction of signals caused by volcanic A638TN
activity from observed data and to utilize them to aid physical understanding of such 9 3]/,’%
activity | @ |
O EHTHEON TS TE B ETIVFAORR T
Development of modeling methods for the magnetic field vari- ~ **** L0 160110 1200
- - - . . evation \m,
ation caused by a complicated distribution of thermal R I —
sources v; 1500 ] fu ! %ﬁ 1585 1961
. . s . N 2 . : 1996-2000
AT T — 5 % RN L 72 Al S OBURR - & 7V (19824F~) b\ 5 %2 5 1600 [ | o000t
— N 2 q | ol
PHOHL T IZBITF 2BAG B DZALATVRENE L 720 HIZGHL RITMET T, 3 14001 e _ (6 2008 2012

The equivalent magnetic dipole models analyzed using geomagnetic total intensity 1207%\ e . o
data (1982~) at the surface of Kusatsu-Shirane show the anomalies due to thermal il R FRBEFEAT DB 10m A 2 (KIIEELS) 2 6L
activity under the ground around Yugama. Blue and red circles indicate negative and 2N T —2EmLI-E MBI WETFET IV (1982~)

positive anomaly sources, respectively. FIZSH. KMz RT
The equivalent magnetic dipole models analyzed using geomagnetic
total intensity data (1982~)
Blue and red circles indicate negative and positive anomaly sources,
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Exploration of the electrical resistivity structure of volcanic edifice
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Electrical resistivity is a physical property representing material resistance against electric currents. As water conducts electricity well,
underground areas containing water have relatively low resistivity. As a result, the distribution of hydrothermal reservoirs within volcanic
edifices can be inferred from the resistivity structure.

The Kakioka Magnetic Observatory engages in resistivity explorations at active volcanoes by using MT (Magnetotellurics) sounding.
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Locations of MT sounding survey sites at Meakandake.

[ : survey sites in 2013
M : survey sites in 2014
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Two-dimensional resistivity structure along line AB at Meakandake. Red represents suspected
hydrothermal reservoirs.
=, TR ¥ : survey sites
[ ' ! n:;lnsli»il_v (I(T.m ||1;m o R1: Magnetization source from 2004 to just before a 2008 eruption
R2: Demagnetization source after the 2008 eruption
R3: Demagnetization source from 2013 to 2014
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Volcanic ash can seriously affect air services by causing engine failure, poor visibility due to ash-related scouring of aircraft windshields, and
take-off/landing delays due to ash accumulation at airports. To mitigate such effects, the International Civil Aviation Organization (ICAO), in conjunction
with the World Meteorological Organization (WMO), recommended the establishment of Volcanic Ash Advisory Centers (VAACs) and designated nine
such centers around the world. These facilities are tasked with issuing Volcanic Ash Advisories (VAAs) regarding the extent and predicted movement
of volcanic ash. In its role as the Tokyo VAAC, the Japan Meteorological Agency (JMA) has been in charge of the East Asia and Northwest Pacific region
since April 1997, providing VAAs to organizations such as airlines, aviation authorities, Meteorological Watch Offices (MWOs) and other VAACs.

To guarantee the provision of information at all times, VAAC Tokyo and neighboring VAAC Darwin have an agreement to act on each other’s behalf in
the event of a malfunction.
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The nine Volcanic Ash Advisory Centers (VAACs) around the world and their areas VEDYISENTrueColorBEE & DB B E LM E (Fhk)
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Volcanic ash cloud from Shinmoedake on Kirishimayama (center)
and Sakurajima (lower left) in Himawari-8/TrueColor imagery
(14 May 2018)

fZe B% N LU IR E ERIZEE D AL Information Flow of Volcanic Ash Advisories

E Ao kLR MZERA SO NILTER [REET 2 HIEFHET I

Information from Volcano Qbservatories Pilot REpOI‘t Satellite ].lmgcry Data Numerical Weather Prediction

e Kl “iﬁa)%?ﬂ gt Monltorlng and Analy5|s of Velcanic Ash Clouds

L ﬂfigﬂﬁ.‘kmmﬁﬁmﬂfé Issuance of Volcanic Ash Advisories

l | |

EfEEAORRERR finZ2BaR AT '| izt
: AT hDVAAC o
Meteorological Watch Offices Civil Aviation Other VAACS Adirlines and Other
in the Area of Responsibility . Authorities /_.| ~ Related Organizations |




DA

Volcano Disaster Awareness Day
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At an ordinary session of the Diet in 2023, a bill to partially amend the
Act on Special Measures for Active Volcanoes was passed and enact-
ed. Under the amendment, 26 August was designated as Volcano
Disaster Awareness Day with the intent of raising public awareness of
measures against adverse effects from active volcanoes. 26 August is
the date on which Japan’s first volcanic observatory was established
(at Asamayama on the border of Gunma and Nagano prefectures) in
1911.

BATRORILERAIFR (ZRELL)

The first volcano observatory in Japan on Asamayama
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Headquarters for Volcano Research Promotion
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The Headquarters for Volcano Research Promotion under Japan’s Ministry of Education, Culture, Sports, Science and Technology (MEXT) is

responsible for promoting volcano-related expertise toward development of related action based on observation, surveying and analysis, acting as
a hub for centralized volcano research. The headquarters has the Policy Committee and the Volcano Research Committee.
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Headquarters for Volcano Research Promotion (source: MEXT)
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rt:ﬁ ﬂth- Hokkaido region
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In the Hokkaido region, there are 31 active volcanoes including active ones characterized by
repeated explosions e.g., Tokachidake, Usuzan, Tarumaesan and Hokkaido Komagatake.
Recently, Usuzan erupted in March, 2000, forming about 70 craters in the west flank of the moun-
tain, while Meakandake erupted in 2006 and 2008.
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Shiretoko-lozan Rausudake Tenchozan
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Mashu Atosanupuri Oakandake
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i:ltiﬂji Tohoku region
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There are 18 active volcanoes in the Tohoku region. These appear calmer
than other volcanoes in the Hokkaido and Kyushu regions because there
have been few significant eruptions recently. However, in 1888, a tremen-
dous explosion from Bandaisan caused a sector collapse in the northern
part of the mountain and 477 casualties.

Ground deformation and increased seismic/fumarolic activities have been
observed during volcanic unrest at Iwatesan, Azumayama, and Zaozan
(Zaosan) in recent years, indicating magmatic activity beneath each
volcano.
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Akita-Yakeyama Hachimantai
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lwatesan Akita-Komagatake Chokaisan
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ﬁi ° :FEBﬂth- - ﬁﬁ ° IJ\EIEE#E Kanto, Chubu regions, lzu, Ogasawara islands
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In the Kanto, Chubu regions and Izu, Ogasawara islands, there are 40 active volca- #fti#iX50m (r5) 2R L ‘%
noes, some of which are popular as sightseeing areas. However, the region has 72bDTH%, a8
many active volcanoes with repeated explosions and lava flows such as Asamaya- LHEEmL
ma, Izu-Oshima and Miyakejima. Eruptions have recently occurred on Nishinoshima & FSEEL

and lwoto, in addition to those at Ontakesan in 2014, Kusatsu-Shiranesan (Motoshi-
ranesan) in 2018, Fukutoku-Oka-no-Ba in 2021, and elsewhere.
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:F ¢ jl"H ¢ iqlﬁﬂhjf Chugoku, Kyusyu, Okinawa regions
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There are 21 active volcanoes in the Chugoku region and in the area from Kyushu =Lk »

to Okinawa. The majority are in the Kyushu region, and some of these are particu- AzH :

larly active. DEhZ e A FEM

At Kirishimayama (Shinmoedake), significant magma eruptions occurred for the

first time in 300 years on 26 January 2011. This was accompanied by large SO, BT OMEHIE0m (B 2R L7

amounts of volcanic ash, accumulation of lava inside L OTHD.
the crater and repeated explosive eruptions.

Sakurajima, located in the southern part of the Aira f‘ .
Caldera, has been erupting at its Minamidake summit SRS "'

crater since 1955, and eruptive activity at its Showa
crater began in 2006 for the first time in 58 years. o
Kuchinoerabujima erupted on 29 May 2015 with : t,/

-

pyroclastic flows.

In the Aso Caldera (one of the largest in Japan), eruptive
activity continues at Nakadake located in the caldera’s
center, and an eruption on 8 October 2016 caused "
tephra to fall as far away as the Chugoku and Shikoku n?ﬁ!ﬁti&wm
regions. G
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Kirishimayama Yonemaru and Sumiyoshiike

B Sakurajima 7H - Wl Ikeda and Yamagawa BiEE Kaimondake

PEEERE Satsuma-lojima AX B #&E Kuchinoerabujima " OZB Kuchinoshima

SHizH
FEiE B LRRT @ B LRRT

th2 & Nakanoshima #REH2 #EE Suwanosejima MESS Io-orishima




/

7 A
KB ORE
* ? 1875% ~20255%F Chronology (from 1875 to 2025)
. i
| #RE RE
1875(8H;A8)F681H RRAAFEHIEEEANT. IROKLUHESAIZHERGRRS
1887 EF;A20)FE1H1H RRISIREZTHRIRE & i,

1911 EF:844)58R26H MERERK TS S REFANRAT (REORBHARKAE) b KILEEIPRFE U TCREILICER-AN LA Z B
CRILERRIZEFEDFEE) o
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1988(HRFI63)E7H 1H RO EEERAIFR,
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1997(Fm9O)F4R1H REMZERNILKEREY5— (VAAC) HMZERNILIREROFERZRHEA.
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Date Event
1Jun. 1875 Meteorological and earthquake observation commenced on the premises of the Geographical Unit of the Ministry of Interior in Tokyo

(Tokyo Meteorological Observatory (TMO)).

1 Jan. 1887 The TMO renamed the Central meteorological Observatory (CMO).

26 Aug. 1911 The first volcanological observatory was established at Asamayama (start of volcanic observation).
1 Dec. 1952 The Meteorological Service Act brought into enforced.

1 Jul. 1956 The CMO became the Japan Meteorological Agency (JMA).

1962- 1966 17 volcanoes designated for continuous observation volcanoes.

1 Jan. 1965 Issuance of volcano information became part of the JMA’s regular work.

20 Jun. 1974 | Coordinating Committee for Prediction of Volcanic Eruption established; disbanded on 27 November 2024
1Jan. 1978 Continuous observation of Kusatsu-Shiranesan commenced.

26 Apr. 1978 The revised Act on Special Measures concerning Active Volcanoes brought into force, formalizing the reporting of volcano information to
prefectural governors.

20 Dec. 1978 | Issuance of three types of volcanic information begun.

1 Jul. 1988 Continuous observation of Ontakesan commenced.

8 Jun. 1990 Continuous observation of Izu-Tobu Volcanoes commenced.

11 May 1993 | Types of volcanic information changed to the categories of Volcanic Alert, Volcanic Advisory, Volcanic Observation Report and Regular Volcanic Bulletin.
1 Apr. 1997 The Tokyo Volcanic Ash Advisory Center (Tokyo VAAC) established and issuance of Volcanic Ash Advisory begun.

1 Sep. 1997 Continuous observation of Kujusan commenced.

1 Oct. 2001 Volcanic Observation and Information Centers established at the Seismological and Volcanological Department and at the Sapporo,Sendai and
Fukuoka Regional Headquarters. Their official operations begun on 1 March 2002. Intensive monitoring structures in 24 hours at the centers established.
1 Mar. 2002 Issuance of Regular Volcanic Bulletin discontinued and issuance of Bulletin on Volcanic Activity begun.

4 Nov. 2003 The Volcanic Activity Levels applied for Asamayama, Izu-Oshima, Asosan, Unzendake and Sakurajima. The Levels applied for additional seven
volcanoes in 2005.

1 Dec. 2007 Issuance of Volcanic Forecasts/Warnings begun in line with the enforcement of the revised Meteorological Service Act.

(Previous volcano information (Volcanic Alert, Volcanic Advisory and Volcanic Observation Report) discontinued.)

The Volcanic Alert Levels applied for 16 volcanoes (Volcanic Activity Level discontinued). Issuance of Details of Volcanic Activity information begun.
31 Mar. 2008 | Issuance of Volcanic Ash Fall Forecast and Volcanic Gas Affected Area Outlooks begun.

31 Mar. 2011 Continuous observations of 27 additional volcanoes commenced based on the selection of 47 volcanoes which are in need of more intensive
monitoring and observation by the Coordinating Committee for Prediction of Volcanic Eruption.

30 Aug. 2013 | Issuance of Volcanic Emergency Warning begun in line with the enforcement of the revised Meteorological Service Act.

24 Mar. 2015 | Issuance of Quantitative Volcanic Ash Fall Forecast begun.

4 Aug. 2015 Issuance of Eruption Notice begun.

25 Mar. 2016 | Publication of Volcanic Alert Level Decision Criteria begun.

1 Apr. 2016 Volcanic Observation and Warning Centers established at the Seismological and Volcanological Department and Regional Volcanic Observation
and Warning Centers at the Sapporo, Sendai and Fukuoka Regional Headquarters.

1 Dec. 2016 Continuous observations of Hakkodasan, Towada and Midagahara commenced.

20 Jun. 2017 Nantaisan designated an active volcano by the Coordinating Committee for Prediction of Volcanic Eruption. As of March 2025, the number of
active volcanoes in Japan is 111.

1 Apr. 2024 Headquarters for Volcano Research Promotion established.
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