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Volcanic Observations and Warning Centers (VOWCs) at Sapporo, &)

Sendai, Tokyo and Fukuoka, monitor 50 active volcanoes 24 hours GNSS

a day using observation equipment such as GNSS, tiltmeters, B i3
low-frequency microphones and visual cameras, and leverage Lowf_';-rﬁincy
data provided by relevant organizations such as universities, F microphone
research institutes and local municipalities. o
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Seismometer
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Tiltmeter
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Schematic image of volcanic observations by JMA
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Seismic observation (Monitoring volcanic earthquakes and tremors with a seismometer)

(TR (Z=REHIC & B ERERA)

Air shock (infrasonic) observation (Monitoring air shock with a low-frequency microphone)
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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
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their sources and waveforms to ) o -

evaluate the state of volcanoes i

using data transmitted from ie i ' —

instruments such as seismom- i e

eters and low-frequency micro- it .

phones in real time. N (- - — i : - - L
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Seismometer Volcanic earthquakes from Asamayama recorded with a seismometer
WREST DR

volcanic earthquake

ZIRFT O

air shock
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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)

BN, HETOEPIOL ) bI ik T ]
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Visual observation is conducted to observe the height and color of
plumes, volcanic products, such as ash and projectiles, and
related phenomena. VOWCs continuously monitor volcanoes in
real time using high-sensitivity cameras capable of observation in  ZERIEERHAS CREICEBSh-LEDE A
low-light nighttime conditions. (ERg21%2818)

2000% 2)] 1N o 19 S5

Sakurajima - nighttime observation of an eruption on E@E‘{%ﬁﬂx Z
1 February, 2009, using a high-sensitivity camera High-sensitivity camera

ERERRNATICL ., FREOEROEKT % B

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

2 Engifl (GNSS. EFETEIC &2 HFREEIDERA)

d deformation observation (observe the ground deformation around the volcano with tiltmeters and GNSS, etc.)
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VR GH) 327200 FELFERELZS>TVWET,

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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GNSS observation instruments A tiltmeter to be installed in the ground Ground tilt change associated with eruption on 2 February,

. P 2009 at Asamayama.
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ﬁibﬁﬂiﬂll 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.

5

al observation

RYVEAMUGREEE 2 T CRIEE O M RIRE A 2B 5 2 12X ), BuiBoREZIEEL X9

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 FRE) OXORDIRE BEIL (FRE) KOMPEOHREREESH (Fik24511H80)
(7B L BB ET2M B EEME M ER DB AL D, Fr245E11A8H) 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 = RfZEEEZ A LT T WK D
R A 52 F2EPOREL CIRAEL T,
Aerial observation by helicopter and airplane provides a wealth of

information on the conditions in the crater and the distribution of
ejecta from it.

BEAEOMREE (ILEEDRHICLS. FR20F11H28H)
Meakandake after eruption (Courtesy of Hokkaido Pref, 28 Nov 2008)

KEmEILTERO & IBFIA
0O (BLBAEBOBmAICK
% TH23%F118150)
Minamidake and Showa
craters at Sakurajima (Courtesy
of Japan Maritime Self-Defense
Force, 15 Nov 2011)

FheBENEA (BEREROHAICLS. FR205E10821H)
Suwanosejima during eruption
(Courtesy of Kagoshima Pref, 21 Oct 2008)
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Volcanic gas includes water

vapor, carbon dioxide (CO2), e

sulfur dioxide (SO2) and RN AEREEE © COMPUSS
hydrogen sulfide (H2S) as Compact Ultraviolet Spectrometer System
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.

KILHREARICELEE (ZE8 FR13E15) BETORRA

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

NRE

a investigation

WK AFEE L7236 12I8, K OB RS LR 3 5720, RERW7eEE L1500 L CREUR RPN O 217V E95

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.
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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 immediate monitoring and accurate prediction of volcanic phenomena
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To issue useful volcanic information for disaster mitigation, precise
prediction of volcanic eruptions is needed. At the same time, it is neces-
sary to monitor volcanic activity immediately and to forecast volcanic
phenomena exactly. The Meteorological Research Institute (MRI)
executes research on volcanic surveillance through the development of
new methods using remote sensing technology and improvement of
existing monitoring techniques.

In the research plan, MRI develops techniques to evaluate immediately
volcanic column accompanied by eruptions using meteorological radar,
and develops methods to detect volcanic eruptions using infrasonic,
seismic and geodetic networks. In additional to this research, the Institute
sophisticates the estimating method to forecast the tephra transport
immediately, quantitatively and accurately, based on the numerical
model. Through this research, MRI contributes to the improvement of
volcanic activity surveillance and volcanic ash fall forecasts by the Japan

THMOBWBEALICHML T E 9 Meteorological Agency.
BEIFREEXDBEIC.RRL—F—ICEOT

= RASN-EEOH (FR23%18268178510%

20km —1785209) . (&) L—45 —RSH58E DK FEWE
X (FE3km) . () A—BEDEEKER. EE
ROBIEFERGFEENSAEVILETRT,
COWE R TIRERAYICEE EIFONLEEN KR
L= =& TC2ABICh > THRASN. ZDT
— 2N BELTEEQLEAIRPEEDS S,
B2 % 2 EZEL TV F IS R ICE N,
Eruption cloud echo images from Shinmoedake as
observed by weather radars (08:10 - 08:20 UTC, 26
January, 2011). Left: radar echo image for a constant
altitude of 3 km; right: vertical cross section along the
A-B line. Warm colors represent a high radar reflectiv-
ity factor.
A volcanic ash cloud produced by continuous
eruption was observed by weather radars over a
period of two days. Analysis of the data obtained
highlighted variations in the distribution and height of
A B the ash from minute to minute.

(2 ) MRRZE TS EVIRERANC KD NILERENEHEFE(CRE T DR

Volcanic evaluation research based on geodetic and other physical observation data
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In predicting eruptions, it is important not only to monitor
volcanic activity but also to evaluate the possibility of
eruptions. Geodetic observation is one of the most useful
methods for the quantitative detection of magma move-
ment. JMA operates geodetic observation networks at
active volcanoes in Japan and detects successfully ground
deformation resulted from magmatic and/or hydrothermal
activities.

MRI conducts research on improving the accuracy of crustal
deformation observations using GNSS and satellite
synthetic aperture radar (SAR), and develops methods for
calculating the relationship between crustal deformation
and changes in the physical state of underground magma.
At Izu-Oshima, which is expected to erupt in the near future,
a dense geodetic observation network is operated along
with gravity and geothermal observations. The resulting
data are used to develop methods for evaluating volcanic
activity. Seismological research is also conducted help
clarify changes in magma reservoir conditions based on
seismic wave interferometry..
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Inflation of 1zu-Oshima detected in continuous GNSS observation. Since the eruption in1986,
magma has continued to accumulate under the mountain. From these data, it is considered that | 34°ag'{ #8118 StH1E

the magma is accumulating under the northern part of the caldera.

15D % =5y MRS U THEREZRAIY . IO - PUEZ HmmOBEE TH
BRICETAIL TWET . MCSICRASDE=FIL,
" Geodetic observation at Izu-Oshima. This instrument automatically measures the distances to 15

- targets installed in the caldera and detects the inflation/deflation of the volcano with the accuracy
of several millimeters. Miharayama, the central cone of the caldera is in the background.
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Research on monitoring and prediction of volcanic activity based on observation of volcanic gases
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To enhance assessment of volcanic activity, techniques to detect
volcanic eruption precursors are developed from volcanic gas
observation.Efforts are made to predict volcanic activity using geophysi-
cal data such as results from close observation of gas flux, and to detect
minute precursors of phreatic eruptions via ongoing multi-component
gas observation and wet chemical analysis.

2E QKR ILTHRRLZK LA X% KER
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Various volcanic gases collected from
volcanoes around Japan are subjected to
detailed laboratory analysis to advance
research on volcanic activity assessment.
Left : Collection of volcanic gas from
fumaroles on Azumayama

Right : lon chromatography analysis of
collected samples
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To help clarify the relationship between volcanic gases and volcanic activity, a research vessel (right) is
used to observe and evaluate volcanic-gas flux around Nishonoshima on an ongoing basis. Result show
that 400-900 tons of sulfur dioxide--a gas components related to magma activity--are discharged per day

during eruptions (left).
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Research for Monitoring of Volcanic Activity ~Kakioka Magnetic Observatory~

NILEE) & BHISTEE
Volcanic activity and changes in geoelectromagnetic fields
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. . e - e Schematic diagram of geomagnetic changes Schematic diagram of self potential
Hv \f:klﬂéﬂ‘(ﬁﬂ - BEREANCE T 5 ﬁjﬁﬁﬁf e % associated with volcanic activity changes associated with volcanic activity
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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.

KRILEEAR DTz DHIREHRAERBICH T D —ARX YT«

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 g =
are also changed by the dynamo process in the earth's core, solar-terrestrial interaction, - - Q’\.
sea currents and artificial noise. Another mission of the Magnetic Observatory is to iy » 'v\ K .
improve analysis techniques to enable the extraction of signals caused by volcanic REBATN 3 .\@ o ® f
activity from observed data and to utilize them to aid physical understanding of such 7 ) @/\,
activity. ] e a @
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Development of modeling methods for the magnetic field vari-
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The equivalent magnetic dipole models analyzed using geomagnetic total intensity mf U . o
data (1982~) at the surface of Kusatsu-Shirane show the anomalies due to thermal B I AT OBARKLE 10m A 2 2 CKILEER) &
activity under the ground around Yugama. Blue and red circles indicate negative and £ HhT—2%BiFLA-E MBI B FETIL (1982~)

positive anomaly sources, respectively. FILEH. FKIINEERT
The equivalent magnetic dipole models analyzed using geomagnetic
total intensity data (1982~)
Blue and red circles indicate negative and positive anomaly sources,

O N LIADLIRMEERE respectively.

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.
‘ : MBI E(CH T M T HREERREE
O : 2013FBIER
B 2014FRITE A
Locations of MT sounding survey sites at Meakandake.

[J : survey sites in 2013
M : survey sites in 2014
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R1 : 20045F ~2008 FHE X I & TO®D Y — X

R2 : 2008 FRE N EDEGERD Y — X

R3 : 2013F ~2014FE DHERD Y — X

Two-dimensional resistivity structure along line AB at Meakandake. Red represents suspected
hydrothermal reservoirs.
B I ¥ : survey sites
! T I N 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 (ICAQ), 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.
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The nine Volcanic Ash Advisory Centers (VAACs) around the world and their areas
of responsibility (the red boundary indicates Tokyo VAAC’s area of responsibility) VEHYBTDFNESERLDEDXIUKE
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Volcanic ash cloud from Sakurajima in Himawari-8/differential
infrared imagery (28 April, 2017, 0430UTC)
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and Other Related Organizations in the Area of Responsibility




