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Opening Remarks

Moderator (Mitsuhiro Yoshimoto)

Thank you very much for coming to our symposium. It's already time to start.
We would like to start the International Symposium on Monitoring and
Observations for Prediction of the Volcanic Activity organized by Mount Fuji
Research Institute. My name is Yoshimoto, Senior Researcher of Mount Fuji
Research Institute. I will serve as the moderator today. I need to start with the
apology. Seventh presentation we were going to have by Dr. Christina Neal. She
would not be able to make it today, because she has urgent business. However,
we would like to make a presentation on her behalf on the topic that she was to
present. We would like to invite Director, Mr. Hiroyuki Tachikawa from the
Resident Affairs Department of Yamanashi Prefecture to make an opening greeting.

Hiroyuki Tachikawa

Good morning ladies and gentlemen. As was just introduced, I'm Tachikawa,
Director of Resident Affairs Department of Yamanashi Prefectural government.
Thank you very much for joining at this MFRI International Symposium on
Monitoring and Observations for the Prediction of the Volcanic Activity. Since 2001,
we have invited experts from within and outside this country to organize similar
events.

We would be focusing on monitoring and observations and prediction in this
symposium. The symposium is a national icon of volcanic activity research. Mount
Fuji was inscribed as the World Heritage in 2011. There are challenges that we
face with regard to evacuation and disaster response. In order to enhance disaster
response, we have invited experts from overseas to learn from their experiences.

As you know, in the surrounding area of Mount Fuji, we have 1.4 million people
living in the vicinity. There is a major tourism industry here. We have annual
population visiting at least to the half way of Mount Fuji 1.2 million people visit.
Tourists and visitors that visit Mount Fuji for any touristic purpose is twice that
number 12 million. Once a major volcanic event occurs without any specific
disaster mitigation response, there may be a very tragic impact without me telling
you. In order to mitigate volcanic disasters, we should be able to predict the
eruption based on scientific data. And then, at the same time, we need to
communicate the result of research to residents as well as tourists. The
information we provide and communicate should be as accurate as possible so that
we’ll be able to engage in wide area disaster response.



Opening Remarks

MFRI is working with other research institutes in Japan and outside Japan to carry
out the volcanic monitoring so that we’ll be able to detect precursors of volcanic
episodes.

Today, we decided to focus on advanced cases and experiences of monitoring and
observations to predict volcanic activities. We have many presentations scheduled
today. Those who are supposed to present today are asked to join in, in the panel
discussion later on. Yamanashi prefectural government I'm pretty sure is going to
learn so much from this symposium. We are hoping to use that outcome for better
disaster response.

In closing, I would like to present my wish that this symposium is going to be very
useful to all of the participants in the audience. Thank you very much.

Moderator
Thank you very much Mr. Tachikawa. Next, from MFRI, our researcher, Dr. Ryo
Honda would like to brief you on today’s program.
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Briefing

Ryo Honda

Good morning ladies and gentlemen. I'll just briefly explain the objectives of this
symposium. As most of you may have heard about this, but we would like to
understand what kind of mountain Mount Fuji is and also look at some of the
characteristics of the volcanic disaster mitigation at Mount Fuji. We, first of all,
don’t know where the event location will be and the magma that flows out is quite
fluid. Therefore, we expect that from the precursor to the actual eruption, the
time will be very short. From these two aspects, we can understand that the
eruption will be very sudden and abrupt.

So, what is it that we need to do to prepare against such a disaster? First of all,
volcano information, we need to have real time disclosure of information on the
volcanic activities. There are people who live close to the mountain, therefore, we
will have to make sure that the information provided is understandable to the
residents. In other words, it means that we need to have residents understand
what they will hear. Of course, it may not be easy but we have to make sure that
we continue to educate residents so that they can understand about the
information.

Now, the warning level as well as the evacuation order will be communicated to
the residents in this order. First of all, they observed data. How do you understand
and read the observed data? By making sure that people can understand how to
look at the observed data, we believe that it would be very easy to understand the
warning levels as well as the evacuation order that will be provided by the
authorities. Now, we have many experts gathered here today. And, we will be
learning about actual examples of monitoring and observations. We hope that
people can grasp what and how much can be understood through these data. We
hope that we will be familiarized with volcanic information. That’s the objective of
this symposium.

Dr. Christina Neal, the scientist in-charge of the USGS Hawaiian Volcano
Observatory was unable to come here in person. So, I would like to read her script
that she has prepared while we show her PowerPoint presentation. I hope to have
your cooperation and understanding. Thank you very much.

Moderator

Thank you very much Dr. Honda. Now, we would like to start the first session,
‘The Eruptive History of Fuji Volcano, Japan’. Our first speaker is Dr. Akira Takada,
the Geological Survey of Japan from AIST. He will talk from a geological approach
about Mount Fuji as volcano. Dr. Takada please.
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The eruptive history of Volcano, Japan

Akira Takada

Good morning ladies and gentlemen. Today, I will talk about the digest of the
eruptive history of Mount Fuji. Well, Mount Fuji had been researched by many
researchers. We created this geology aspect after Professor Tsuya or Professor
Machida. All those researchers in this institute (MFRI) also have been researching
Mount Fuji. I would like to talk about just brief digest-of it.

Mount Fuji, the height is 3776 m, so it’s the highest mountain in Japan. But the
direction that people don't like is this (the southeastern foot), for example,
Katsushika Hokusai in his ukiyo-e never drew from this direction. Mount Fuji is
really beautifully shaped and it is the symbol of the Japanese beauty. In ukiyo-e
pictures, an angle that was never depicted is that of eastern or southeastern foot.
But, for us volcano researchers, this is a very important angle. As you know, this
is the Hoei craters of 1707 eruption. Since then Mount Fuji has been quiet. So,
what is going to happen to Mount Fuji? I think that is going to be the major
challenge from now on.

Now, Mount Fuji, the location, well, this is the Japanese archipelago. Japan island
is developed on four plates in a very complicated manner. As you can see, Mount
Fuji is located in a very complicated place as plate boundary. It is surrounded by
many active faults. It is prone to many stresses from around. This is Mount Fuji
here. Mount Fuji lies on the northern top of the Philippines sea plate subducting
beneath Japan Island. But actually, there is the Pacific plate from the eastern side.
Magma of Mount Fuji is produced in the Pacific plate, and goes up and through the
Philippines sea plate. And Mount Fuji is surrounded by active faults. So, itis prone
to many stress.

Now, a photo of Mount Fuji is taken from the Lake Yamanaka. It has a rather
strange shape. This is the angle which the ukiyo-e painters never drew. It's not
really a beautifully shaped Mount Fuji, as we know.

Mount Fuji is believed to be a beautifully shaped volcano. But the direction which
the ukiyo-e painters never draw Mount Fuji is from the eastern foot. But in the
historical process, this is a very important angle scientifically. I show a schematic
section. This is the Ashitaka volcano, a very old one. On top of that is Komitake
volcano overlying and also pre-Komitake. And, Mount Fuji lies on Komitake
volcano. Mount Fuji didn't rise higher on its own. Actually, it’s built on such
foundations.
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The eruptive history of Volcano, Japan

Mount Fuji, if you look at the history, it goes back to 100,000 years. This is the
volcanic ash 100,000 years ago that came from a far. Mount Fuji has grown on
top of that since 100,000 years ago. Below Mount Fuji, there are Komitake and
pre-Komitake volcanoes. Mount Fuji lies on top of those volcanoes and 100,000
years have passed since then. The volcano has grown through an ice glacier age,
Jomon period, Neolithic period, Yayoi period and all those histories of human kind.

In the beginning, Mount Fuji was adjacent to these Komitake and pre-Komitake.
And then, it was covered by the ice and they melted to cause many mud flows
(lahars). And then, Mount Fuji not just went higher but it's scary. But sometimes
it experienced some collapses. So, through those years, Mount Fuji underwent
explosive eruption and then sometimes went really quiet and sometimes again
made some eruptions. So, for people in Jomon period, this was a really scary
mountain.

There were cases of edifice collapse. This was very basic information but explosive
eruption goes like this. This is Sakurajima and also you see lava flow. This was
what was happening in old days. If you go to the foot of the Mount Fuji, you can
actually see the products of the explosive eruptions deposited and accumulated.
For example, this is the volcanic ash from Aira Caldera, Kyushu, southern part of
Japan 24,000 years ago intercalated in between. In that sense Mount Fuji
underwent explosive eruptions. You see all the accumulation of the products.

During the ice age or glacier age, it was covered by the ice. When erupts, very hot
lava goes out, flows out and it melts all the ice and it involves many things as it
flows. This is what happened. It created a very wide area of foot. Right now, it's
very beautiful but this is how it was made. We made some analog experiment on
a model of the volcano. We actually created an analog model of the volcano and
put sand on and then put water on. Then, you can see that it spreads out.

The foot spread out in a wide area and it’s in the very right. This is how the very
wide foot of Mount Fuji was created and formed. Not just in mud flow (lahar)
spread but it's also scary, Mount Fuji not just went higher but also collapsed
sometimes. The major one occurred about 20,000 years ago, and it collapsed to
the Western foot and created the Tanukiko debris avalanche deposits. The current
Mount Fuji was formed in a little bit side way. This is the blocks of the Tanukiko
debris avalanche. You can see lot of individual or independent collapsed blocks.
We often see very small scale lahar or avalanche these days. And, we believe that
the debris avalanche of Mount Fuji was something like this although much bigger
in size.
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And then, I would like to talk about the history of Mount Fuji. As I said, there were
some debris avalanches in the past. Mount Fuji underwent many fissure eruptions.
This is what the fissure eruption is. You can see that it all comes within the radius
of 13.5 kilometers. The figure shows all the fissure eruptions that started from
20,000 years ago. The distribution pattern isn’t radial but they are mainly trending
the Northwest - Southeast direction. Particularly, there are many long fissures on
the northern foot.

Now, Mount Fuji was seen in detail starting from 20,000 years ago. There were a
lot of lava flow and also explosive eruptions. During this time, we believe that this
is the Jomon period and people were watching the eruptions of the Mount Fuji.
From 20,000 to 5600 years ago, a large amount of lava came flowing down. The
major ones were like this. The longest flow reached to the location of the recent
Saruhashi station of JR Chuo Line. You see a picture of a Hawaiian Kilauea, Hawaii.
We believe that the lava flow at that time was like this.

If you visit the foot of the Mount Fuji, you can find a lot of geological sights. For
example, you will observe Funatsu Lava flow at the northern foot. This is Lake
Kawaguchi. Now, the lava flow was massive in amount at the lakeside. After that
followed the period of explosive eruptions. That made Mount Fuji higher and
higher. You can see the various deposits from 5600 to 3500 years ago along the
Osawa valley at the western flank. From 3500 years ago to 2300 years ago, the
summit eruptions were dominant but Pyroclastic flows were associated. This is a
period from Jomon to Yayoi period so people at this time were watching such
explosive eruptions.

Airfalls (Volcanic ash) usually carried from west to east due to the Westerly, but
sometimes they flung to west. Isopach map shows the distribution of the thickness
of the volcanic ash.

Since 2300 years ago, the summit has been quiet. If you climb to the summit,
you can observe 250 meters deep summit crater. At the cross-section, you fined
the summit covered with many pyroclastic deposits like a blanket. The last summit
eruption is named Kengamine or Yufune-2. You can see the products indicated in
the yellow arrows. Since then, the volcano has caused no summit eruptions, just
the flank eruptions. And, 2900 years ago, the eastern flank collapsed to cause a
debris avalanche to Gotemba. This created some hummocky hills. When a flank
collapse occurs, the parts of the mountain are left as blocks at the mountain foot
as small hills. For example, one of them is-now named as Takatsuka, a small
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mountain. If you go to the eastern foot, in the Gotemba side, you can find such
hummocky hills.

About 2300 years ago, AD 0, we see well the summit eruption went quiet. Only
flank fissure eruptions became dominant. We see now active human history period.
The very famous one is the Aokigahara lava flow (AD 864- Jogan eruption). The
fissure eruptions occurred at the northwestern foot and buried some lakes. You
can see some fissures created. The last one was the Jogan eruption started from
864. -The eruption lasted at least for 2 years.

After that in a higher altitude, the volcano caused some eruptions. For example,
Kenmarubi 1st lava flow reached the present location of research institute and 2nd
lava flows reached apso. This started in a very high altitude place for example 8th
station of the mountain. The image was like this. There was lava with de-gassing
in the summit crater. The lava sometimes had flown over the crater or broken its
summit flank to flow down.

This is the picture at the summit crater. Right now at the crater, there is nothing
so if you go down that crater, you can see the cross-section of the crater. There
was a time when the lava was deposited here. So, you can see that in the cross-
section. Our researchers went down and they were picking up some things.
Actually, they found some old coins. I think they are the coins of Nara period long
time like 1200 years ago. People at that time threw in the coins, so we found very
ancient coins but we found no current coins. Probably, people are stingy these
days. It's so surprising but we found lots of ancient coins with holes in the middle
from the Heian period or Nara period 1200 years ago or something like that.
Since then or after that smoke kept coming out from the summit. You see many
records, for example, ‘The Tale of Taketori’. We don’t know if it’s real or not but
there was also a record that Miyako no Yoshika climbed top of the mountain in 9Sth
century. But there was no explosive eruption at the summit. All of them occurred
in the flanks. And then after that Mount Fuji became quiet. In Kamakura period
12th or 13th period, we can see as people wrote in the poem even no smoke came
out and then the quiet period lasted.

And then after that lastly we go up to Hoei period 1707. Mount Fuji kept quiet for
about 300 years but the Hoei eruption suddenly started from the east side or
southeast and made three great holes in the flank. It created no lava but it saw
an increase in earthquakes and they were sound and then the eruption started.
This was a very major event. And, 49 days later at the New Year’s Day of the next
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year, it stopped. In creating a very beautiful foot, the shape is quite strange and
created three big craters in the flank. The picture remains a drawing at that time.

Now, this eruption, well, it's going to have a major impact if it occurs today but if
there was an eruption of Mount Fuji, the Westerly will carry all the ashes. For
example, even in Tokyo, they see some piling up of the ash for several centimeters
right here in the southern part. There were also major damages. Also, not just
collapsed houses and burnt houses but at the foot of the mountain, there was a
mud flow and creating a flood in Odawara and bringing about many disasters. Also,
very minute ash reached Tokyo.

Except for Ibaraki if such ash is to reach Tokyo, well, it’'s going to have a major
impact. Mount Fuji has been quiet for 300 years. What is going to happen from
now on? This is something that younger people have to think about but Mount
Fuji not just the eruption but there are a lot of springs at the foot. These springs
brought about many benefits and blessings to us. And also, Mount Fuji is the
subject of worship. There are many shrines also. It seems that these shrines were
built on the lavas in order to make Mount Fuji very quiet. These shrines are deeply
related with volcanoes. These days Mount Fuji is quiet but sometimes we feel
earthquakes.

I talked briefly about Mount Fuji, but it has a history of about 100,000 years. There
was a time when it went quiet. But also it underwent active periods. Right now,
it's quiet. Also, there is some collapse in the mountains. But ever since the last
collapse, Mount Fuji has been quiet and there was also a period of explosive
eruption. But right now since Hoei eruption, it's been quiet for 300 years. So,
what is going to happen we have to see.

So, the challenges would be, as I said, there were earthquakes occurring in the
bottom. It seems that the mountain volcano is alive, but it's been quiet for 300
years. We made a research on Mount Fuji and we published a geological map. In
case of Mount Fuji, hazard maps have been created by Cabinet Office and many
simulations are taking place. This is a brief history of Mount Fuji. Thank you very
much.

Moderator

Thank you very much Dr. Takada. I would like to entertain one question for this
lecture. If you have no question right now, we will have a question and answer
session later on. So, Dr. Takada, thank you very much. Let’s move on to the next
presentation. We have the speaker, Assistant Professor Yosuke Aoki from the
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Earthquake Research Institute of the University of Tokyo. He is going to talk about
the internal structure of Mount Fuji.
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Internal structure of Mt. Fuji

Yosuke Aoki

Thank you very much. The topic of today’s symposium is prediction of volcanic
activity. Therefore, the basic information that is needed for the prediction has to
do with internal structure, how magma rises? How it's stored in magmatic
chamber and so forth. So, in my presentation, I want to talk about the internal
structure what we know and what we do not know about the structure. There are
a lot of things that we do not know.

In many ways, Mount Fuji is special by which I mean that it has beautiful landscape,
it has beautiful shape. Also, the sheer size of the mountain itself, in Japan, it's the
highest mountain. It has large volume of edifice meaning that volcano repeats
eruptions. Every time it erupts, the body of the mount is formulated. There will
be a lot of magma erupted from the vent. As Dr. Takada said for the past 100,000
years, Mount Fuji was formed but it’s a young volcano. Having said that it has a
very large volume. In other words, magmatic eruption extends to 100 times bigger
than other volcanoes in Japan.

Over the last 100,000 years, Mount Fuji on the average is very active compared
to other volcanoes erupting large amount of magma. That’s one feature of Mount
Fuji. And then, naturally, we have multiple questions on our mind. Let me
introduce some. Why Mount Fuji is located here and why Mount Fuji is so large?
Is magma from Mount Fuji low viscosity? Why is the rocks that are erupted from
Mount Fuji black? A lot of times, the volcano has rocks that are whitish or grayish
but the rocks that you found on Mount Fuji are black. Why the rocks erupted from
Mount Fuji are of low viscosity?

The last question here is the question about this low viscosity of magma in Mount
Fuji. Magmatic supply space is done from the depth. And, as a result it has a very
high velocity of ejection, very high supply of magma. New magma will be ejected
from the crater. That’s probably why we have low viscosity in erupted rocks from
the Mount Fuji. If magma is retained for a long time in the magmatic chamber, it
increases viscosity. But in the case of Mount Fuji, the magma does not stay in the
chamber for a long time.

Why Mount Fuji is located here? We have at least a partial answer to that. Let
me show you the next slide to answer that question at least partially the reason
why Mount Fuji exists there. We have the partial answer. But bigger question is
why is Mount Fuji large? For this question, I do not have an answer. There is no
consensus amongst researchers.
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So, why Mount Fuji is so large compared to other volcanoes in Japan? We have to
collect pieces of information to try to understand why Mount Fuji is so large. To
try to talk about Mount Fuji specifically, I want to look at all the other Japanese
volcanoes from the point of view of how they were formulated.

If you look at the global volcanoes, they are grouped into different types in Hawaii,
for example. Volcanoes in Japan they were formed differently. But Japanese
volcanoes were formed when you have a plate subducting. Under the magma, we
have Pacific plate and Philippine Sea plate. They subduct. Subducting point is
under the sea. So, the sea water will join in. There will be a pressure applied to
100 to 150 kilometers. There would be the rocks that are dehydrated. The water
will be excluded from the rocks. With this dehydration of rocks, melting point will
decrease in the rock. So, partially the rock will melt and dissolve. Meaning there
will be lower density. There will be a lift applied to the rocks. They will rise. When
the depth is shallower, the pressure will be much less with lower density. As a
result, there will be a magma chamber formed.

There will be other reasons it gains additional lift to come close to sub-surface.
This is how volcanoes are actually formed. The same applies to Mount Asama as
well as Mount Fuji. So Pacific plates subducted under the depth of 100 kilometers.
We partially understand how Mount Fuji was made. We have 110 active volcanoes
in Japan. They are actually marked by red triangles. As you can see, they are
lined up in a linear way. There are two lines there. To be more precise in Kyushu
too there is a line of volcanoes. They are all aligned on this line in Kyushu area.

Again, at the depth of 100 kilometers when there is a subducting plate, they will
be the source of magma created. This source of magma started to rise to a
shallower area to form magmatic reservoir and this forms a volcanic mountain.

This is a magnified view of Mount Fuji. As Dr. Takada mentioned, Mount Fuji is
located in a special location. Philippines sea plate is here from the south to
Japanese peninsula. It has a strike in this direction. There will be subduction
through the trough and there is another subduction at the point of Sagami Trough
and there will be the contact. If we extend this, it reaches to Nankai Trough which
is often reported in news media. The last major earthquake was observed here in
1945. The southern subduction plate in 1964, there was a major Nankai Trough
earthquake with over a magnitude 8.4. In 1993, there was Kanto earthquake
caused by subduction plates. There is a clash of plates at this specific location.
The Eurasian plate, Okhotsk plate and Philippine Sea plates, they actually meet,
there will be triple junction under Mount Fuji. That makes Mount Fuji so special.
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Now, what forces are applied to Mount Fuji? Because of this special location on
this side, there is subduction of plates and there is subduction on the other side.
This is a junction point of multiple plates. As Dr. Takada said from northwest to
southeast, the compression occurs. There is a strike of this direction northwest to
southeast. When compression force is weak, there will be a tendency of events
formed. These indicate fissures. We had a summit there and northwest and
southeast direction, there are a lot of events, craters formed. In the same
direction of northwest to southeast, there are a lot of fissures observed. The shape
of Mount Fuji as well, it is not a perfect circle. It is extended in this direction from
northwest to southeast because of the disturbed stress field.

If you look at summit area, there are radial extensions of craters close to the
summit. Compression force of northwest to southeast and also the weight of its
edifice both of these are the loading factors and that is why we have the alignment
of events created radially around the summit. We are trying to predict the next
eruption of Mount Fuji. It’s very important to be able to predict exactly where the
event is formed. Itis likely the events will be formed in the direction of northwest
or southeast. In terms of probability, if you look at erupted rocks in the past Izu
Oshima Island and Miyakejima Island when they are compared to Mount Fuji, there
will be magma that rises there. There is a lift applied but the lift saturates. The
height of magma is different between Mount Fuji and Izu arch. It's about 20
kilometers for the Mount Fuji, magma head height that is.

As I said earlier, Philippine Sea plate contacts with other plates under Mount Fuji
and Philippine Sea plate thickness is thicker there. The density of rocks in the
shallower area is lower because of that. That is why the depth of magmatic
chamber of Mount Fuji is deeper than other Izu volcanoes.

In 1707, there was Hoei eruption. This was a major explosive eruption. This is
the magma chamber at about 20 kilometers deep. They were all existing magma
and newly supplied magma they were mixed together to make it more explosive.
Again, the magma chamber was located at the depth of 20 kilometers from the
ground.

If you look at shallower internal structure under Mount Fuji, there are multiple
ways to approach that. That would be the best possible way. Largely, we can look
at seismic velocity and also electric survey and gravity. These are major events.
Today, I want to focus on seismic velocity and also electromagnetic measurement
or resistivity. If you need to study seismic velocity, you actually tap a watermelon
to try to predict the sweetness of watermelon. It’s kind of similar to that. In the
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medical world, we have MRI, X-rays, CT scans to try to understand what'’s inside
the body. It's similar to that as well. We are trying to understand the waves that
trans pass a body but the ground body is so large we cannot select multiple or
many observation points. It’s not that we get to understand everything what is
inside the volcano, but we do use this method to try to understand the internal
structure of Mount Fuji.

This is close to 25 or 30 kilometers in terms of depth trying to understand internal
structure inside the ground, deeper the depth, there will be higher pressure. So,
the earthquake velocity will be faster. But when there are low frequency
earthquakes areas 2000 to 2001, we had multiple low frequency earthquakes.
Because of that the seismic velocity was slow because we had magma high
temperature [Unclear] exists. The magma may exist close to this low frequency
earthquake area. This is 10 to 15 kilometers deep.

If you go deeper, we have to apply different measurements. We would look at
seismic velocity, but we apply different analysis. [Unclear] velocity of the seismic
waves, we would look at also contrast, the contrast between shallower or a deeper
level. We have receiver function to calculate. As a result for this analysis, maybe,
high for you but you can see that there are velocity boundaries. This is 40 or 50.
You see the velocity boundary also because of plate abduction, there is also a new
velocity boundary formed around here.

This is the model trying to describe what is taking place. The frequency, low
frequency earthquakes occur here. In the same area, just below low frequency
earthquake area, there is magma chamber. At the depth of more than 20
kilometers, the bottom of magma chamber is clearly observed. So, 10 to 15
kilometers deep up to 20 kilometers, you will see the area of low frequency
earthquakes as well as magma chamber. I don’t have a model to show you but
more recent research shows the size of magma chamber is not as big as we had
expected early on.

Around here, there are weaker velocity contrast areas, this will be the pathway for
magma supply from the deeper area. The magma will be stored at the depth of
20-25 kilometers from the ground.

If we look at resistivity structure, the low frequency earthquake area is here. It's

below that at the deeper area, there is low resistivity area indicated by red and
white low resistivity area were discovered. Meaning that with low resistivity, liquid
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does not draw a lot of electric current. When there is resolved liquid, there would
be electric current that passes that indicates the fluid magma existence there.

We have come to understand that Mount Fuji has at the depth of 10, 15 further
down to 25 kilometers in terms of depth, there is magma chamber of smaller size.
In relation to that, there are low frequency earthquakes that constantly occur. In
2001-2002, we had more of these low frequency earthquakes. The low frequency
earthquakes do indicate the volcanic activities of Mount Fuji.

This is my last slide, the summary slide. As I said earlier, Mount Fuji is located
near triple junction of three different tectonic plates. It has a special location. Due
to tectonic deformation, there is a stress applied to Mount Fuji from southeast
direction. Because of that the shape of Mount Fuji is influenced by that stressed
field. Magma chamber existed at the depth of 20 kilometers from the ground
which is deeper than neighboring volcanoes in Izu Island.

Why Mount Fuji is large and why we have low viscosity magma generated and
erupted this is an important issue to understand the Mount Fuji magmatic activity,
although we do not have the perfect answer to this. That concludes my
presentation. Thank you.

Moderator

Thank you very much Dr. Aoki. I'd like to invite questions on this presentation.
Thank you Dr. Aoki. Next, we would like to move on to the third lecture. So, we
have from Hokkaido University, the Institute of Seismology and Volcanology,
Professor Hiroaki Takahashi who will talk about deformation signals prior to
phreatic eruption in Meakan-dake volcano. So, Dr. Takahashi please.
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Deformation signals prior to phreatic eruption in Meakan-dake volcano

Hiroaki Takahashi

Good morning ladies and gentlemen. I'm from Hokkaido University. My name is
Takahashi. I'll be talking on this theme. Far away from here is Hokkaido, and I
would like to talk about the volcanoes on Hokkaido. Now, the volcano I focus on
today is Meakan-dake Mountain. It's located on the eastern side of Hokkaido right
here. Just last month, there was an earthquake here centered around this area.
It’s about 200 kilometers away from the earthquake area.

I have several photographs, I would like to show you. It's located in the Akan
National Park and there are two peaks, two mountains. On the left hand side is
the Meakan-dake mountain which rises 1499 meters and on the right hand side a
mountain shaped like Mount Fuji is called the Akan Fuji. It is a very beautiful
shaped mountain. The height of this mountain is about 1500 meters. So, from
the foot all the way to the summit, it takes about 3 hours to go up. Elementary
school students even can do the trek all the way up to the summit. At the foot of
the mountain when Akan Fuji erupted, it created a crater and now there was a lake
there called Lake Onneto.

Usually, the mountain is very quiet but this volcano in the past 50 years has
repeated phreatic eruptions. In the case of Hokkaido this year, it's been 150 years
since Hokkaido became Hokkaido. Before that it was habituated by the Ainu people.
Ainu people didn’t have letters or writings, so there are no records of past eruptions
that date back more than 150 years ago. We don’t know through documents about
eruptions for example that occurred 200 years ago. We would have to do a
geological survey. But in the past 150 years ago, the first recorded eruption was
in 1955. This is the photograph from that eruption and then every 10 years or so,
phreatic eruptions occurred. In 1988, we had the famous one and then the left
hand bottom is the 2006 eruption and the right hand bottom is the 2008 eruption.

So, phreatic eruptions have been occurring repeatedly. But if you look at the left
hand side, you can see people are here. All the eruptions were phreatic explosions.
They were not magma related eruptions. The scale of the eruption was not that
large. There were no direct physical or property damages.

This is what it looks like today. If you go up to the summit, this is the mountain
that looks like Mount Fuji, the Akan Fuji at the top. You have some fissures like

this and then you have the craters and you have smoke coming out like this.

This is the phreatic eruption of 2006. I went up to the middle of the mountain in
snow, and it erupted here and thermal water spurted out and debris flow occurred
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along the slope. And, because there is snow here, it means that you wear the
traditional Japanese snow shoes called kanjiki. Therefore, I used that to climb up
the mountain and I went all the way up to where the mud flow occurred. I took
my dog with me and the dog was interested in the mud flow. This is an example
of a phreatic eruption.

The Meakan-dake eruptions in the past 50 years were basically phreatic explosions.
There was no direct magma coming out. However, I believe phreatic explosion
you will be reminded about Mount Ontake eruption where many people died 4
years ago. Left hand side is the Ontake-san map and it indicates how many people
died where. The red dots are the craters created in the eruption 4 years ago. This
is the summit. Close to the summit, you can see that many people have lost their
lives.

Now, what about Meakan-dake? Let’s say a phreatic eruption occurs, will there be
human damages, any deaths or casualties? The two maps are created at the same
scale. You climb up Meakan-dake here and then you walk around the crater and
come down this way. In the past 50 years, these are the craters or some eruptions
did occur outside of the crater but these are the areas where the eruptions
occurred in the past 50 years ago or so. And so, if Meakan-dake especially around
this time of the year many people will go up the mountain to enjoy the colorful
leaves. And, therefore, if an eruption occurs it means that many people may
become victimized just as in the case of Ontake-san.

So, Meakan-dake what is happening inside of the mountain? Are there signals that
will tell us that phreatic eruptions are imminent? So, we have tried to carry out a
survey from that viewpoint. We have carried out all kinds of observations but this
is from 2 years ago. We have looked at the satellite information around Meakan-
dake. We saw that the land is bulging and rising. So, this is the summit on the
eastern side here, this purplish part, underground, about 5 kilometers
underground something is forcing the ground to expand and inflate. Using these
observation data, we are trying to understand what is happening under Meakan-
dake and we are starting to learn some things.

This is the image that we have created based on our observations. Deep down
under Meakan-dake, about 20 kilometers deep, the second largest active deep low
frequency earthquakes are occurring. Of course, number one is Mount Fuji but
number two where we have the deep low frequency earthquakes is Meakan-dake.
So, from 20 kilometers underground to 5 kilometers underground, we right now
do not know what structure looks like here. But from about 5 kilometers
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underground, we see that some sort of magma chamber or other thing is
accumulating a lot of matter or substances.

And, from 5 kilometers to zero kilometer, the very shallow areas, there is an
aquifer. According to our survey, we understand that and so there are a lot of
earthquake swarms that occur around Meakan-dake. We believe that it’s occurring
around this area. From 5 kilometers underground probably some kind of volcanic
fluid is trapped here causing these earthquake swarms. So, at zero kilometer
depth, the fluids may come up the mountain edifice and in the end, probably this
fluid turns into gas. There is a phase change that occurs and that is probably
causing the small scale phreatic eruptions.

As data to support this in Meakan-dake, we do see these earthquake swarms and
before they happen at the depth of about 5 kilometer maybe a magnum chamber
or something is deflating. We do understand that that is the phenomenon that is
being observed. There is a deflation occurring at this depth and then that is
transferred to the more shallow areas causing the earthquake swarms. As it goes
up, a phase change occurs where liquid turns into gas meaning that the volume
increases. We do have some observation data that is indicating that. Right under
the crater when these volcanic tremors occur and we can also capture these long
period seismometer readings, we do see that something is happening here. And
by using such data, we can understand what is happening in between 5 kilometers
underground all the way up to the crater.

Based on the image that I have just shown you, we are trying to carry out some
observation so that we can capture signals indicating an imminent phreatic
eruption. We are trying to look at deflation occurring at a depth of about 5
kilometers underground and also shallow tremors. We are looking at the change
in amplitude and whether the area of tremors are moving about. So, these are
things that we are trying to capture. Based on the technology that we have, we
can get these readings.

To give you an example like before an earthquake swarm there is a deflation that
occurs underground. This is the number of earthquakes per day of volcanic
earthquakes. Before the earthquake numbers goes up around Meakan-dake, we
use these volume distortion measures which indicate that there is deflation
occurring in the mountain and that occurs deep underground and that creates
more shallower earthquake and tremors.

Now, as it goes up to the shallow areas on the magmatic fluid, what happens to
them? We have the seismometers and the tilt 10 meters on the mountains. On
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Meakan-dake from about 50 years ago right under the crater about 1 kilometer
below the crater, we have understood that there is a source of tremor there that
is causing these tremors all the time. And also, we are looking at how electricity
flows. We have devices to measure that. We understand that there is some kind
of fluid matter that exists in this area.

So, we are trying to look at these tremor sources. If some change occurs in these
sources, we may have to prepare for an imminent eruption. Right under the crater
in the thermal chambers, we see some data that indicates some movements in
these chambers. These are the volcanic tremors and these seismic waves that
were captured. It looks like this. If we look at the deflation or inflation of the
ground, we can see that there are some inflations occurring on the mountain
edifice that is being caused by some movement that is occurring right under the
craters.

If the sudden inflations occur under the crater, we can expect that gas may spurt
out from the crater. We do have some data indicating that. Volcanic tremors
occur and right after that a thermometer was placed close to the crater of Meakan-
dake. This is the thermometer data. But this is where the tremors occurred. And
then, after that we see that the temperature around the crater has moved all the
way up to close to the boiling point.

In a very shallow area under the crater something is happening. Probably fluid
has turned into gas because of phase change and at this time no eruption occurred.
However, from the crater, it is slowly being emitted. Therefore, that is causing
this sudden change in temperature. So, around the crater and the seismometers
on the mountain and also the tilt meter are being used to observe the changes
occurring on the mountain. By using all these data, we can capture changes that
may lead up to phreatic eruptions. By using such information, maybe, we can
provide volcanic eruption warnings. We have started to think of such a flow.

First of all, we do have the sudden increases in volcanic tremors. As I said earlier
at a depth of about 5 kilometers, maybe, the magma changers are deflating or
inflating. If it is deflating probably in the shallow area of the volcano some fluid is
being injected from the more deeper areas. So, if there are deflations occurring,
we may have to go for issuing a warning telling people not to go close to the crater.
And then, after that right under the crater if there are tremors being observed, the
distortion meter will be looking at the volume change on a real time basis. And
so, if the inflation is sudden, it may lead to an explosive eruption. Therefore, under
the crater if we observe some inflation, we will have to issue a warning telling
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people not to enter or approach the crater. So, we have to understand the
mechanism under the crater but by understanding that we will be able to utilize
the information for issuing the warnings.

But it is very difficult to try to predict when an eruption may occur. I've just talked
about the ideal situation. We may notice nothing and suddenly we see an eruption.
But what the most important thing after an eruption is to capture at a real time
the scale of that eruption. If the eruption is very small, we suggest ban people
from entering the crater or approaching the crater. However, if the scale is large,
we may have to ask people to stay farther away from the mountain. Therefore,
capturing the scale of the eruption on a real time basis is very important. Around
volcanoes many organizations have now installed all kinds of observation devices.
Therefore, we may be able to capture the changes occurring on the mountain much
easier.

So, to conclude, in the case of Meakan-dake what's causing these earthquake
swarms that’s because of the fluids coming up from deep down. What is the
volume of the fluid coming from the deeper area to the shallower area? If we can
capture that, we may be able to understand the scale of the eruption. And also
right before the eruption under the crater there are these tremor sources which
we can look at and observe. That is all from myself. Thank you very much.

Mpderator
Thank you very much Professor Takahashi. Are there any questions about the
presentation that was just made? We may be able to accept maybe one question.

Female Questioner

I'm Omori from Oshino Village close by. You have talked about phreatic explosions.
Mount Ontake also was a phreatic explosion. It was said that I think the NHK
broadcasted that there were no observations being made therefore it wasn’t known
when the eruptions would occur.

Hiroaki Takahashi

Well, there are many things that we cannot understand even if we do carry out
observations and what I've just presented here is just an example. It's not as if
we can predict everything that happens in nature. Yes, we do need to observe but
it doesn’t mean that we will understand everything just because we have been
observing. I believe that’s the difficulty right now.

Female Questioner
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Yes and the NHK program also said that so I understand. Thank you very much.

Moderator

Thank you very much Dr. Takahashi. Our next speaker is number four, Professor
Satoshi Miura from Research Center for Prediction of Earthquakes and Volcanic
Eruptions, Graduate School of Science, Tohoku University. His title is ‘Preparatory
Process toward an Eruption after a Long-Term Rest of Zao Volcano, Northeastern
Japan’.
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Preparatory process toward an eruption after a long-term rest of Zao Volcano, Northeastern Japan

Satoshi Miura

I'm Satoshi Miura from Tohoku University. Thank you very much for inviting me
to speak here today. Now, I would like to talk about a volcano in Tohoku region.
This photo in the first slide shows the summit area of Zao Volcano, which is located
about 60 km SW from Sendai. You can see a lake, which is the crater activated in
the recent eruption in 1895. This area is one of the most popular tourist spots in
Miyagi and Yamagata prefectures, and can be easily reached by car through the
paved road with an additional few minutes walk. It means that the area is the
potential hazardous area if the volcano erupts in a fine daytime.

The second slide shows the eruption history of volcanoes in Tohoku region from
north to south in the past 10,000 years based on the online database provided by
the National Institute of Advanced Industrial Sources of Technology. The horizontal
axis is the time starting from 8000 BC up to present. The vertical axis is eruption
magnitudes. As you can see, the most of them are very quiet with only a few
eruptions, or with long resting intervals. However, Zao volcano is one of the most
active one in the generally quiet volcanoes in Tohoku as you can see in this
diagram.

If you look at the eruption history in the historic time shown in the table of the
third slide, which is compiled from “National Catalogue of the Active Volcanoes in
Japan (JMA)”, the volcano was very active in 17th and 19th centuries. The latest
one occurred in 1940 with rather small magnitude. Some researchers propose
that this is not an eruption, though.

However, the activity of Zao volcano has been raised since 2012. The uppermost
diagram in the fourth slide shows magnitudes of the deep low frequency
earthquakes (DLFE), which are characterized by their low frequency contents and
depth below about 15 km, vs. time (M-T diagram) from 2005 up to present,
together with the cumulative number of those earthquakes represented by the
continuous line. While DLFE’s did not occur very frequently from 2005 to 2011,
they were activated since 2012. It is interesting to note that the timing of the
change corresponds to the occurrence of the 2011 Tohoku earthquake (M9.0). The
activity of shallow low frequency earthquakes (SLFE) was also raised around 2013,
about one year after the activation of DLFE’s as shown in the middle diagram. The
lowermost diagram shows time-series of the cumulated energy of both DLFE’s and
SLFE’s demonstrating the characteristics mentioned above.

The fifth slide shows a M-T diagram of volcanic earthquakes and their cumulative
number from 2010 to present as a top. In the middle panel, duration times of
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Preparatory process toward an eruption after a long-term rest of Zao Volcano, Northeastern Japan

volcanic tremors are indicated along the vertical axis and their maximum
amplitudes are shown by the size of the circles. Length changes of a baseline
between Bodaira and Kawasaki, which runs across the summit are demonstrated
as the bottom panel. These diagrams are drawn by JMA. The first volcanic tremor
was observed in 2013 since JMA constructed Bodaira observatory in 2010, and the
following tremors has occurred frequently since then.

You see that the volcanic seismicity raised very much in the first half of 2015. In
the same period, the GNSS baseline changes also show expansion, which may
related to volcanic deformation. The JMA issued a volcanic warning near the crater
in Apr., 2015. Fortunately, the seismicity and extension calmed down in Jul., 2015
and it didn’t erupt. After this activity the baseline change becomes flat and the
volcanic activity have been quiet. But in Jan. 2018, the number of the earthquakes
again increased. There was not much change in the baseline, however, the JMA
observed volcanic tremors and again issued the volcanic warning near the crater.
Things went to normal one month later and the JMA turned the warning down.

The sixth slide shows a time-series of the energy of SLFE’s since 2013 together
with two periods of the volcanic warning as mentioned above indicated by two red
hatches. We notice that the energies of each event were getting larger toward the
periods of the activity maximum, even though this tendency could be just a
coincidence. Anyway, the temporal change in the energies of each event may
possibly indicate the activity of the volcano.

It is really difficult to determine the hypocenters of the SLFE’s based on the usual
method. So, using the motions of the ground, or the particle motions, from
seismograms, we try to find out the hypocenters. As shown in the seventh slide,
the red traces at each station indicate the particle motions on the horizontal plane,
which direct the epicenter. You see every particle motion directs the summit area,
slightly east of the crater lake. Taking the same procedure for the vertical planes,
we can estimate the depths of each event, too, which are estimated as 2-3 km.

The eighth slide shows an example of wave form inversions to estimate the source
mechanisms of a SLFE. These events can be interpreted as vibrations of
geothermal fluid in a crack directing ENE-WSW.

The ninth slide shows an example of typical tremors on 30th Jan., 2018 observed
by a tiltmeter at Bodaira station. You can see the tremor as high frequency
variation of tilt in this time scale following precursory gradual change a few
minutes before the tremor. It should be noted that the step-like tilt changes
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remain the same after the tremor, so we call this kind of phenomena as “static tilt
change”. 1 found 26 events out of 56 in the JMA tremor catalog beneath Zao
volcano, demonstrating the similar characteristics with this event.

The tenth slide shows some of the major events, which have similar lead time from
event to event, even though their amplitudes are different. This may suggest that
the amount of fluid causing SLFE’s differed for each event but the mechanism may
be almost the same.

We can monitor volcanic deformations using continuous GNSS observations. The
eleventh slide shows time-series of site coordinates from Jan. 2014 to Sep. 2018.
The left, middle, and right panels show eastward, northward, and upward
displacements, respectively. Looking at the eastward component, you can see the
large eastward movement, which are the effect of the postseisimc deformation
caused by the 2011 Tohoku-oki earthquake (M9.0). So, it is difficult for you to see
any volcano-related deformation. However, if we approximate the postseismic
deformation by a combination of mathematical functions, it can be excluded
effectively and the volcanic deformation in the first half of 2015 can be extracted
and shown in the twelfth slide.

The left and right demonstrate the horizontal and vertical movement around Zao,
respectively, from Jan. to Jun. of 2015. The black arrows shows the observed
ground movement. You can see the radial pattern of movement around the summit
of the volcano. And the upheaval indicated by the black bars also centered around
the summit. These characteristics of deformation can be modeled by a infinitesimal
pressure source underground (so called Mogi model). I tried inversion analyses to
find its location and magnitude. It is located about 0.8 km east of the crater lake
with depth of about 5.6 km, and the volumetric change equivalent to the pressure
change is 3.8 x 10°m3.

The thirteenth slide shows the hypocenter map with the pressure source estimated
above. The red and blue circles shows DLFE’s and upper-crust earthquakes,
respectively. The pressure source indicated by a yellow circle is located just above
the DLFE cluster. This suggests that the pressure source might be activated by
geothermal heat supplied by magma or fluid. Prof. Yasuo Ogawa of the Tokyo
Institute of Technology found a conductive zone beneath Zao volcano deeper than
about 5 km and this may support our result.

Recently. Prof. Takeshi Hashimoto of Hokkaido University compiled the depths of
pressure sources and their deformation rates for some activated volcanoes in
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Japan showing clear correlation between them. This suggests that there may be
some common physical processes even for different volcanoes. I add the
parameters for Zao volcano on the same diagram by Prof. Hashimoto to find they
also satisfy the relation. The comparison with other volcanoes may help to
understand volcanoes with so long time intervals that we cannot have modern
geophysical data before the previous eruption such as Zao.

In summary, since 2012, we have been experiencing two maxima in the volcanic
activities. Particularly, in the first half of 2015, we observed the volcanic
deformation. The pressure source was about 6 km in depth. Combining with other
data, there may be a possible magma chamber beneath that depth. We still need
to promote the research of the volcano by putting together as many kinds of
observations as possible. Thank you very much.

Moderator

Dr. Miura, thank you very much. Sorry, we are running out of time so if there are
any questions, we would like to invite the questions at the panel discussion. Thank
you very much. So, the next stop is presentation number 5 from Gadjah Mada
University in Indonesia in Java. We are very honored to have Professor Wiwit
Suryanto. He is going to talk about ‘From Geophysical Data to Public Information:
Status, Problems, and Challenges of Mitigating Volcanic Disasters in Indonesia’.
Please professor. If you do not have translation receivers, raise your hand. We
have some receivers ready for you. Please.
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Summary

* In Indonesia, information about disasters, including volcanic
eruptions, becomes a dilemma, on the one hand information
must be conveyed to the public, on the other hand there is a lot
of scientific information that requires more detailed studies that
cannot be known at this time.

» Disaster education at school for students and teacher especially
about volcano mitigation is very effective.

» Community education through social media is very helpful to
reduce false information (hoaxes) in public and introduce them
to scientific terminology
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From geophysical data to public information, status, problems,
and challenges of mitigating volcanic disasters in Indonesia

Wiwit Suryanto

Good morning ladies and gentlemen. My name is Wiwit Suryanto. I'm coming
from the University of Gadjah Mada University in Yogyakarta where the Merapi
Volcano exist. Today, I will not give a talk about the scientific point of view about
the Merapi Volcano but this is more about the mitigation effort that we are facing
in Indonesia. 1 create the title ‘From Geophysical Data to Public Information:
Status, Problems, and Challenges of Mitigating Volcanic Disaster in Indonesia’.

This is my outline of the talk this morning. At the beginning, I will give introduction
about the Merapi Volcano and how we try to make a mitigation effort of the volcano.
Then, I will talk about the recent status and updates that we are now working on
in Merapi Volcano. And then, some notes about the education works that we have
done together with MFRI and also some ideas that we want to share and some
concluding remarks.

This is our country Indonesia and Merapi Volcano is located at the center of the
Java Island. We have about 140 active volcanoes and more than 100 dormant
volcanoes along this. We have problem on managing all of these volcanoes in
Indonesia. Concerning the people living in our country so Merapi Volcano is located
in Balerante, fully dense area, so it's more than 1000 people per square meters.
This has become a real problem because mostly the population lives in an area
where the volcano exists. This is another problem that we are facing in Indonesia.

This is the Merapi Volcano. It's located in the central part of central Java. This is
the Yogyakarta city. This is around 25 kilometers from the volcano. This is the
last pyroclastic flows eruption up to 13 kilometers of the flame of the Merapi
Volcano.

I will show you this is an oil paint from Raden Saleh in 1865. This is the very beginning picture
of explaining how is the eruption of Merapi. Raden Saleh, the painter has two paintings. The
first is Merapi eruption in the day time and this is the painting of Merapi eruption in the night
time. It’s a very bold painting and showing how is the type of Merapi eruptions.

From the historical point of view, we are facing almost every year of Merapi
eruption. Since the beginning of 19th, we have the record of the type of volcanoes
and also the casualties caused by the volcano eruption. The last explosive eruption
happened in 2010 and it caused 322 people died.

This is more or less the geological map of the Merapi Volcano. Also showing the
last pyroclastic flow path to the south part of the volcano. The previous eruption
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path is to the southwest and now the south part has become a dangerous area.
The Yogyakarta city is located in the south part of the volcano.

Okay, I will give you some idea on how we monitored the volcano. For Merapi
Volcano, the most important data is the deformation. This is a record from the
EDM, Electro Distance Meters measuring the distance from some point to one
station usually at the summit of the volcano. I will show you here that during 2006
eruption, we have clear precursor before the eruption. So, 4 weeks before the
eruption, there is increase in the deformation of the volcano. Also, from 2010
eruption, we have also clear deformation observed 2 weeks before the eruption.
So, at that time, the status of the volcano is in the third level so one level below
the highest level. The evacuation is prepared during the evacuation.

Actually, at this time, the government asked the people to leave the volcano soon
because the eruption will take place, but we still have problem that I'll show you
in the next slide. But before I will show you how the 2010 eruption greatly changed
the morphology of the summit of the volcano. This is taken in September 2010.
This is just after the 2010 eruption. So, almost all the crater area collapses to the
south. This is the path of the materials that erupted.

I will show you some video taken by amateur showing how the mitigation to
evacuate people from the volcano is taking place. I will skip this part. This is how
the situation during 2010 evacuation process. This is about 15 minutes before
Merapi erupts. The people tried to save our Merapi Volcano guard Mbah Maridjan
who is the spiritual leader in Merapi but he refused. He just wanted to stay there.
Other people still stay in this area. There are six people. Also, they refused to be
evacuated down.

After they failed to convince Mbah Maridjan to going down then people tried to ask
the six people going down but they say, no, I will stay here in the volcano and
they become victims of Merapi eruption. At this point, I will say that this is our
first homework how to educate about the volcano hazard to the people living in
active volcano.

Actually, the standard to monitor the volcano with many instruments from so called
episodic measurements and also continuous measurements with geophysical
method and also geochemical. This is how is the instrument located in the Merapi
Volcano. Actually, we have already a good shape of monitoring system. This is
the summit of the volcano and we have all instruments in and around the Merapi
Volcano.
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According to the mitigation effort, we have already a standard how to mitigate
when the activity of the volcano is increased. So, we have several level of
administrative to give alert to the people from the national level into the people’s
level, the villages’ level and how it's connected to the so-called the Hazard
Mitigation Agency of Indonesia. This is the national level of the Hazard Mitigation
Agency called the BNPB. This is just under the president of Republic of Indonesia.
And then, in the regional level, in the province level, we have like the agency for
natural hazard also BPBD. It has connection with our volcano observatory.

This CVGHM is the Center for Volcanology and Geophysical Hazard Mitigation. It's
in Bandung. All the information about the Merapi status is given by the CVGHM to
the agency. Then, of course, we have many stakeholders helping the evacuation
process from army, police and other authorities. From the volcano monitoring
agency, they have a link to the media and press to give information to the citizen.

In my talk, I would like to take in place this issue about how we provide information
to the people through media or directly through the agency itself.

After the big 2010 eruption, we are facing a new phase of Merapi activity. It
actually has unclear precursor after the 2010 eruption. I will give you some
example on this eruption. The first one happened on 21st of July, 2013. Thisis a
small phreatic eruption causing the ash fall up to about 50 kilometers to the
southwest. You see here that there are almost no activities. The one tectonic
event, it's in the south coast of Java. Then, this is the seismic data when the
eruption happens. But because the station is located quite far from the volcano
and it’s located in the very busy touristic area, so the data is not quite excellent.

This is the second one happened on November 17, 2013. Similar to previous event
before the eruption we have tectonic event in the south of Java and then eruption
happens. This is the ash fall to the east of Merapi Volcano up to the Surakarta city
in Central Java.

And then in March 2014, so all of these eruptions before it's following by the
tectonic so the tectonic event in the south of Java and then eruption. But
concerning the activity in the volcano itself, it's quiet in the volcano. There is no
information from the seismic activity.

So then, I will show you the eruption on May 2018, quite recently, how when the

level of the volcano is zero, so it's in the normal level but we get the eruption.
This is quite big phreatic eruption up to 5 kilometers. There are a lot of climbers
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on volcano. There are around 200 climbers during the eruption but fortunately
they are all safe. There are no victims of this event.

This is something really our homework. First is about educating the people. And
of course from scientific point of view, we would like also to understand the
structure of the eruption process and also the precursory signals if it's possible.

I will show you how is the situation on the geophysical data before the May eruption,
2018. So, you can see here in May 9 there is almost calm. There are no prominent
activities. On 10th even it's smaller. Even on 11th just before the eruption, we
have almost no seismic activities. So, it just suddenly erupted. This is the second
homework. Between these two homework, we took the first one, the easiest one
how to educate the people about the volcano hazard. This is related to the
communication problem.

We started facing communication problem since 1997 when the Kelud Volcano,
Kelud Volcano is in the east of Java. In 1970, there is increasing activity of the
volcanoes. This is the previous condition of the crater of the Kelud Volcano. It
has a lake in the crater. During that time, the seismic activities increased. The
Center for Volcanological Hazard increasing the activity level of the Kelud Volcano
and asking the people to evacuate it. But then the volcano is erupted, but it’s not
the eruption like what people think. The eruption for common people means
explosion. But this time the eruption is dome growth of the volcano. This lake
now has become a dome growth but this is just after 2014 because in 2014 it
collapses and creating again the lake. Now, the condition is just like this one.

But in the sense of mitigation, we have problem how to educate people especially
because in Indonesia if the agencies say the volcano is active or there are eruptions
to the volcano, it means that people should be evacuated. And when people should
be evacuated, everything should be prepared so accommodation, place to
evacuation so meaning a lot of work. This is the problem how to bring the scientific
language into the people language. This is one effort that we are trying to solve
in Indonesia.

Now, we try to give all scientific information to the people. This is the example of
the website from the Volcanological Survey of Indonesia. People can access the
situation of the volcano in all Indonesia. So, for example, Merapi Volcano is how
in the second level means the yellow color. Yellow color means the first level of
volcanic activity. Green means that the volcano is in the normal condition so
nothing, white. Red, this is Sinabung volcano. It means that the volcano is still
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in active condition. This all can be accessed by public via internet. All the
information also the recommendation about the volcano can be accessed easily by
the people. The people just click the volcanoes and then all the scientific
information is there.

This is for example the information of the seismic activity in a volcano and then
the recommendation whether the volcano is in normal or in the alert level 1 and
so on. So, all this can be accessed freely by the public. Especially for Merapi, they
also have this website. Here, we can access all the scientific information, for
example, the tilt meter data, the daily status of the volcano, even the camera
monitoring of the volcano, the seismicity and so on. Also, the meteorological
information, for example, people now can easily see the condition of the crater of
the Merapi Volcano including the temperature distribution on the crater. Allis start
by the public. Plus on this they also give in plain language using social media.

We think that social media is very important. You can see here this is the official
social media of the BPPTKG. This is the volcanological agency in Yogjakarta. All
the information about the status of the volcano is explained here. People just if
they want to have information about the Merapi Volcano, they just go to this social
media or they are following the social media and they will inform the status of the
volcano directly.

The second one, we are trying to prepare the future generation because we think
that the belief on volcano is developed during long time, so we want to have the
education since the beginning about how we should act when we live closer to the
volcano. We have starting last year with Yoshimoto sensei a project to educate
the school people about the Merapi Volcano hazard.

This is one school that is our target. It is located in Glagaharjo. This school in
2010 is destroyed by the volcanic eruption of Merapi. This is exactly the place
where their school existed at the time and it's removed. Then, they built the new
school in the other part of the area. Then, we try to educate the school people by
explaining about the volcano and how is the volcano structure inside and what is
the product of eruption and so on. This is really interesting. Also, we try to give
them the sense of technology in the monitoring system of volcano. We plan to
build school seismometers in elementary schools around Merapi Volcano including
the monitor that record the shaking activity.

The project is starting in 2017 and we have one exercise on May 11, 2018. This
is just eruption that I showed in the video on the previous slide. You see that the
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eruption material is up to 5 kilometers. What we gain from our project is the
awareness of the student is already built. Some of the students they said that, oh,
this is just the same experiment that already learnt like the Coco Cola experiment
where the gas content increased. And when the pressure is enough, it will erupt.
The hazard area is just around the crater. That makes the student and the teacher
is not so worried about this. This is one thing that we get as a gain of the education
process in Merapi Volcano.

This is some of my summary that in Indonesia actually we are facing the problem
on delivering the information to the public. This is especially for volcanic eruption
because there are many, for example, I give example on the type of eruption. We
know that the type of eruption is several kinds or sometimes we say effusive
eruption means that this is relating to the dome growth and then the avalanche
coming. The hazard area is just along the river. And then, for example, the
phreatic eruption is just the gas explosion so the hazard area is around the summit
and the crater of the volcano. This is one thing that we should take care in the
future. And then, the second is about the disaster education at school about the
volcano. We think that this is very effective to give them basic information about
the volcano hazard. The third is the community education. This is maybe our next
project to educate the community, for example, the media or the press so they
can share the correct information to the public and not make the public worried
about the hazard. Thank you very much. This is all my talk.

Modetator
Thank you Dr. Suryant. We have run short of our time.

Moderator

So, now it's time. We would like to begin the afternoon part of the section one.
Now, our first speaker is Professor Shuhei Okubo from Earthquake Resistant
Institute of University of Tokyo. His title is ‘Absolute Gravity on the Top of Mount
Fuji — its Scientific and Technical Implications to the Studies on Earthquakes and
Active Volcanoes'.
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Wl ol~r~id, =a—brOFABINT
boTHLHRIEBNTR TR BETOLDOEGEDF 50 TT, ZOEGFS FHEiZq-
HHY TP ER L THEKITGESNTLS W RGBSR 5
BEZTHELE D,

WIEH CEAREEEANICEEL-FRZEL

Repeated gravity measurements — gravity change

151718
Added
attraction
.Emeye/
Excess

mass

vJTLER
BIE RIHHR

W7 <%y

Magma Reservoir

Rising magma comes
closer to gravimeter

IR LR EhiEm

(Ei) B3N + EMEIH = FEAhEM
FEhiEm: <TINER.

BEhED: TN TR.BER EZHICBE

Gravity increases when magma comes closer to gravimeter
and vice versa.

X 5

- >

RONET, bL, 22U
EEINVD ZEITRD N,
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DA T
T, BT DFITIMH,

. R ERLTCBYET, FoT5H L.
RWRHIOZTE T, FraElc@< Enwsy Z &

FEME - KILBA~DER]

—a— NCOTEBINNEHEETO
2720 £, sl IR L

. FHEOENPBMENLSDITTTR, BERORAIZE LIS NREOE IR £+
DT, BLRTD L ZITH_RTEAPRIRLHL VI L THY £,

PFUFELTUR, v I~BERTLEEPERLS, REL< 2D,
EWNH T ENG, v&vﬂhﬂbfw5&w9_k#%ﬁéhébifﬁ
I, HORENSEDIREIZE L DT TTNG, Vﬁ¢ﬂ?u?#of%<@k
K T2l NS ZEEEWRT DLV Z &N, ZOTFTIANLERIND D

WhHEWH Z k
LT, &Iz
g,
[EBEEFAIRZERHDLDMN? | &,
TrEEun )

rEEbhTneb

Wy ij]#iﬁé'bﬂ LT3
(\ZHE 3 LT

MEERENDRZ D D02 ] LW BRAZEOR > T
BnET, EEZHOWIIBMEZ2E OIS YUK L THY E LT, £ DVA
TUT 4 APMITE, ZARZ EIEHLEDZER
b OFEE 2000 Fi, BN OME km 2 I =

T, &2 AN, 20 Mo
EEEWVIKIITHEANEZD EL

oo ZOROEIOENENI LOEBRL Lo EEWNWET,

R : =EB2000FFERABRDOENEL
Gravity change during the 2000 eruption of Miyakejima

+

AbS.G 410
i

HBEEHTIEL,
= BAGENEY .

5l hZRIEL TV
T, WVidlio
=22

Drastic decrease
suggests loss of
mass beneath the
central caldera.

425 100 60 25 +25 +50 +100+125 +150
(Unit microgal)

X 6

L2 BTT,
74 KT,

BN TWBEZARBLDEWVW) Z L
(BB E - TNDEVN)I ZEF~ TN HBIBL T oz, w7 <NTFRLTWL-z s
WHZEREWRTA] LWH AR LFELE, EBED

ENEHEFHMYIC MTORKEETILE

Eruption model inferred from gravity change

WFTECTLRRR (ETL)

Mechanical model

*

FAIE observation
Abs.

4K B A (Dyke intrusion):
'I'i (W) 6km, £ (L) 20km, EH(Thickness) 4m

@777T F Y UNHE(Deflating magma chamber)
RS (Depth) Bkm,
U1 HE (Volume change) 8F 7 m3 (8x107 m3 )

Okm Skm

425 100 50 26 425 350 +100+125 +150
(Unit microgal)

.25 4 RZ(Cavity formation)
[%é (Depth) 1-2km, ##£300 m( V~ 8x107 m® ) ]

X 7

6 HBDAT A Nix=ER/OHMBKIZ, KD
ROENOEA L TETFEZZFEZIAALE D TT
(X 6), HFNWEIZAhLRnEZALIZBTITL
TWETH, FIXENRE-T2EZATT, 145
EWVIOYHFNRH Y ETH, EOHIE mgal (=
Aradn) EVWWET, HIA, bEVE L
ZhHRWEEWETN, E0H T 145 EiF, <
A F Ao T2 E BT 7ZE W, HIEREE LR
K1222 <HNWROT, BIERED 100 £5<5H
WREWEIBEZ > TEBY 3, R Z A
BEANEZ -0 D & ZAHTT,

RNE ZAFRIFERFEL LET, £7. F»
WCEH L TWEEE 2, —DORiD A

DGy TIIIEZL 72 B ORI o 5T D
T, BIHERFIFL W~ Z <N E 2o~
FoTWoto] &) ONRZERERTT,
Mo=FBEEN b > EELLNRSTZ A
TTFEH BRI NZE A RET NV EFEST
HETE IOV ZENEZIoTNHA LSRR
WNREWSI T FUFNTEELLE, TREDAZ
A FERTWEEL & 2DEMNXFE CE SO
ET—ZTY (M7, AAORIT, ZZic=%
EBRHHELT EOTFTREIRoTNDHNEN
SWERTT, QOB H»TEXFE LEITEL . W
HPOQODNEIZHEAT EEZEZTHET AT EA
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CRETIEHDATTITES, SiOHA L, OO@L Z 90V S) IS ETWeEEET
. OFIE, MO FICETENTET, Z2ZICOQOFDOL ZANL Y V< RiiLAA TV o2 &
WO ZETY, HEDOFICTELATH, B, £H50ObDE X A7 (dyke) LEWVWETITE
B, BORIZ, BEABRO L HICA R EAS TSN A A—=TTT,

WS FNTIED 6km, K FEHEITE S232 20km T, HOEEN 4m <HVDHDNTE - &
BWET, ZHWIHIRMATEZLE, BEEZHOS L5 CWEIBE LA boWntEtA,
ToLE, MODOIWEIZEZNORENENWI & KIUD TFIZHLvI7~IEEDND I H LA
TN olol W) Z EIThhD ET,

~ =N LT &, FOHET, o~ I<EE0RELTLE b T, *
DEXDORME S S LFRE L THET &, 8000 HiiHF m &I FFIT/e D £ LT,

U, ZNTETHKDUNEND & £ TERT, Hmo T T—ARmiiEs X 2 T<
NTCNWex IR EEV O 7PN RoTeib B2 EBEZ R TUIRV EXHA, B x o @YD
1EORMNRIRL 72D L 2BREHLDLENIDELERILTT, I B Lo LT glE LT,
B OH T EkO TR THEBESMRE LX) R ERHVELLTE, ZREFELELIIC, Z
ZOHDIMAR L EEBL TN EERANTE TN LW ZERTREINET,

AELCAET L, TEXEERORKEE L) OIFRAE, £ 300m T, X2 1km 2> 2km
THWVWDEZAIZHDLENI DR, RRI-bDT—2hb 542 FE LT,

£ 300m o> THRERKE WA TR, [FA%R
i 200047A8E (EAMRHRT %28 B) RAGWERSR | A HEICHIE D FIoTX 50373, TX 5134
Sudden collapse of the caldera floor
WL R BEWE L, OB ATT,
HofiTL<LEbo T, WELT2 HEZIZ, =

FED AT Z-TOF—/Caldera floor

ST R4S
PP e TRT FEEDOINEMEZ > Lo bbo ol ATY
M _ . .
i i h, SHDAT A REHRTLFEEW (M8), &

, S BALIS, BTICRR . .
b, kT B TEOWE LI UL D A% A LT, K
P | e M 28 300m < BT, BERTE TWET, TF
FEDILTE/Original Summit N, FAELOBEOWNTE TR S » Tz 82
300m DZEN B 5 L) iy, ERROH L CHE
X 8 oz nz £, RS ICH FICZHANTE

TWeE W) ZENFEHTEZE WS Z & TY,
ZNORED D £ W o TodD T, THEEIZ, HiF
OHIEMSEATR - EHIEAED Db 5 1 BE TG E
HoTWEESZIENTELEEWIAFHON
TWET,
IMHDAT A FOLEMNZ, MENPEZ % 2 H
BIC . ZFEEDIUTED VT AT F 72 Him
Lohtdd bRk A EHETT (K9,
BATR-oTRYVELT, 202 ABREEHE
P8 R To TWHDITTTN, 2D 2 HZIZITELHIE
X 9 Ho L TICELDLZEbLT | HRKRUCT R L
EoTWVEDLIFTYT, TIHVH b T, EEICE

K32 28 81 (HILTS5W)
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HEDOHE (outline)

n 0. GEENNBEN? (B4, HIDEETE?)

» 1. EXIUTETOENRRE (B, EALSSID)

= 2, fHORU~DBERA-BEACRKEHR. BRTAEHREE?)
= 0. Why gravity?

= 1. How on the top of Mt. Fuji?

. Other volcanoes: technical problems resolved
and to be solved.

X 10

ELILOEKERRE
Past eruptions of Mt. Fuji

200 ~300 £ FjlfF 2
Eruptions every 200~300 yrs.

1,200

1,400

800 1,000

1,600

1,800 2,000

ks Year (AD.) =
B 11
PMHGER: EIGEBOK?

+

ETILETOEAOERERERO KA ZIE (20005F)

Monthly number of earthquakes beneath Mt. Fuji.
Sudden growth in 2000.

Academic background: reactivated volcanism ?

250

200

150

100

50

2002/6

0
1995/6

2001/6

1996/6 1997/6 1998/6 1999/6 2000/'5..

X 12

IENH LT F LT,

7B ZSWET,
BKHEHDOAT A FORIL,
T (M13), —&FHVOIE,

NER->TEDOENMERD Z LT > TkLD
TORMEFRDZENTED, EWVHIDHR, =
ZETOFELDTT,

ZNTIEAEIL, ELILETENMEEZT D &
W ZERATTIFE L, ZRIT RO E R
WITF 722N E D ARSI TD N ENIT
SONT, Baz#EbznEBNET (K 10),

PRI, B EEEDBFELEPNANAEH D E L
il BEhLoEHE R TAHAETE, 11 K
HORAZ A RTIE, 9 A < D) SR DIRE
RO HBUEE T REREKEZROHEDOHI TR L
FLiz (K1), —FREDE ZATIEEKROE
KD 21T TT D, RIK 200~300 35 & [ ZhE
KLTNWD EWD T ENRGHo TWET, AR
1700 FARTT D, B9 200 FAWETWVET
DT EAZEAEKLTHEN L ITRWERRIC
o TWET,

OB oTND & EIT, ToE - ETEE 2000 4
TAVBLILOE T THENIEFIZES SAED
LR HY L, 12 KEHORATA R, B
T OHEEE 2R LET (K 12), AR
ZIR-TEY, 1995 0 6 H 25 2001 D 6
HE T AR OMEL At s 7 7 TRL
b0 T,

ORI 7 ERET L ELILO T CHIEIX
WENSIELIELEZ > TEWEATT A,
2000 EDHE S BN D 2001 FEI2HNT TRUS
BRHEZTEXT, bro L nE, L
D ENH oD T, & LILOIEEH R IEFR
LTWDHA LR ED & D WIEMDOE D
WCHEATNDA LR ENE WS BEDFF
el bFTho £7,

LV DI TERE L FHABENEZN>TAHL

ZHUTFHIRRICIZE O WO BN H 2O TTN, b9 1o, FHgs

WAL ADNE LILOIUTETE 2> CAIEREE LD LO
1880 £ & V9 & & (T Mendenhall &9 5T, FDOHEERBE V.

EIN&E LTHERFIRONTWE G2, HYFEEHE WO IEFITAL R BARANORE 2T

LT, BERINETEAMEL LD TY,

ZD L ZXDOREIL, 7 —F — R+ (Kater pendulum) &9 #E 0 OB % > THIE L C.
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FEHMERE Historical significance
ETWIE BEOAEENREEZIET

BUAIE () BIEE ETILTEOEAHE
Observer (Year) Instrument Gravity value
Mendenhall HxRIE |RYF. | 978860 mgal

(m 4 (1880 ) | Kater pendulum. (SRR B/INE)

Yokoyama and
Tajima (1960)

#8%t 3B ; spring-type | 978863.1 mgal
relative gravimeter

Satomuraetal. |RlL. same asabove |978865.41 mgal

(1991)

BEHED1OHATRIL., 1005701 DFEELMNELY,
= 105D 10FNEEDERENFTRELT,
JRELICHRIEFFE$T D, (disagreement > 1 ppm)

X 13

Lo &I ATT, 1 OHiESTHHATT R,

nh LNVEFAN, EDATTR,

H OB ko LR T A5 T 1990 4,
BHAEAENBRIDIZRY £ LI, ZORR
Z AR
DOREREE &5 DIT 10 155

A5 30 F1F LRI
X, IO 2 FIORIE L, £72E D ATT I,
EoTWT, ZAUL100 T30 1 DHIORETHO LR BB o TRVWATYT, BT
TO 1 EWVDILTEY, 100 T30 1 ORVEN]

=+ IUTHOE /E% 978860mgal (X VU HL) L
VIOSITED TR £, 272 k&2 LIz,
IWTHE WS THWNIEINAE) ZTZNELT, &2
ROMEND T ENRI@RIITITEI N TR o7
DTHIDB I BIR, Ha/hE] & LaENT
eV AT,

ZO%, LIEHL b BRIV IR W
I DIF7e< T, 1960 A, KIIFO 58Tl
B e mLSedE L HEEEN, spring HOET)
FHaflio THXHIERZ SNE L, £5T5H L,
1880 4 ® Mendenhall O M & HE & TN
1OHSHNE I THWN L 20 E S

Tl B b BIREER RFEICB b
1 O T

T3 & 1000 %

UERBERDWOT, ZOSNUDREEZMENLE D Uopunindns 2 Lbd b LT,

[RTETILRRA
JMA Weather Station on the top of Mt. Fuji.

L

#£75 (Height)=3,776 m, [ (Barometric Pressure) =630 hPa,
&R (Atmospheric Temp)=-30~+10 deg. C,
F 14 EL&E (Average Wind Speed) =20 m/s

Wit SR ELIENER (485
SR (B BT B )

X 14

BEShOIRH

anticipated difficulties

Hakik 400~500kg (3277 10MI=H R THi%)

Safe Transport REZHBL(L—Y—, RFBEH BERTYY)
Many fragile components.

SE AlF@EiE. SWbmli?

Low Pressure Known and unknown effects on fragile components.

ER B {ERIE(15~25C) @R THOTITLL,

Low Temp. No warranty <15°C , or >25°C.

3 HBIRBAFHNTHOTIELL,

Strong Wind Violent ground motion to be avoided.

E REGERAZLL

Thunder Avoid damage to electric circuit.

X 15

EWVIODITT, BMADATA FDOLDIT,
FERRZE LI ILTEIC S 2 HMEFTIC IR L <
WEZ ST TWEEE L (K14), ZHITF
EHHBEHFIEATIS T CTidle < T, KRBRMZERT &
DOILFEFETH Y £ LT, Z Ol TCOWE %
T DB > TUIKRRETOH OBMEEEZ W=7
WTED £,

BLEIHEVWNWETLELEIAISIFLDLE
0. EENIEFITEV, 3776m &) 2 LT
P, TNNREI VI EREZFFSTNDLENEND
EL YRGS ZETT A, [UEMEV, KR
HIEV, v AT R 30 LT T A 10 FE, KT
IZ 630hPa (~7 b 32 A)L) TETMD, FHio
30 2 THh, T BEMNTE, ¥ EGE
20m, ZAVFAELGN A TWAENS T, BE5i3%
ITHRVOMNE LILERE AN, BEMICIZIER
IR LWE ZATHY 3, ZZCHNEZHD &
WHZEERENPEHIBELTLESTZDITTHY
£

ENBRNEENTHRENDL D RE NS Z % 15
WMADAT A RTEFCHELE (K15), <
DT LI, MERTEFFOE I 400kg 005
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500kg <HLWH LoD, TNEAMOBTHFTHE LT 5L W5 Z &3 & THEETY, 10 EIZ5
TT%1@4%gT¢#%\%hi%iokﬁﬁo%ﬂK\C@%WMV—W—%EOTPKD\
JRAFHEEH 2 A o T2 0 LTI BEb C 772> 5 FEH IIRBNZ 55V 0 T,

TNNPDREMENE WD T EHREICZR Y £, KJUEMRWE . AR EILIRIZ 0D &
) Z LTI IMONTWETA L SRS DT, E5WVI) mIENE NS Z &,
BIFEBIE LW LET,

FRPHIREEMERN & ) 1 TTR KRT ORI O I Wi, —SEERH Y £T DT,
ZAUERIEIZ RV, ERBEDGRVE VD T & TN, A & X TITHEIRE 2 R S T L
Fo T, HxOUEIZE > TUFFEFITHE LW LIZ72 7,

ZNPDRBEME L TUL, FESFITHEFITELS T, Lrobwrarkty bbb —UER
PMRALTEET, TADPBBEL TVWDHEEIIRGTORFEBHEEZLELLTEDL, Fx Dl
EOBMPARNC b FOMEBENECTERLE LI LW I FEEFR-STRBY T, kL nE A
ThY £,

=D —=DFNEZ VT LT EZIVNIFEICRY ETH, ZOFRTHLEGHEMEZ £ 5o
TZZETHO T DN, EWVIDORERRDOKRA > M £,

16 HDAT A4 FOLEROFEITE LLTHTYT (K 16), KESHi&W 9 & ZAIZEMRH 7
ATER, ZIMORIZARZRATTTE S, 22 (B ITEZ 5V HOER O NTNDHATT
R, BUBEE WS LV T R—F =@ DA,
:E EHHBHOWES, BAOFL> F TNAETT, ENCIZT L F—F— L FxfllE

Transporting FG5 absolute gravimeter

s F— LD 5 ARG TVET, THART, 25
SMDE ZNNRGWGEFT OS5, =D FIT 3 W
Feo T, FZE 900m |F & DOKERLFEHNG | 3 IFF
- fCELLAEE C—RUICERZ 2800m % %

LoWET, TARICEL Bo Tk, AYixmE L
W7o TEALLLRVWATTITEL, 7LOHS

T THE3FF. EEE2800m
3 hour ride on a bulldozer to the summit, climbing AJ:% 5 73? D T is D i —ﬁ——
2800 meters from the flank base.
FEEIZ EARB U E VD OE 1THKE DA
X 16 FA4 RCTRLET (K17, 74—27 V7 hDO X
DT, HIDIED M 2T b DN H - T,
!h TIWR—4—T&F  Loading ZIHHERECEBY T, BADEZAIC
BN ->T, ZIIWCADRESTZD HDLWIT/NES

W) B S CGEA TV E 7,

ZOTNVE, FEFITDEID BFIEELT, I
EAE 180 ENKEE L THGEDOYIV IKLEZTE 5
EBENLOTHY £9, Z0L ZOEIREBFEAWN
L7z HiE, BrHEREO LE/ N O [R5 ©
TN IR o= o728 H Z & T,

FlEMmEELT, IBKHATIE, 74T, #E
X 17 BEIZENICE S TWND E EARE LD E D
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AR (1): TILF—H—HIA Front view

X 18

KRR (2): TILR—H—7A Rear view

X 19

CORM © BRAERA > b

Violent shock & vibration during transport

*

#E BRXTY>S
Viz,Z 320 = ki3
Specially ordered isolation

Vacuum chamber sits on an isolation spring.
board.

X 20

MATWETZEET (M 18), YRTTITE, 7
W R—=F =TI N0 BREEZT<DITTHY
FLT, YU Ry EfiELETICEALTEY £
R

A F TIHEBFE M OGS T LR, 4 EIXiRE
I %AW TR BT L R—=F—D% AT
BRANIZR S TWAHANLDL R TE S D% 19K
HOETATRTWEEEET (X19), 75 L,
TR A IS 72 0 2 & 5 50T e
D JESTWEATTITE, HicR—r eEs b
Bol2VFT5H5D% 2, 3EEFN-LELE, T
b, BEHE LTI 1G 2B RSN H 5D
F I,

T A TII%RAICRZ 208 LWNETT T &
b, WNRIZFH S T, R T o B LE %
ot Ens ZeTd, AMIE. —A1 M
SHWNWTEETHEATIND EWVIFET LI, fif
WIeD> 1kg 300 F7>400 H72-72 & BnES,
1kg 300 72 &2 & (KED 50kg 72 5 15000
MHE, ZH20HHIETT,

ST ZARICTIVIREINHH LW Z &n
RFINOTeD T, EDRIREFDNE VD T & 03E
RKORAY R FELE, 20 KHEOAZ A R
i, FLE B Ml o TV Dt RO — BB 43
BoTWEd (¥20), @bt772AF vy roar
TTHIEASTEYET, COFFERERER D
LT D WD Z LT T SHEBRONZDT, £
D TFIHERESVET T EL EMfITE L,
ZOBIIMBEERNE NS & Z WA Y T
MA>TND AT,

CTORTV T HREFRFRIRATY T TL
T ZHUIMZES ATT 0 E NS &, AAEEE
ATED vy NOEEEZEATZD T 5 &L

RN ZWIIMADMERNH D &I ATEZE D TT, £H0H 1E 15000 H72 - 720>, i
WBEET 2R AT ) U T RO TCE T, 2N THLoTE LN+ 5&, 2505 2

LTIENET,

SO, AT ENORi-> TS W HZ2 LIS (G oRY] T, B oIz,

1G TIEAEALE

NOETOT.GOREMESWE LI, 5 EIXZRE P @, Pressure DR T3, Low Pressure,
HMEKED 375D 2 WD Z L2V ETE, RITEF O/ a RNERWATT, REne
WIH L, N—=FRT 4 AT NREILZWNETT, HIUISHHEIL TNy REENEDL DI TT

79



MELWIAICE T S ENHA—FDZME - HiffEREHE - KNILBA~DRER

PO (1) — HESED2/3
Low Pressure — Trouble on PC (HD)
C: BED/—b/RVav(X, HDFST ILEH
Most Portable PCs Suffer from HD trouble at high altitude (3,000 m);

5l SONYEN—FF4RID
RGeS

SONY. ] G

A N—EF 422
- TROD &SFGFIZITE NS
WTTEELY, D [RE SR
YEY,

S[UEDELNERT
(#31Rk3000mLL EF7=(30.5
KEUT)

HD manual (SONY):
no warranty above 3000

/ m altitude.

X 21

D3, ZERDNEN & s 7R, ELZE R T R AU
ZEILTHEANRZRNE Db OTT NG, il
O PC THEExTEHA, T, THE L E L
/I D] EnH LT,

FARCTHETEN—RT 4 AT LI D%
BWET L, 21 HEDORX T A RO L5 Bk
HENANTL D (K21, i, bt s
A, ZZBIBINSWNFETENTHDHATT I,
JERLTHETE, RO LD RBFTICITED R
WTL 730, MFEDRK & 720 £, [UEDKK
WEET (PR 3000m LA E) | &L B At EWT

HLINTT, TTHH, TZTHLTENLTO A= —IIHRIEL T NEEA, £OWVH T L%

EoTWVHbIFTT,
POXEM (1) — HESED2/3
Low Pressure Effects on PC (HD) & Laser
i 5K

Dolch# ®PC (15000 Ft ~ 4,500 m* T3t
FELTHEAGLY).
17ARIOTREILT, ShiEmEE.

Replace with a Rugged-type PC:
Dolch, guaranteed up to 15,000Ft ).

X 22

WEANY U AT O N— RF 4 2772 A
TWIDRH- T, Z IV MEIFTEWSDRL
RoOTEFELLTES, ZOYKITEO Y 2
VIHEZ R NWENS ZETHY E LT RISEKE
LTmWWRY arzflis Ly, 22T, RL
F LT, 4500m F THRIEL T NDHRDNED
220 F L72(K 22), ZHidE-Z L LThERR
W EICRE) T X T 2R THENRNE WD
ZET. T A MBI & X ICEMERGRE W L E
L7,

RO HD Y 3 EE o T THITE
TN L TAE LT E R XEnehnolz

TR, NV arzfFoTRINSNDHTIFTIFLEAENRNWEBNETOT, HE VIV TR

WEBWETN, 2OV RMENREITIHY £7,

s, RN ariEiF iR T b= =4 EIFEIC R o T LENET (K 23), oF 0,
L—H—F 2 —T DRV ICHDNERERN LS TEFET, 9T 5L, ARV WTEER, b

PORME (2) L—H—HHET
i Reduced laser power
R

J}Mﬂ;,kyo

Kusatsu—Shirane ./

L—Y—: L—Y—Fa—

TORYDAKERD g
-> WAEFEFA. 08 ,“iﬁﬂm
MR A £ RE - | < MeAsama
20,
RETHRTIHME?? | < ELIE|
-R04 vFuJI Summlt
Qo
BMESTLAETESLS, | (4EILHHET),
SUFNREBTFYIRM: | 02 Lasen power
RBEZ LT THRIE. A reduced by 40%

0
0 200 400 600 800 1000
&£ /Barometric Press.(hPa)

X 23

LF TR TETHANFR->TLEIATT
R, EOSDBWTFRLZMENS Z L%, 24 fH
DATA RIRLET, 777 OR#IIRET,
M IX L — Y —DOH N EZR->TH Y £, 72 &
ZAPFEHOF A 1 &35 &, & 1400m DO
BT EHAN 1 HSHWELTE T B L
IWTEIZATS £l 4 BB DB TLES, L—
P—HINFEEAEEGSOWVWIZR>TLES
T, EENFHIR-oTLEVET,
TG T DI2iT P> < U FHE T LIT VW
DTT D UTHIZW S DB & WD DI 2 A
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(3) VoREHE—FE (Frequent thunder)

ERLE.
2003FF(C(E, WEARATLEY—CBROX A—THY.
BEE ROk mATR-> BRRBICUE
B BEE BERICHAUTE WEMUAOER

4) ToXH —{KE(ow temperature)
EF . Em%AE 10C
L—Y—0OEERE 15~25 C

. RREFAFEANEER 20 °C  (No Problem)

X 24

ATy RE FIRITE (et 52 + 18 R 52 0D 86)
Hybrid gravity

'ement

e

TN ; -
EIWGRIERTUTET S ERE RIHE= A = &RURFT DR D
FGhiExt E AT EIUTER 2 YT EHEDRIE FExHRIE)

FG5 absolute gravimeter with the

Measuring gravity difference
JMA Weather Station staffs.

between the FG5 and a
triangulation point.
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Absolute gravity on the top of Mt. Fuji-its scientific
and technical implications to the studies on earthquakes and active volcanoes

Shuhei Okubo

Good afternoon, ladies and gentlemen. I am Okubo from Earthquake Research
Institute, The University of Tokyo. I know from my own experience in the university
that the first lecture in the afternoon is the hardest one to deliver because
everyone has a full stomach and easily falls asleep while listening to my talk.

I am invited today to give a talk on my observation of the gravity at the top of the
Mt. Fuji. I was told by the organizers to talk as in the TV program "Project X". It is
really a tough job for me, but I will do my best.

So, my talk is made of three parts. The first is why gravity is needed in research
of volcanoes. I was expecting that some of the previous speakers might have
talked on this issue in the morning, but I didn’t really find that. So I would like to
touch up on that.

The second one is that how and why we measured gravity on the top of Mt. Fuji.
And the last part is devoted to explanation on how we utilize the lessons we learnt
at top of Mt. Fuji and what are the challenges that are still unsolved. Now, please
look at this lady on the slide #3. I am sure you know her very well, Ms. Chiaki
Mukai, the first Japanese female astronaut. According to Asahi Shimbun article in
1994, on the night she came back from space, she was doing all the strange things.
That is, she pickedup a piece of sushi and let it fall. And looking her doing that
repeatedly, her husband Makio asked her what occupied her mind. After 15 days
in space, the most impressive thing for her was the gravity on the earth. This is
because falling objects are "not" natural in the space. It's just like Newton
discovered the universal gravitation when he looked at an apple falling from a tree.
So I would like to talk about what we can see from careful observation of the
gravity.

Picture in the left of slide #5 is a cross-sectional view of a volcano. A magma
reservoir is believed to exist at 10 km deep or so. Suppose that you put a
gravimeter either on the top or in the flank. Magma in the reservoir or chamber
exerts attraction to everything towards the direction of the arrow according to the
Newton's law.

If magma here gradually goes up as shown in the right figure, then what would
happen? Additional magma, or excess mass, exerts downward attraction to the
gravimeter, according to the Newton's law. So, the attraction will be added as the
small red arrow. The gravimeter feels the downward attraction, or gravity, as white
and red arrows are added. So, it gets stronger gravity than before.
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In other words, gravity increase suggests that magma is going up as well. On the
contrary, gravity decrease implies that the magma is going down or has receded
or has gone somewhere.

So, as a scenario, we may suppose these things happen. But, does it actually occur
in the real world? Can you actually see that happening? I want you to have these
questions in your mind. It's only natural that doubt the scenario and even many
scientists say that this is just on the table or just on the theory. But I will show
you that the scenario works by taking an example of the eruption of the Miyake-
jima volcano in 2000.

Slide #6 shows the map of the Miyake-jima, on which gravity change is laid over.
Blue part shows the places where the gravity went down. You may read the number
-145 microgal, much larger than the expected observational error of 1 to 2
microgals.

But anyway please keep in mind that there are places where the gravity went down.
Here if you go back, the decrease in gravity means that magma has gone away,
has receded somewhere. That's what I said.

Actually in the central part of the volcanic island, we found a drastic decrease of
the gravity. So, the interpretation is that the magma flowed out of the reservoir
to somewhere. I was very much surprised with this result, and we created a
mathematical model to explain the large gravity decrease, which is shown in the
slide #7.

The left panel in the slide #7 shows once again the gravity change. The right panel
schematically depicts what happened below the Miyake-jima volcano. We believe
that things went in the sequence of stages one, two, and three as shown in the
figure.

In the first stage, a fissure was created underground. Then probably the magma
flowed in from the reservoir in the second stage. So, the fissure underground is
geologically called dike. It's like a vertical slab intruding in the crust. We believe
the dike is 6 km wide, 20 km long, and 4 m thick.

Now, the open space created by the fissure was filled with magma. That means
that magma is away from the chamber. So, the reservoir got deflated and we

believe that 80 million cubic meters of magma flowed out of the chamber.

Does it mean the end of everything? No. Because magma was taken away from
the magma chamber, the ground lost supporting force from below and cavity must
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have been created between the reservoir and the surface as the third stage. It is
just like losing pillars of the first floor of a building, resulting into the collapse of
the upper floors. A good example can be seen in the road collapse during the
subway construction in Fukuoka. According to our analysis of the gravity change,
this cavity has radius of 200 to 300 meters and is located at the depth of 1 to 2
km.

Now, 300-meter radius cavity might appears too big. It was not easy even for me
to imagine a cavity of this size underground But 2 days after we made this
observation, the floor of the Miyake-jima summit caldera fell down, just like the
road caved in during the traffic works. The slide #7 shows that the pit was about
300 meters in radius and its depth was about 200 meters.

So, our previous statement that there must be a cavity of 200 to 300 meters in
radius was verified with this phenomenon.

The picture on the slide #9 was taken 2 days before the collapse. Though there
was still solid ground , it was destined to fall in two days.

As an interim summary, I would like to point out again that we can see the change
taking place under the volcano by careful analysis of gravity change.

Now, let me move on to the absolute gravity measurement at the top of Mt. Fuji .

In the morning, Dr. Takada and other colleagues discussed on the past activities
of Mt. Fuji. The slide #11 shows the history of major eruptions indicated with thick
red lines. We see here that eruptions have occurred every 200 to 300 years during
the last 1200 years. The last one occurred in 1707 and it is 2018 now. So it is not
surprising even if eruption of Mt. Fuji takes place in the very near future.

So, we were expecting that something might happen around Mt. Fuji. The slide
#12 shows that monthly number of earthquakes grew suddenly below Mt. Fuji,
suggesting reactivation of its volcanic activity.

The activity motivated us to measure the gravity on the top of Mt. Fuji from
academic background.

One more point of our measurement is that it has significance from the viewpoint
of the history of science. The slide #13 shows measurements of the gravity at the
top of Mt. Fuji. The oldest one was taken in 1880 by Mendenhall, a teacher at the
Imperial College, and Tanakadate Aikitsu, a very famous Japanese scientist.
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At that time they used Kater’s pendulum to measure gravity difference from Tokyo.
They came up with the figure 978,860 milligal. To our regret, however, the
observation site is not known to us exactly as they just referred to it as a rock hut.
Then, in 1960, Prof. Yokoyama and Dr. Tajima, experts on the field of volcano
gravimetry, used a spring gravimeter to make a relative measurement. They came
up with a different figure as 978,863 milligal. You may feel that it’s just a slight
difference but it’s not.

Then, in 1991, Prof. Satomura of Shizuoka University made the measurement and
also came up with different figure, 978,865 milligal. We see in the table that all
three measurements disagree with each other on the level of 1 milligal. The
discrepancy is much larger than the nominal error of 0.01 mgal of conventional
gravimeters. Out second motivation is thus to resolve the turmoil about the gravity
value on the top of Mt. Fuji.

The slide #14 shows the weather station on the top of Mt. Fuji where we carried
out our absolute gravity measurement. The observation was a joint research with
the Meteorological Research Institute, and we acknowledge the strong support of
Japan Meteorological Agency.

Talking about Mt. Fuji, everyone is well aware of its high altitude of 3776m that
poses serious difficulties for the observation.

First of all, the atmospheric pressure there is about two-thirds of that on the sea
level. In addition, it's very windy as the annual means of wind speed is 20 meters
per second. The environment is thus really harsh.

Now, let me list up expected difficulties for our gravity measurement on the slide
#15. Well, it is quite clear from the beginning that the safe transport of the
absolute gravimeter is the most important issue; it weighs 400 to 500 kilograms.
It’s just impossible for human to carry this. Even if we disassemble it into 10
parts, it's quite impossible for a human being to carry one of them on his back
because each one weighs still 40 to 50 kilograms. In addition, it is made of
fragile components such as a sophisticated laser and a very precise atomic
clock.

Secondly, people will suffer from altitude sickness due to low pressure. It is
noteworthy that the machine will be seriously affected by the low pressure. Thirdly,
it is very cold at the summit but as long as we are in the building of the weather
station, this is not much problem.
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Then comes the problem of strong wind that causes violent ground vibration: a
significant error source for the gravity measurement. Lastly, the mountain top is
often hit by thunders. So, we must protect our electronics from the surge current
coming from AC outlets; we were told by the JMA staffs that the equipment inside
the weather station broke down 2 or 3 months before our measurement. We have
to overcome each of these difficulties. In the following, I am going to talk about
how we overcome those difficulties.

The slides #16 shows how we actually carried this heavy equipment up to the top.
In the right panel, you see the summit of the Mt. Fuji and a pathway where
bulldozers transport commodities to huts. So, it's a bulldozer road. In the left panel
are five member of our observation team. It was a 3-hour ride on a bulldozer to
the summit.

Slide #17 shows how a bulldozer transported our equipments. It's like a forklift in
the sense that we put our equipments on the front part. There is a cover on the
rear side, where people as well as small luggage sat on.

This bulldozer was really agile and it made a 180 degrees’ turn just like a car
making a turn. The driver was told to be a model of the novel written by Jiro Nitta.

On the video of the slide #18, you may capture an image how you feel when you
are on the bulldozer. This is the front view, and it was quite a shaky travel because
we are in a bulldozer, and the road is not really paved and we felt all the violent
shakes. That was the front view seen from the driver’s seat. Slide #19 shows view
taken from the rear seat.

As you can see, the bulldozer was shaking widely right to left, up to down, and we
were frequently thrown up from our seats due to strong vibrations. I believe that
this vibration exceeded 1G.

But the problem is this vibration and how can we mitigate the impact from the
vibration? I show out solution on the slide #20. You can see a reinforced plastic
container. Inside there is a fragile component and With this container alone, we
cannot avoid strong impacts to the fragile component in it. So we actually applied
a special board to isolate the strong vibration.

This board is made of special springs. What is this spring for? It is used to transport
very delicate products such as torpedoes , components of rocket or aircraft. Just
one piece of the spring costed ¥15,000. We employed the spring to mitigate the
violent shocks to our gravimeter during our climbing up onto the Mt. Fuji.
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So, that’s the problem of G. The next problem to be fixed is P, that is, low pressure
issue. Two-thirds of the normal atmospheric pressure on the summit means that
we will not be able to operate the hard disk properly there. Ordinary PC does not
work well in such low pressure environment because thin air there could not
produce enough lift for a hard disk head. This is what I said before that equipment
suffered from altitude sickness. Please look at the slide #21 where you see an
instruction manual of a hard disk. It reads "please do not use this hard disk either
at 3000 meters above sea level".

Currently, we have helium-filled hard disk that could eliminate this problem but it
was not available at that time. So we had to purchase a very expensive PC which
guaranteed the operation up to the height of 4500 meters. It was really rugged
and resistant to the vibration as well.

I tried to operate my own PC on top of the Mt. Fuji, but it did not work.

On the slide #23 is shown the other problem of low pressure on the laser. Its
power can be affected by the atmospheric pressure applied to its tube. So, there
will be a lot of loss of accuracy due to lowered laser power.

In Tokyo, we have atmospheric pressure of about 1013 hectopascal. If you take
the laser power at Tokyo as 1, 30% of the power is lost when you go to Mt. Asama.
On the summit of Mt. Fuji Mt. the laser power is reduced by about 40%. It means
that signals will be weakened when the laser is used at high mountains.

If we stay there for a long time, we could have made adjustment to increase the
power. But we were allowed to stay there for only 2 days and a half, meaning that
we could not afford to take time to make adjustment. So we had to raise sensitivity
of the signal sensors.

There was also the problem of thunderbolts. It was fortunate for us that they had
a meteorological radar to detect the approaching thunder clouds. When thunder
clouds approach, they switch the power source from commercial AC to a generator.
We also made use of a lightning transformer to avoid damages to our electronics.
Slide #25 shows the inside of the weather station on the summit of Mt. Fuji. In
the left panel, we see four staff members of the weather station beside our
absolute gravimeter that weighs about 300 kilograms with the height of 130 cm.
This is where we actually measured the gravity on the spot.

The right panel of slide #25 shows how we measured the gravity on a triangulation
point in Kengamine.

What was the result of our measurement? It is shown in the lowermost row in the
slide #26 with the three previous ones in the upper rows. The table clearly shows
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the most recent measurement is quite close to ours. I am sure that the debate on
the true gravity value at the top of Mt. Fuji is now settled.

Let me show you my interim summary on slide #27. I would like to emphasize
that we succeeded in measuring the absolute gravity on the summit for the first
time in the world. I believe it has technical importance because we could overcome
a lot of difficulties arising from strong vibration during transportation, low
atmospheric pressure, frequent thunderbolt and so forth.

Our measurement on the summit of Mt. Fuji can be compared to the F1 race in
Paris-Dakar Rally. Why would automotive companies participate in such a harsh
race? I guess that they would like to test the highest performance of their products
and identify its weak points if any. So, it's the same for us. If we could make the
measurement with high accuracy in the harsh environment of Mt. Fuji, we could
actually measure gravity anywhere without difficulties. So, that is why I gave a
high technical value to our measurement.

Secondly, there is also academic significance in our gravity mission. I dont know
exactly what could happen to volcanic activities in Mt. Fuji, but we should be able
to evaluate the gravity variation when necessary. You might go up there and take
the measurement, but it’s very important to be able to compare the measurement
to the past record. Otherwise, we can never estimate the gravity "change" with
time.

Now that we have established the standard gravity value by fixing large difference
among previous results, we can make the comparison with high accuracy at any
time. In particular, our measurement fixed the turmoil.

Up to here, I explained the know-hows that we have obtained by making
measurement on the summit of Mt. Fuji. How can they be applied to future seismic
observation? In other word, how can we make use of our experiences to studying
other volcanoes and earthquakes? Are there any issues that we did not encounter
during our Mt. Fuji mission?

So, we have visited different volcanoes earthquake prone areas across Japan to
do the same measurement. Slide #29 shows a map in the right panel. Red triangles
indicate the locations of our volcano research and the blue squares indicate
observation points for studying earthquakes. There are three specific areas marked
with rectangles.
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In Hokkaido, Tokachi-oki earthquake occurred in October 2003, only 2 months
after we completed the Mt. Fuji measurement. So, we apply that experience to our
gravity study on the Tokachi-oki earthquake. In Tohoku,the the Tohoku
earthquake occurred in 2011. In the southwestern part is expected a future
Tonankai-Nankai earthquake and we are studying the long-term pre-seismic
gravity change there.

Red triangles are volcanoes such as Mt. Usu in Hokkaido , Mt. Hakkoda and Mt.
Zao in Tohoku,Mt. Asama in central Japan, Izu-Oshima and Miyake-jima volcanoes
to the south of Tokyo, Mt. Shinmoe-dake and Sakurajima volcanoes in Kyushu.
These gravity measurements are summarized in the slide #30.

On the table, you can see that we had multiple occasions where we could use our
experience during the Mt. Fuji mission. Blue items are those overcome through the
lessons of the Mt. Fuji mission. For example, in order to measure absolute gravity
on the Miyake-jima volcano that erupted during 2000 -2004.

we had to transport our delicate equipment by sea with strong vibration, but the
special board designed for the Mt. Fuji mission mitigated possible troubles. Even
on landing the island, the roads were severely destroyed, but the special board
worked well to avoid strong vibrations to our equipment. We were thus able to
make the measurement without problems.

In the case of the Tokachi-oki earthquake in 2003, the roads were severely
damaged by the M8.0 earthquake and we felt strong vibration during the transport
of our equipment from Tokyo. But the special spring board of the Mt. Fuji mission
worked perfectly to avoid possible troubles on our gravimeter.

The issues in red fonts on the same table are remaining problems to be resolved.
That is, the trouble from volcanic ashes. We did not know how difficult it could be
to cope with volcanic ash. In the environment where there is a lot of ash, it’s very,
very challenging to try to operate electronic devices for measurement.

Heavy rainfall too could be a problem. In Sakura-jima volcano, it is prone to heavy
rain. Yakushima Island is the island where they have the largest rain fall followed
by Kirishima at 4000 millimeters every year. Compared to Tokyo, it's double the
size. Tokyo’s average rainfall is 2000 millimeters. So when it rains, it causes a lot
of problems because groundwater level changes after a heavy rainfall.

That implies that the observed gravity change is dominated by the hydrological

gravity variation. We must devise a way to recover the gravity signal of volcanic
origin from the original gravity data.
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Also, the continual ash-fall for more than a year or 2imposes damages on
electronic devices. Slide #31 summarizes that we had two major concerns. They
are problems of the hydrological disturbance and an instrumental damage from
volcanic ash.

If Mt. Fuji erupts, what could happen? The slide #32 shows the tephra thickness
during the 1707 Hoei eruption estimated by the Yamanashi Institute of
Environmental Science, currently Mt. Fuji Research Institute. Even in Tokyo, it's
as thick as 1 cm.

Currently, we are doing gravity observation every day in Sakurajima. We
understand the ash-fall at our observation site, 3 km from the crater, is as thick
as over 1 cm per year and probably 5 cm per year. In such an environment, we
experienced frequent malfunction in PC. Only a small amount of ash creeping into
electronics could cause short circuits on the PC board. In addition, the loss of laser
power due to contaminated air was a big problem.

Our laser tube is made of helium and neon and its usual life is about 3 years. So,
losing output power of 2% or 3% every month is normal, but in our case of the
Sakurajima volcano, 25% of the laser power is lost every month. So after 4 months,
all the power will be lost even inside the lab with the double doors.

We cleaned the floor of the building on a regular basis but it didn’t help. We had
to actually protect all the equipments inside a clean room as shown in the slide
#33. By doing so, we could continue gravitation observation without major
interruptions. The top panel in the slide #34 shows our long-term gravity records
in Sakurajima. All these green dots indicate the daily gravity values. Please notice
that over a year, we could continue observations without major troubles.

Since January 2015 up to June 2015, gravity kept almost constant. After July 2015,
it goes up and down. But with this alone, it is hard to imagine exactly what was
occurring in Sakurajima volcano. We were able to use a physical model to calculate
the height of magma head in the conduit from the observed gravity change. The
model of the volcano is shown in the bottom panel. Below the volcano, we suppose
a magma chamber at depth of 5 to 10 km. From the magma chamber leads a
conduit upward, a path vent for magma to go up.

We are primarily interested in the magma head height because it is a good
indicator to diagnose whether eruption is likely to occur soon or not. We show
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expected gravity change against the magma head height on the lower right panel
of slide #34.

These changes in gravity can be utilized to estimate the location of the magma
head. Using this mathematical model and observed gravity, we computed the head
height and I show it on the top panel of slide #35. The numbers of red fonts
indicate the height of the magma head. You see the head was at 700 meter above
mean sea level in April 2015, whereas it went up to 800 meters in July 2015. In
this way, we can actually track the height of magma head by looking at gravity
change.

If you compare the estimated height to other types of data, such as the tilt of
ground, you may grasp an idea what's going on beneath the volcano. For example,
in January 2015 up to July, the height was 700 meters with gradual ground
inflation revealed by the tilt change. These observations are consistent with the
high volcanic activity during this time, when we had frequent eruptions, three to
five episodes every day. And then the height was 800 meters at this point in time.

But then, it went down to 500, 80 and to -300 meters from October 2015 to
January 2016. There was no eruption at all during this time, complete quiescent
period, and the volcano deflated instead of inflation.

So, just by tracking gravity change, we may infer how high the magma has reached
in the conduit. It’s one possible example to understand the magma activities. I
would like to emphasize that it is very important to track volcanic activity based
on daily gravity measurement.

It will be nice if we can do this on Mt. Fuji, but I know there is also the problem of
the power supply and so on. But eventually when much smaller gravimeters
become available, we may be able to measure gravity every day on summit of Mt.
Fuji.

So, the slide #36 summarizes my talk. Firstly, the rise and fall in the magma can
be inferred form the gravity change with good accuracy. As I said, the first example
was Miyake-jima. We were able to find a cavity under the ground. In case of
Sakurajima, we were able to diagnose to what level it has reached. And this is an
academic example.

Secondly, we obtained a lot of know-hows through the gravity mission in the harsh
environment of Mt. Fuji. The technical tips have been utilized in many cases. We
were able to take measures against such harsh environment in other cases as well.
Thank you very much for your attention.
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Moderator
Thank you very much, Professor Okubo. Now, if you have any questions to
Professor Okubo, please.

Male Questioner

I am Sato, general citizen. Thank you very much for your very interesting
presentation. Now, in the gravity measurement, what's the most serious
disturbance? For example, moon or Jupiter or maybe sun could be major sources.
Because the axis of the earth is tilted, probably it differs by time and how did you
compensate for such disturbance?

Shuhei Okubo

Thank you very much for your advanced technical question. Yes, as you said, the
sun, moon, and planets exert tidal attraction, depending on time and locations as
you see in the tide. Because the phenomenon of tide is quite periodical , it's easy
to make predictions how the gravity would change if time and location on the
earth are given.. We can calculate that with very high level of accuracy. So, by
using that, we make some adjustments and corrections.

What was the other question? Jupiter? Yes, Jupiter, Venus, all those planets, taken
into account for our calculation.

Male Questioner
Thank you very much.

Moderator

Any other questions? Professor Okubo has to leave. He has another meeting to
attend. So, he will be leaving as soon as this presentation is over. If you have any
questions, don’t miss this opportunity to ask questions. No questions?

Male Questioner

I am Kobayashi. You mentioned that helium-neon laser was employed in your
observation. Right now, I believe that you can have the same frequency with the
semiconductors laser

Shuhei Okubo

It’s not just the power but the stability of frequency of the light. It shouldn’t be
changed with time, and we need to stabilize that. In order to stabilize that, helium-
neon laser allows us to do that. We need to have the special technology to bring
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this stability, and this is said to be the best technology in the world. In the future,
if we can use this technology, we would like to use this certainly.

Moderator
Any other questions?

Male Questioner

I am Tsukamoto. Well, it’s in this paper. You mainly talked about the volcanoes.
But you just said you want to develop this into earthquake research. Do you intend
to measure the gravity while the ground is shaking with an earthquake?

Shuhei Okubo

Well, T admit it might be misleading. We would like to show the co-seismic aspect,
namely, how the gravity changes because of the earthquakes. Based on that data
or information, we want to make analysis on the fault motion. In case of the
Tohoku earthquake, , the crustal deformation and is still going on even after 5 or
10 years. The same thing occurs in the gravity. So, we would like to know what
kinds of changes are taking place using the gravity. I will be talking about this day
after tomorrow at the meeting of seismological society of Japan.

Male Questioner
So, are you going to keep on monitoring at the same place and to monitor and
observe the changes in the ground?

Shuhei Okubo

Exactly, yes. Well, specifically speaking, this is like a PR part. This is the data of
the Tohoku earthquake. The red squares on the map shows the site occupied with
the absolute gravimeter. And using these, we monitored how the gravity changed
from 2011 to 2014. The blue area on this map denote where gravity decreased
while gravity increased in the red part. This is due to after-slip, not a simultaneous
slip with the earthquake but slip motion after the earthquake. that takes place in
the deeper part. So that is causing some changes in the surface above.

This slide shows of the gravity and elevation changes at Mizusawa and Sendai..
The rapid decrease from 2011 to 2013 is attributed to after-slip taking place.

Male Questioner
Thank you very much.

Moderator
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There are many researchers in this auditorium. So, of course, researchers are
welcome to make questions, too.

Male Questioner

I am Sumita. I guess you used a LaCoste-Romberg gravimeter on the Miyake-
jima. I also use the Lacoste gravimeter for precise gravity measurements. For
example, we measure gravity in a small area with spacing of a few meters. But
even in such situations, it is difficult for us to obtain good data with accuracy better
than 10 microgal. But you confidently mentioned about one microgal accuracy.
So, I believe that there is some kind of secret behind your observation.

Shuhei Okubo

Sorry, this 1 microgal is the accuracy of the absolute gravimeter, not LaCoste
gravimeter. We use the absolute gravimeter and so the figures at the absolute
station has 1 microgal accuracy. But, if we measure gravity difference from the
absolute station, at other places using a Lacoste gravimeter, the accuracy will be
10 microgal or so. But in the case of Miyake-jima eruption, gravity changes far
exceeded the observational errors. When we make some kind of adjustments, the
accuracy may reach 5 or 7 microgal.

Male Questioner
If we can have an opportunity to talk to you person to person, it will be very
grateful.

Shuhei Okubo
Yes, certainly.

Moderator
Any other questions.

Male Questioner

I am Seko. I am not an expert of volcano. We often listen to the gravity studies
at the seminars, but I am sure gravity is influenced by the ground water. And
unlike the planetary disturbance questioned earlier, I don’t think you can make
appropriate correction to the ground water effect with calculation. If yes, please
let me know what is important in doing such corrections.

Shuhei Okubo

Well, at a certain level, we can make corrections with calculation. For example, if
we know about how easy the underground water can flow, in other word,
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permeability and records of rainfall, we can compute how raindrops would be
transported underground. We can find that out by the calculation. I had a graduate
student who chose this correction for his dissertation. Right now, we are using the
software developed by him.

Of course, we cannot make complete adjustment but in case of Sakurajima, that
software was really effective.

Male Questioner
For that you need to know the distribution of precipitation of the local areas?

Shuhei Okubo

Yes, we may estimate the precipitation with AMEDAS. Input to the groundwater
can be thus rather easily determined. Then, we need to know the nature of the
soil, permeability.

Male Questioner
But I hear it could be very difficult to estimate precipitation with radar in higher

altitude. Do you make some assumptions to do that? Is that right?

Shuhei Okubo
Yes.

Moderator
Thank you very much.
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Communication during the 2018 Kilauea eruption crisis

COMMUNICATION DURING THE 2018 KILAUEA ERUPTION CRISIS

Informal, prepared remarks by Tina Neal, Scientist in Charge, US Geological
Survey, Hawaiian Volcano Observatory
4 October 2018

Aloha and thank you for the opportunity to speak about the extraordinary events
of the summer at Kilauea Volcano in Hawaii. I am very sorry I cannot be with you
in person. Please accept my sincere apology. I hope to see your beautiful Mt. Fuji
in person someday.

In this short presentation, I wish to share a brief summary of what happened
during the summer at Kilauea Volcano and speak about communication between
scientists, particularly volcano observatory scientists, civil authorities, the media,
and the public. I hope what I have to say is useful for you as you prepare for
similar crises in Japan. Japan has already a great deal of experience dealing with
volcanic eruptions and crisis response, and with each experience, it is my hope
that we become collectively more effective.

BRIEF SUMMARY OF VOLCANIC ACTIVITY

Kilauea Volcano on the Island of Hawai'i, receives mantle-derived magma into a
shallow magma plumbing system below the summit. There, the magma is stored
in a reservoir system. Magma may also be transported laterally up to tens of
kilometers along the volcano’s two rift zones: the east rift zone and the southwest
rift zone.

Prior to April 30, 2018, Kilauea had been erupting from a lava lake at the summit
and another location at the Pu'u '0'0 cone 20 km away down the East Rift Zone.

On April 30, the Pu'u '0'6 cone collapsed and a magmatic intrusion began to
propagate eastward into the lower East Rift Zone (LERZ). The first of what was
eventually a system of 24 eruptive fissures stretching 7 km opened on May 3
beneath a residential subdivision, Leilani Estates.

Over the next three months, lava erupted from multiple vents, eventually focusing
on one known as fissure 8 where a 100 m-tall spatter cone grew. At times, more
than 100 m?3 per second of lava poured from the ground. Eventually, 35.5 km?
were covered with lava. 716 structures including hundreds of homes were
destroyed and a 38-megawatt geothermal power plant was shut down and partially
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inundated by lava. Gas output from the eruption site was significant: more than
50,000 tonnes per day of sulphur dioxide were measured at the height of the
eruption.

The eruption also drained the Kilauea summit magma system, 40 km away, and
prompted a step-wise collapse of the summit caldera by more than 500 at the
center of subsidence. Most of the collapse occurred during discrete events that
happened 30-40 hours apart separated by periods of calm followed by increasing
numbers of small earthquakes leading to the collapse. Each collapse produced the
equivalent of a M5.2-M5.4 earthquake and up to several meters of subsidence over
a broad area. Ash and gas explosions occurred as the lava column receded into
the volcano, eventually draining the lava lake from sight in mid-May.

Eruption intensity diminished dramatically in early August and summit collapse
ended after the 62nd collapse event on August 2. At that time, a new collapse
feature 3 km by 2 km wide and more than 500 m deep was present on the floor
of Kilauea caldera. This collapse event was similar in some respects to the
Miyakejima eruption in 2000. (Indeed, Hawaiian Volcano Observatory (HVO)
scientists consulted Miyakejima experts during the crisis to discuss similarities and
what wisdom we could apply to the Hawaii situation and help with our
communication process.)

In the lower east rift zone, lava ceased flowing in to the ocean in late August, and
lava was last active inside the fissure 8 cone in early September.

For the Hawaiian Volcano Observatory (HVO), this a case of response to three
crises at once: an eruption, a caldera collapse, and the loss of our Observatory
due to shaking damage and ashfall. This was unprecedented in the history of HVO
and indeed any US volcano observatory.

Thankfully, no lives were lost during the eruption and collapse event and injuries
were few. This is in part due to the nature of activity and rapid closure of areas
most at risk of dangerous phenomena. But it is also due to ongoing
communication and information sharing about what was happening, what the risks
were, and how people could stay safe.

Now to address the nature of some of these communications.

In the United States, volcano scientists (such as those at USGS volcano
observatories) speak directly to the public and the media about what the volcano
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is doing and what hazards are present or anticipated. Civil defense authorities are
also responsible for speaking to the public and media, more importantly, advising
or ordering those at risk what to do. It is essential that the messages be timely,
accurate, consistent, accessible, and helpful. This list of attributes is not new nor
a unique listing. I recognize the many USGS and other science communicators
from volcanology and other hazard sciences who have put forth this short list of
key measures of effective messaging. Among the, I'd like to especially call out
Don Peterson and Bob Tilling, both former Scientists in Charge at the Hawaiian
Volcano Observatory, to whom I owe a great deal of gratitude.

TIMELINESS

Volcanic crises are by their nature complex and highly uncertain. And the science
of volcanology has much to accomplish in order to increase the accuracy of
forecasts of what will happen, where, and for how long. However for warnings to
be effective, they must allow enough time for proper preparation and
reaction. This means that when a volcano is restless, this information should be
shared widely. Of course there is typically no guarantee that an eruption will occur,
and that has to be stated, but authorities and the public are best served by early
warning. In a sense, reminding residents and visitors that they are near or on a
potentially active volcano is a long term warning. That information can be shared
in long term hazard assessments and hazard maps, and my ongoing public
education campaigns.

When activity escalates, scientists must quickly interpret changing monitoring data
and issue information as soon as possible to explain the nature of the unrest and
what can happen - all the possibilities - with as much detail as possible given the
state of knowledge about that particular volcano and situation.

For Kilauea in 2018, HVO issued a public notice of a possible change in the
volcano’s state in mid-April. We ensured that local authorities such as civil
defense and the National Park who would be responsible for evacuating citizens
knew that the volcano was presenting a new threat.

Once collapse of Puu Oo occurred on April 30, HVO issued a public notice of
potential eruption on May 1. Other public notices followed throughout the eruption
as the situation changed. Information in the form of text messages sent by email
and posted to our web site and social media were shared publicly at least once per
day, and sometimes twice.
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People want photographs and video in addition to words, and they want them
fast. HVO worked hard to post and share a number of images and movies as soon
as possible each day to keep the media and the public informed visually about
what was happening. I think this assisted greatly in giving people a better sense
of what the volcano was doing and what risks they faced. In addition, people
around the world could follow the eruption. The challenge is that it takes a great
deal of time, photographic resources, and infrastructure ready to handle large
image and movie files and the massive number of images collected each
day. Planning for how to accomplish this ahead of time is helpful. HVO did not
actively seek photographs or videos of citizens, but in some circumstances this
could be very helpful.

ACCURACY

Of course scientists want to and must be as accurate as possible in communications
about volcanoes and volcanic hazards. Information should be true to the
observations and data at hand, presented with clear acknowledgement of the level
of uncertainty for each statement or interpretation. It is important to say directly
when something is not known. I have found that the public is generally very
understanding that there are limits to what is known with certainty about the
behavior of volcanoes.

Some volcano hazards require expertise that are not normally working around
volcanoes directly. At Kilauea for instance, the high gas levels meant that public
health experts were central to the discussion of hazards. The US military became
part of the response effort to help with security and to be no hand in case air
evacuations were necessary. Other agencies arrived to assist with
evacuees. New experts inserted into the middle of the response meant new
challenges in communication to ensure that all authorities were speaking with one
voice and that the right person or group was dealing with a particular issue. At
times, this was very challenging.

CONSISTENCY

Consistency is critical when discussing the status of volcanoes and the nature of
hazards. A lack of consistency can erode trust and create confusion among those
at risk.

Ensuring consistency of messages requires pre-planning among the various groups
communicating with the public and media during a crisis. Volcano scientists who
are responsible for monitoring and providing information to civil authorities must
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invest time in between volcanic crises to assist with smooth flow of information
during a response. This means doing things outside a typical scientist role such
as taking the time to meet with authorities well before a crisis to build trust and
develop a sense of who has what role during a crisis. It is helpful to have a written
plan for communication during volcanic emergencies - as well as during quiet
times - so that the different groups are aware of each other’'s communication
responsibilities and protocols. This is especially important when multiple levels of
government are involved: local, state, and federal in the case of the United States.

During the 2018 Kilauea activity, HVO and the civil authorities often conferred
directly and shared drafts of text messages prior to issuance so that we could be
certain that the same information was coming from several government
agencies. This was made easier during the main part of the crisis when HVO had
a scientist embedded around the clock at the emergency operations center or
headquarters for civil defense. That way, there was always a single point of
contact for authorities wanting information and wanting to coordinate public
communication.

Another challenge of internal communication is how to assemble field reports and
all the other information coming in 24/7 during a crisis. With so many ways to
communicate (radio, cell phone, satellite phone, text message, email) it is easy
for communications and information to become fractured and incomplete. HVO
tried several ways to deal with this and settled on an internet-based collaboration
tool for all other scientists needing to know the information. Organizations would
do well to anticipate this challenge for future crises and try to identify the best tool
or tools ahead of time.

Internally, it is important that scientific agencies develop a mechanism to insure
that the volcano observatory speaks with a single voice on the status of the volcano
and its hazards.

This can be challenging during a crisis when things are changing quickly, as it was
for HVO in 2018. This was made more difficult by the loss of our central
observatory building, putting staff in multiple locations. Discipline to not speak
before understanding the consensus scientific interpretation, or at least to
acknowledge that such a consensus has not yet been reached, is important.

External researchers who may be involved in eruption response have important
responsibilities to contribute to the scientific response effort but not confuse those
at risk. Visiting research scientists should be aware of and respect the local chain
of command, offer advice and counsel privately, so that the media and the public
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know which agencies are the ultimate authorities for information pertaining to
public safety.

ACCESSIBILITY

For information to be helpful, it must be accessible, easy to find or receive. This
means taking advantage of all the new tools for communication including social
media. We found that for some groups, social media was the best way to reach
them, including residents near the eruption. So, more emphasis was placed on
social media during the Kilauea eruption than ever before. While we continued to
issue information on our web site, via daily telephone media briefings and live
interviews, and by direct email, we had multiple scientists spending many hours
per day on social media.

HVO also held or participated in many public meetings both near the eruption site
and near the summit of the volcano where caldera collapse was occurring.

These meetings, always held with representatives from other agencies such as civil
defense or public works or the National Park, were an extremely powerful way to
reach citizens at the center of each event. Information shared typically with
powerpoint gave a description of what was happening at the volcano (what
scientists were observing), what was likely to happen, and what hazards people
would face. Through time at these meetings, we grew better able to anticipate
questions. All meetings had time at the end for public questions so that people
could address their particular concerns. Handouts were prepared for some
meetings, and specific reports describing the content of the meetings were posted
on line or made available in hard copy. Local TV stations broadcast the meetings
to share the information with those that could not attend or could not fit in the
sometimes small spaces.

These types of events are time consuming and they can be tiring, but they build
trust with the community and require scientists and authorities to hone their
message through repetition and explanation. They are also ways to find out what
information is not clear, what needs to be more thoroughly explained, and what
concerns of those at risk may not be clear to authorities!

Accessibility also means using language that is understandable. It is important to
minimize jargon and speak directly and simply. This is often hard for scientists
who are trained to use highly technical language. Scientists need to practice
simple, clear communication about hazards and help each other change words that
are not necessary to convey the important information. This does not mean to
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make communication less accurate. It is to make the key messages more
accessible.

HELPFULNESS

We are taught by social scientists that in warning messages, people want to know
what is happening, how it affects them, and what to do about it. That means that
communications should offer guidance or ways for people to take action to be safe
or remain safe. In the US this is often called a ‘call to action’
statement. Sometimes, this can be as simple as ‘stay informed’ or ‘refer to
additional information from civil defense’. It can also be very explicit, within the
guidelines for each agency, such as ‘stay out of closed areas’ or ‘be prepared to
self-evacuate’ or ‘avoid prolonged exposure to ash’.

These guidance statements should be carefully reviewed by subject matter experts
to ensure accuracy and appropriateness.

HVO messages offered such statements over the course of the eruption and
collapse this summer. In addition, our written messages contained humerous web
site links for further information, as well as contact information for any
questions. It is also advised to let the public and the media know when the next
formal notice will be given: tomorrow? When a significant change occurs?

LEARNING FROM EACH EVENT

With Kilauea Volcano now quiet, we are looking back on what happened this
summer and try to learn what we can do better next time. We know with absolute
certainty there will be a next time because Kilauea is one of the world’s most active
volcano and neighboring Mauna Loa Volcano will also erupt again, although we do
not know when. I think many of the insights we will gain from examining our
communication program in 2018 will help with a more effective response to a
Mauna Loa eruption.

Nothing goes completely right during a volcanic crisis and by identifying what does
go well and what does not, we hope to modify our response, including how we
communicate information during a crisis, to improve. It is important to look back
critically and document what can be done better in the next eruption event. In the
‘peacetime’ that follows, it may be that volcano observatories need to enlist the
help of social scientists and others to rigorously evaluate the effectiveness of
communication programs.
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SOME POSSIBLE LESSONS LEARNED FROM 2018

Overall, HVO seemed to get high marks from many corners for its communication
during the 2018 events. There are several aspects of our communication that I
think could have been better. Two that occur to me are:

*more rapid sharing of a prognosis or forecast of likely outcomes; our written
reports were done through a consensus process involving many scientists,
including colleagues from Japan. This took many weeks and in an even more
dynamic situation, this would have been too slow. This process must occur faster.

*the use of probabilities in forecasting; this remains a controversial topic among
volcanologists and other warning authorities worldwide. There is not yet an
established, widely used methodology for determining probabilities of different
outcomes during a volcanic crisis. Probability trees and other tools are used by
some observatories, but few have practice successfully using this approach as a
public communication tool. There are concerns about how well the public (and
even scientists!) understand probabilities and if this approach would be more
helpful than using qualitative terms such as ‘*highly unlikely’ or ‘very likely’.

*addressing the key needs of civil authorities; it is my impression that authorities
do not always ask scientists the exact questions they most want answered. Or,
they do not indicate when information provided by scientists is not helpful or is
incomplete. Perhaps this is due to an assumption that scientists know best and
that if they knew something relevant, they would speak up. In contrast, civil
authorities need information that is not always exactly what scientists gather in
the course of their work. And, scientists do not always understand the pressures
and constraints that civil authorities face. In the future I hope that authorities are
more direct in asking HVO and other observatories what they need to know to do
their work and make good decisions.

There is a broad network of responsibility when responding to a volcanic crisis that
involves the scientific experts, the civil authorities, guest researchers, and
residents and other stakeholders at risk. Understanding and explaining the
specific roles of each group can streamline the information process by defining
‘who says what, when, and to whom’, information that should be documented in
writing well before a crisis if possible. At-risk stakeholders should try to be
informed ahead of time to aid in long term preparations, and during a crisis need
to continue to monitor messages to respond appropriately. This in turn depends
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on the timeliness, accuracy, consistency, accessibility, and helpfulness of official
information.

In closing, the 2018 eruption and collapse crisis at Kilauea Volcano tested HVO's
ability to effectively communicate an array of hazard information to many
stakeholders. Much of our response followed long-established protocols and
procedures but much had to be developed in ‘the heat of battle’. This was not
ideal but thanks to the creativity and dedication of many scientists and
communicators, it was largely successful.
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Moderator

Now, we would like to start second part, panel discussion. We will the looking at
the challenges of predicting eruptive activities through observation and monitoring
and to what extent do we need to accuracy in detection performance for each
observation factor. I'd like to invite our panelists; first, the coordinator of the panel
discussion from MFRI, Director, Dr. Toshitsugu Fujii.

The very first panelist, I'd like to introduce is Professor Wiwit Suryanto from Gadjah
Mada University in Indonesia and then from Tohoku University Professor Satoshi
Miura. We also have professor of Hokkaido University, Hiroaki Takahashi and
associate professor, Professor Jun Nishijima of Kyushu University and Earthquake
Research Institute of the University of Tokyo, Professor Yosuke Aoki.

So, we will start the panel discussion. I'd like to ask Dr. Fujii to proceed for the
panel discussion.

Toshitsugu Fujii

Yes, we would like to begin the panel discussion. In the first part of the program,
moderator said that the audience can wait their questions up to the panel
discussion. So, I'd like to start off with accepting questions. Already Dr. Okubo
left, but we have other speakers with us. I'd like to invite questions on the
presentations we heard in the first part. Any questions from the audience, from
the floor?

Please identify to whom you're asking the question. You can ask questions to the
very first speaker, Dr. Takada. Any question, please?

Since there aren’t any questions at this point in time, we will begin the panel
discussion.

Majority of the panel members has already made presentations but there is only
one person who did not speak this morning, who is As Associate Professor Jun
Nishijima from Kyushu University. One of the questions from the floor in the first
part of the symposium was how we can understand the groundwater with gravity
measurement. And, that is his specialty. So, I'd like to ask Professor Nishijima to
introduce himself and also discuss just briefly what his research is all about.

Jun Nishijima

Thank you. I'm Nishijima from Kyushu University. Dr. Okubo talked about the
gravity measurement early on. My research as opposed to volcanic disasters,
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we've been discussing this morning. Now, volcano has a gigantic heat source.
There is also the positive aspect of that heat. Specifically speaking we do enjoy
hot spring and spa, that is low temperature spring water that we actually heat up
with boiler. Sometimes, we get very high temperature spring, 200-300 degrees,
which is usually used for geothermal heating, geothermal power, that is my
specialty.

Where the heat source, hot spring is located, that’s the question that I tried to
answer by identifying internal underground structure. Geothermal power plant
needs to be operated stably on the long-term basis. We need to assess
sustainability of the heat source, in other words, the groundwater. If you pump
too much groundwater, gravity goes down. If there is additional supply of water,
there will be increasing gravity. We actually look at the gravity variation to try to
understand the sustainability of hot spring.

Now underground water, when the water level changes about 2 meters depending
on the depths, we will be able to identify clear signal through gravity change. For
geothermal production, the depths 2000 m will be the target level. There will be
a major gravity change when the groundwater level changes. As Dr. Okubo
discussed, there will be disturbances that influence the groundwater and gravity.
That would be present the challenge of our research. Thank you very much.

Toshitsugu Fujii

As Associate Professor Nishijima introduced his research, basically relations
between ground water and the gravity. So, we already know who our panelists
are in front of you. Without further ado, we would like to start our panel discussion.
The theme we set today is, how we forecast the volcanic eruption based on
observation and monitoring. There were presentations made from different fields
in the first session. Dr. Aoki mentioned that we need to understand internal
structure of volcano to be able to forecast the eruption, and the importance of
understanding internal structure for the purpose of highly accurate observation.
This January 23rd, we had a phreatic eruption which is a type of eruption we find
difficult to predict. Ontake 2014 eruption was also a phreatic eruption. It is very
difficult at present, but if we carry out careful observation and monitoring, we may
be able to identify precursor even in such a phreatic eruption, which was presented
by Professor Takahashi in his talk about the high precision observation.

On the long dormant volcanoes, what do we have to observe and what we can
detect, Professor Miura talked mentioning about volcanoes in Tohoku district.
Professor Suryanto talked about Merapi volcano and Kelud volcano as examples.
He said that although the duration of precursors is variable, it is important how we
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should interpret scientific information and translate that to public information to
prepare citizens to respond to this crisis . He also emphasized the importance of
educating citizens, especially children.

As you know, Professor Okubo emphasized the importance of gravity measurement.
That is the only direct method to understand magma movements. Tiltmeter or
seismometers are all indirect measurement. They gives us indirect information
about movement of magma, but gravity is the way to directly understand the
magma level if we can actually carry out precise correction. So Professor Okubo
also talked about the importance of gravity measurement at Mt. Fuji. Also, Dr.
Honda read out the statements presentation written by Professor Christina Neal,
the head of HVO, USGS. When there is abrupt eruption at Kilauea, what type of
observations being made and how that information is communicated to citizens?
There were mentionings about different roles played by civil defense agency.

Professor Suryanto and Dr. Neal's presentation have something in common, that
is, the importance of communicating scientific information to citizens in a very brief
and concise, easy to understand manner. It will be very difficult for us to cover all
of these issues in this limited time, but starting with observation and monitoring,
how they are important to forecast volcanic activity. We know they are very
difficult, but we need to carry out the observation and monitoring.

I'd like to invite comments from each panelist about the importance of observation
and monitoring starting with Dr. Aoki, who talked about the internal structure of
volcanoes. He also observes deformation of the ground as well. So, let’s start
with Dr. Aoki.

Yosuke Aoki

Thank you very much. Volcanic activities, if we're looking at gravity as well as
deformation and other ways, if we are to observe volcanic activities through all
these different methods, probably, we need to interpret the observed data and
communicate that to the general public. Of course, whatever we do it, it will never
be perfect. We heard about compensation in gravity measurement, but under
surface, we might see some changes in the gravity or we may feel that some sort
of crustal deformation is occurring where we need to adjust what we've measured.
We need to compensate that. We might look at GPS technology, use of the satellite
images as well as the EDM measurements. The radar waves, as they travel
through atmosphere, it would be deflected and therefore it causes some errors.
We need to understand all that and understand the errors as well. We need to
incorporate such errors and understand that maybe this looks like some changes,
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but actually it is a noise. We need to be able to communicate that to the general
public. The scientists also need to keep in mind of those things as we try to
interpret the observed data.

Toshitsugu Fujii

Thank you very much for that. Dr. Aoki has pointed out something very important.
I believe, Christina Neal also said something very important. She also said that
there is always something incomprehensible even if we made careful observation.
How much will we be able to understand, what is it that we don't understand or
know, that also needs to be communicated to the public. In case of Hawaii, the
scientists directly communicated to the citizens.

I believe that is one very important point. So from that perspective, as we do not
understand the phreatic eruption so well, the information that was provided at the
2014 eruption of Mount Ontake was not sufficient, of course.

I'd like to ask Professor Takahashi to explain a little bit more about the phreatic
eruption.

Hiroaki Takahashi

Yes, thank you very much. I'm Takahashi once again. During the morning, I took
the example of Meakan Dake to explain. I tried to explain what is happening under
the ground which led to happenings or events of aboveground. Why is it that we
can now imagine that Meakan Dake had many eruptions? Therefore, we had a lot
of experience. We have been observing the mountain for a very long time.
Therefore, we had a lot of data to begin with. That is why we were able to
understand a little bit about the underground structure. Now, not just phreatic
eruption but when we carried out research on volcanoes, in the case of Meakan,
we have been focusing on one mountain for 50 years, which erupted 7-8 times,
but that's a rare case.

We need to observe many different volcanoes, so that we can gain experience and
understand the mechanisms. I believe that’s very important when it comes to
observation of volcanoes. Just recently in the past 10 years or so, especially the
JMA observation of volcanoes has expanded. For example, after the Mount Usu
eruption in Hokkaido in the year 2000, there was only one observation point of the
meteorological agency, but now for all volcanoes around Japan, we do have three
or more points of observation. Now, finally, we have many devices installed on
these mountains. So, it's very important that we get data on each eruption to try
to understand what actually happened. We need to accumulate these past
experiences.
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As a next step, understanding what is happening on real-time basis and try to train
ourselves to grasp that. We believe Professor Christina Neal talked about that as
well to have some assumptions, train ourselves. HVO is one of the most advanced
observatories when it comes to volcanic activities, but even the director at HVO is
saying that this Kilauea eruption was another part of their experience. So, you
need to have assumptions and try to understand what we can learn based on the
data that we have at hand. We need to verify the data later on. Nowadays, we
do have a large amount of data, but we need to try to use that so that we can
grasp on a real-time basis what is happening. Not just at the universities but we
hope that meteorological agency can also do that so that we can accumulate
experiences.

Toshitsugu Fujii

Thank you very much. The HVO, the Hawaii Volcano Observatory and the Japanese
volcano monitoring system may be quite different. In the case of Hawaii, they
have about 20 resident scientists at the observatory. Then, they also have the
supporting technitians, but here in Japan, we don't have such a team anywhere
you go.

Dr. Neal talked about having a single voice among scientists and also the
authorities so that information can go out into the public as a single voice. Do you
think this is possible in Japan where we have many scientists gathered around
mostly in the university, but you only have one or two experts in each university?
Do you think the universities can be able to provide a single voice to the public,
Professor Takahashi?

Hiroaki Takahashi

That's a very difficult question, but as you all know, university observatories are
now in a tough situation, at Hokkaido University also. Twenty years ago, we had
5 people for observing the volcanoes, but probably in the near future, it would go
down to just 3 people. It's not half but just two thirds of where we were. In terms
of manpower compared to the USGS, it's going to be very difficult to do the same
thing as they are doing.

However, we can't just say what is difficult to do compared to about 10 years ago,
the data flow because of the Internet connections becoming better. In the past,
for example, image data if you get it in Kyushu and sending that to Hokkaido, it
was a very difficult. However, nowadays, you can transfer image data very easily.
Because of the development of Internet, we can share data better among different
organizations. So even if we have a lack of manpower, we can utilize technology
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to overcome that lack in human resources, albeit Hawaii or Russia or Italy. They
have better teams to observe volcanoes compared to Japan. So, how are we going
to continue in a sustainable manner the research of volcanoes, that is something
we need to think hard about in Japan.

Toshitsugu Fujii

Thank you very much. I believe I gave you a very tough question from the outset.
I think all of you have understood that the Volcano Disaster Management and
volcano observation in Japan are not ahead in the world. We are far from the ideal.
Maybe, having a team like HVO is the best or like INGV in Italy having a national
institute might be a model that we can follow. However, right now that is not
possible in Japan.

Now, why do we need such system? Because if volcanoes are erupting all the time,
the researchers will be attracted because it is a very good subject to make research
and that would also advance the research just like in the case of Hawaii. But just
as Professor Miura said, the volcanoes in Tohoku region go quiet for a few hundred
years and suddenly they may become unrest. Then, it becomes quiet, and other
volcanoes start being unrest. To understand the whole sequence of such unsteady
volcano , we have to montor the volcano all the time daily, well, we need to do
that; otherwise, we can't even recognize any precursors until the eruption starts.
I'm sure Dr. Miura you have many concerns, could you like to elaborate that?

Satoshi Miura

Prof. Takahashi talked about Meakandake, which has frequently erupted, and then
provide us rich experiences and data. These accumulated data are useful to
compare with ongoing phenomena occurring around the volcano and to construct
a model to interpret the volcano. Conversely, the last eruption of Zaozan volcano
occurred in 1940 and needless to say, didn't provide any volcanological data
through any modern observation system as we have now. So, we don't even know
what happened at that time. Volcanos with long rests don't provide accumulated
data or experience. Even though we observe one kind of a phenomenon, we don’t
know what is linked to. As I talked towards the end of my presentation, Prof.
Hashimoto of Hoakkaido University showed clear correlation between the depths
of pressure sources and the deformation rates by compiling the previous studies
of Japanese volcanoes suggesting that some common physical processes exist
even for different volcanoes. Comparative studies may be clue to understand the
volcanos with long rests.

Toshitsugu Fujii
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Thank you very much. So, in case of Japan, Sakurajima is erupting every day.
While, we also have volcanoes in Tohoku region which had been dormant for
several hundred years just like Mount Fuji which has been quiet for the past 300
years, but we don’t know when the next eruption will come. Long term prediction
is very difficult, but once the eruption is imminent, we need to grasp when that
eruption will occur. That is done by physical observation. No matter how much
the historical record is accumulated, it’s difficult to predict when the next one will
come. But it's necessary that we need to grasp the on-going phenomena that
could lead to the next development. To achieve this, instrumental observations
are necessary and we need to do that in many aspects.

One thing is that our model could be the case of Indonesia, particularly Mount
Merapi or Kelud. Indonesia has national organization which used to be called
Volcanological Survey of Indonesia and now it's called CVGHM. This is the
organization which is observing volcanoes comprehensively and hand the
information to the disaster prevention authority.

Indonesia have been accumulating all the data on volcanoes since it was the colony
of the Netherlands. Those accumulated data are now utilized. Dr. Suryanto, you
talked about a very unfortunate case but in case of Merapi, you had the precursors
and were able to issue evacuation order. Why are you able to do this, any
suggestion to us professor?

Wiwit Suryant

Thank you very much for the questions. Yes, for the case of 2010 eruption, we
can say that successfully we could evacuate the people. As I explained in the
video, most of the victims are the people that they just want to stay there.
Although, the government asked them to evacuate it, they say, no, I will this live
and dead in this land. This is our problem actually. The case of Merapi in 2010,
is very clear precursor because it is supposed to be explosive comparing to the
previous one which is effusive. The effusive was following by the dome growth of
the volcano and then collapses as pyroclastic flows and since 2006, then we show
a very increase deformation of the flank of the Merapi volcano.

Then, the authority was afraid that it will be a bigger eruption, so they have the
alert for about 2 weeks before. They already asked the people to aware about the
possibility of very high explosion of Merapi volcano and please be prepared. Then,
one day just before the eruption, there was information from the government that
the people should leave the villages around the volcano. All the people followed
this and obeyed this. There were almost no victims there. Some victims they got
when they went back to their home. This is the second eruption in Merapi volcano.
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A lot of victims had happened in second eruption in 5th of November. As you said
that in Indonesia, we have the center of volcanological agency, which is lot of
scientists in this agency, but we have a lot of volcanoes to monitor. Although,
there are a lot of scientists but almost every day they are very hard working in the
daily basis of observation. For the scientific research, it’s only a few especially for
understanding the internal structure of the volcano. Including Merapi, until now,
we still have unclear model of the subsurface. This also makes very difficult to
predict what kind of eruption that will happen in the future of Merapi volcano.
Thank you very much.

Toshitsugu Fujii

Thank you very much. In Indonesia, for the active volcanoes just like Merapi, they
have been able to capture precursors and utilized them to issue evacuation orders.
It is CVGHM of Indonesia you talked about. Could you please tell about the
relationship with the CVGHM and the research of universities, especially about the
relationship between university researchers and the staff of CVGHM? In case of
Japan, most of the volcano researchers would stay in universities and JMA monitor
volcanoes by their own observation instruments. I think that's the major
difference between Japan and other countries. In case of Indonesia, the university
and CVGHM, what is the relationship between these two organizations? Are they
working effectively or it may happen the researchers in the universities shift to the
CVGHM or other vice versa happens?

Wiwit Suryanto

The relation is fine. Actually, we have a good relation between the university and
the CVGHM in Bandung, but sometimes considering the data, it's quite complicated
for sharing with the university. It's after 2010, as I've explained in the
presentation that we have several phreatic eruptions. As you know that it's quite
difficult to predict, so at that time until now, the precursor of the Merapi activity is
very few. So, it's very difficult to find the precursors. Just starting this year, I
think we have more good relation with them. At that time, after the 11 eruptions
of Merapi, they invite us as scientists from the universities to come to their office
and they share everything to us, so please help us to solve the problems to find
the precursor and so on and so. I think in the future, our relation is better and
better and hopefully we can just use our theoretical point of view to the real
observation data to hopefully you can solve the problems.

Toshitsugu Fujii

Thank you very much. It’s the Indonesian experience that we just heard. As Dr.
Miura said early on, recently in Japan, JMA has been able to advance the
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observation technologies and has collected large amount of data, which is now
widely shared. JMA observation data is more widely available to university
volcanologists and researchers. I just wanted to understand what's that situation
there in Indonesia. Prof. Suryant explainedsharing has been done in a healthy
manner in Indonesia, too, and the relation between Universities and CVGHM has
been getting better.

Having said that in Japan, a lot of researchers belong to universities and JMA is
mostly consist of engineers. They are two separate groups. Therefore, the nature
of the relation may be a bit different, I feel. The JMA measurement data has been
shared by university researchers. Now it is a big issue how that's going to be dealt
with by volcanologists at universities. Just writing papers using those data is not
enough for the mitigation of volcanic disasters. In relation to that, I think Professor
Miura who belongs to the coordinating committee for the prediction of volcanic
eruption would give us some commnent. It's a very important data the JMA has.
In order to make the best use of that data, what sort of organization or attitude
the researchers should have, can you talk about this?

Satoshi Miura

It is true that data from JMA and NIED is transferred to universities and shared
basically in real time. Since we university stuff focus on research to interpret
observed phenomena taking place inside the volcanos. Honestly speaking though
have we communicated the research results to JMA, it is not always the case. We
need to actually change that. The biggest problem we have is that we are divided
into completely different organizations. There is always lack of communication.
Universities are trying to share knowledge with JMA taking every possible occasion.
We wish to have more frequent discussion. On the other hand, we have time
constraints. It's far from the ideal relations that we have with JMA.

A section of the cabinet office, which is responsible for volcanic disaster prevention,
has surveyed the systems of research and disaster mitigation for volcanoes in
foreign countries such as USA, Italy, New Zealand and Indonesia. Their report
showed that organizations are integrated both for research and disaster prevention
in the most of these countries. In the case of our country, however, many sections
of each ministry of government agency including universities have partial
responsibilities and promote them almost independently. This is a big problem.

Toshitsugu Fujii

I am not trying to guide the discussion to a certain direction. There is no intention,
so I would like to set this discussion aside.
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There is an issue of who will be responsible for volcanic observation. During the
Usu 2000 eruption, Usuobservatory of Hokkaido university was successful in
communicating the information. Between 1990 and '95, during the Unzen Fugen
Mountain eruption, Shimabara volcano observatory of Kyushu University actually
led the communication. Experienced these two cases, the other municipal
governments where volcano existed wanted to have a similar researcher, that is,
a home doctor, supporting them.

I understand they want to have their own home doctor for their volcanoes.
However, it's very difficult in reality. University volcano observatories is located
in Usu, , in Kusatsu-Shirane, Mountain Aso, Shimabara, and Sakurajima, only 5
locations. JMA are actually monitoring 50 volcanoes constantly but out of them,
only 5 locations haveuniversity observatories. Expanding that to all 50 volcanoes
will not be realistic. What should we do? I'd like to invite the opinions from
researchers who are here today, maybe, not directly involved with volcano
monitoring. Associate Professor Nishijima, what is your opinion? What are your
thoughts?

Jun Nishijima

We are looking at Kuju Mountain in Oita Prefecture. We carry out monitoring.
Aside the education, we constantly have lack of human resources. We want more
people helping us especially those who are helping us in making infield observation,
on-site observation, maybe from local community that would be nice if I can find
somebody who would be helping us.

Toshitsugu Fujii
I did not remember that you were involved with Kuju observation. Now, Dr. Aoki,
what is your opinion?

Yosuke Aoki

When it comes to observation, there is inefficiency in Japan. I think of seismic
data, there is JMA, there is scientific center, there are universities, there are
multiple groups that are involved. Dr. Neal from USGS said there should be one
voice and this is something that we need to do in Japan as well. If JMA could lead
all of these organizations, we can form one single voice. Having said that, there
are diverse data that are managed differently by multiple organizations. Even
when we have good communication, data taken by each individual organization
will be different. There are people in each organization that have to take and
collect data. That's where we need to change. As data management organization,
we have to have one single united organization. If possible just like USGS did, the
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organization that manages data should also have researchers and at least have
researchers close by so that there will be constant smooth communication between
them.

However, that may only happen in the faraway future after we clear many hurdles,
but for the time being and since I am from university, the universities and
meteorological agency and also NIED, the National Disaster Management Center,
should communicate well and frequently and also in Tokyo the university as well
as the meteorological agency’s relationship is quite far apart. But the Hokkaido
University has a very close relationship with the meteorological agency, so I
believe universities in Tokyo need to do better.

Toshitsugu Fujii
Thank you very much, D Takahashi please?

Hiroaki Takahashi

Yes, home doctor, being a family doctor to the volcano. As was mentioned,
Hokkaido University does have an observatory close to Mount Usu and in the 2000
eruption, Dr. Okada was the head there. He communicated with the prefecture as
well as the municipalities around the mountain. He had a good network. Also, in
the case of Hokkaido, Hokkaido’s disaster management council, they also have
volcano experts and the researchers have a close relationship. Therefore, back
then, we did have a very close relationship with the local government. Probably
that is why the university was able to function well as a volcano family doctor. It
was really based on the personality of the people at the observatory back then.
So, in 2000 yes, there were close contacts with the municipalities as well as the
citizens are being able to do that. Now and into the future, we do have problems
of manpower. It may be very difficult to repeat the same.

For each volcano rather than looking at individual volcano and trying to deal with
the situation individually because of manpower, it's going to be difficult, so you
have to have the meteorological agency and also the local observatory. In
Hokkaido’s case and also Hokkaido government, we need to have a close
relationship with these organizations, not just for the volcanoes but also for
earthquake issues. The Sapporo Observatory for volcanoes every 3 months and
also on earthquakes every month we do have study group meetings to exchange
information. Every year we have also a baseball contest so that we can build a
good relationship among the staffs. So it's again between the local JMA versus
Hokkaido University. At these times, students would also come and they would be
able to understand what the meteorological agency is doing. Also, students may
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want to find a job at the agency after these exchanges. Therefore, having these
opportunities are very important in building the basis of good relationships.

Toshitsugu Fujii

Thank you very much for that. In the faraway future as Dr. Aoki says, maybe, like
INGV in Italy where like CVGHM and also like USGS in the United States, we could
have experts that can get together in one place to observe the volcanoes around
Japan. Dr. Aoki is saying that it's not going to happen very soon. Right now
probably universities and JMA at least should have good and close relationship.
Hokkaido University and on the Sapporo local observatory of JMA is trying to build
good human relationship among themselves. 1 believe that is a very important
endeavor. Like Dr. Aoki said, we should continue what we're doing today so that
we can have better relationships and better mechanisms in the future.

In order to understand the volcanoes, both functions of the research organizations
and the monitoring organizations are necessary; however, the relationship
between the two in Japan is a bit different from other countries. I hope everybody
understands that.

Another issue that we face is, how to use the data gathered from monitoring and
observation so that it could be communicated to the government and also to the
public? HVO in Hawaii, Christina Neal, has emphasized the importance of doing
that. Communicating in one voice and also having the researchers discussing
among themselves before communicating the contents in a single voice. Also, it
was pointed out good discussions are necessary with the local government. The
government may not be able to totally understand what the researchers are saying.
There needs to be efforts trying to fill in the gap. I believe, Professor Suryanto,
you have also faced such situation in Indonesia, so are there any suggestions that
you can give us here in Japan? Maybe, you share opinion with Christina Neal but
any suggestions for Japan?

Wiwit Suryant

Yes, in Indonesia, it is very good relation between the two agencies, the CVHMG
and the community through the agency of hazard mitigation, BNPB and BPBD in
the regional scale. So, they have like monthly focus group discussion among them
and share the information from the scientific point of view. They try to explain in
the plain language, so it's hopefully easy to understand. Also, they invite usually
the media to join. Especially, in Jakarta, in Merapi Observatory they have a special
room for the media, for the press so they can stay there and they can ask anything
about the, like scientific issue or anything else about the volcano. I think this is
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very good idea to do. Whenever the activity of the Merapi Volcano occurs, then
they can wisely share the information to the public so hot make them worried but
make them aware of this. Thank you very much.

Toshitsugu Fujii

Thank you very much for that. In Indonesia, especially for the Merapi Mountain,
you have a local volcano observatory belonging to CVGHM. Also, the
researchers/scientists there can communicate appropriately to the local
government as well as the general public. Here, as we have been staying in
Japan's case, there are many different opinions among university volcano
researchers on how much researchers can get involved in communication because
researchers or university people think that they should be involved in research and
also education. Why is it that we need to be the ones to speak to the public?
There are many people who think in that way, but USGS that is a national
organization; therefore, they are mandated to speak to the public. I believe here
in Japan, where the universities are the center of volcanic study and observation,
there is this big difference between what we see in the United States and Japan.
So now, I'd like to ask Professor Miura about what your thoughts are?

Satoshi Miura

That is a very difficult problem, but I myself am not very good at communicating
with the public. I have never been trained to do it, since I have been focusing on
research and also education. Yes, depending on the researcher, there are many
people who are very good communicators. Maybe, they can utilize their skills and
try to actively get involved in communicating with the public. I believe we would
need a system to help us to cover-up for what we lack. I'm hoping that we can
speak to good communicators who will be able to communicate to the public more
efficiently. However, I know that this can't be done easily, so I should seize every
opportunity to try to observe what other people are doing. Just as the Director of
USGS said, I hope that I'll be able to do what she said by myself. Thank you.

Toshitsugu Fujii

Thank you. What Professor Miura said was also shared by Director Neal that was
a concern in dealing with this eruption crisis there are some scientific jargons which
only scientists can understand. If you use those words to administration or to the
public people, you will never be understood. She also said that maybe she has to
involve the social scientists in this risk communication. Their communication with
ordinary people in plain language to be able to communicate without causing
misunderstanding is very important. But is it correct to demand that to the
university researchers? I myself believe that is quite difficult particularly these
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days, we often talk about that the Japanese universities are in very dire situation.
Research fund is being slashed and manpower is decreasing. On top of that to
raise the level of the research and also try to be responsible to the communication
with the society probably it is too demanding.

I no longer work for universities, so I can say whatever I can, but I believe that
they’re demanding too much universities. I believe we should have the
organization that Aoki-san mentioned before. It is important that the national
government creates such a system in a short time or accelerate creating such a
system to facilitate university researcher to do so. Otherwise, all sites will be lost
because the quality of the research wouldn’t go up, but they still have to continue
with the research with less manpower. University researchers don't easily speak
out because they fear that they may not be believed, but I hope that the people
here today will understand that this is the situation the universities are facing. It's
the ordinary people, the general public that feel that impact because if they cannot
get the accurate information in case of the volcano eruption, then they will be
impacted.

In order to avoid that, it's really important to have an accurate and solid system.
I hope that general public will understand that need and create a public opinion
and demand that to the national government. I think that is how it should be.
The researchers in the universities are really working hard because they want to
know something new. Basically, that motivation comes from the curiosity. It is
the curiosity that drives their research, but to save the lives of people, they are
also working very hard. Although, they might be not good at it, they're trying to
do the communication as well. But we cannot just ask everything and depend
everything on the university researchers. Right now, the Japanese volcanoes are
quiet these days, but we don’t know until when this will last because 300 years
had past in case of Mount Fuji since the last eruption.

If we know that the next eruption will come 10 years from now, where we can
make preparations toward that but that is not the case. We have to do the
monitoring. We have to do the observation. We also have to scale up our
communication skills. And there was case of Indonesia as Dr. Suryanto said that
for the next generation, it's important to provide accurate education for the next
generation so that they will not be victimized by the volcano eruption. It's
important to give them accurate information. That's also what we have to think
about too. Just to demand that to the university researchers who are on the
panelists today, I hope that the general public want to understand the situation of
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the volcano disaster prevention and try to make a contribution to create a better
system that serves for the disaster prevention.

I think I talked too much. What about the timekeeping? We still have 1 or 2 more
minutes. Anything to add amongst the panelists? Are there any panelists who
would like to add something more? No? Then any comments from the floor? Yes?

Male Questioner

I'm Sumita from AIST. During the process of talk, I felt something different. It
seems that researchers are only in the universities and also the other organizations,
but today this symposium was organized by the MFRI. It seems that the role of
such a local research institution is completely missed here. You talk about the
home doctor, but why doesn’t this local organization can play that role?

Toshitsugu Fujii

Thank you very much for your comment. Actually, I said so intentionally the
contrast between universities and JMA. I was trying to exaggerate the contrast to
show clearly the present situation of the Japanese system for the mitigation of
volcanic disaster.

Certainly, in Japan there are many national research institutes working for volcano
study. AIST is the one and mainly using the geochemical approach. Geochemical
approach is almost concentrated on the AIST, and rare in unversities. These
national research institutes including AIST are playing different roles and belong
to different ministries AIST is under the METI. Other research organizations are
under MEXT or Ministry of Land, Infrastructute, Transportation and Tourism. That
means Japanese system for mitigation of volcanic disaster depends on the
cooperation of many different ministries. I believe such cooperation may not work
so well, especially in case of volcano crisis. Such national organizations or
institutions should be integrated into single organ. I believe that future that Dr.
Aoki mentioned as the best image is something like that. So, we need to have an
integrated organization. Right now, we don't have that yet. We are trying to
facilitate the distribution of the data amongst the research institutes of different
ministries and agencies. There was a talk about creating some partnership of the
organizations. We're just moving toward that step. I'm sorry. I have been saying
a lot of things with my own bias.

I believe that Japan should have a single national research institute for mitigation
of volcano disaster just like INGV in Italy, USGS in USA or just like CVGHM in
Indonesia. Also we should have ministry or agency which defend the public people
from disaster. In case of Indonesia, I forgot the name, but there is an
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administrative organization that make the risk communication to the people. I
think that’s what we need in Japan.

We are running out of time. I am sorry I have been really fragmented but thank
you very much for listening to my thoughts and session. We would like to end this
panel discussion.

Modetator
Dr. Fujii and panelists, thank you very much. With this, we end the second part,
panel discussion. Now panelists please get off the stage.

Thank you very much for coming to this symposium. It has been a long day and

in conclusion Hajime Kamikozawa, Deputy Director of MFRI will make a closing
remark, please.
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Hajime Kamikozawa

Thank you very much for attending this symposium. It's been a long day. I
understand. Now, this symposium was about the volcanic monitoring and
observations for the prediction of the volcanic activity at many cases. 1 believe
that you have been able to understand the difficulty of the observation and
monitoring. I hope that you understand the importance of the monitoring the
volcanos. Thank you very much also for the panel discussion has been a very
meaningful occasion. I'd like to thank as an organizer the panelists. Thank you
very much for coming to the symposium despite your very busy schedule. Also,
Dr. Neal of USGS, she certainly was not able to come and I like to apologize that
as an organizer. To disseminate the results of research, we are making and
organizing many seminars and lectures. We hope to increase such occasions and
I hope for your participation. Last but not least, I'd like to thank once again the
panelists and presenters. I hope that we all will be able to utilize what we learn
today. With this, I'd like to end my closing remark. Thank you very much indeed.

Moderator

Mr. Kamikozawa. Thank you very much. With this, we end this MFRI International
Symposium 2018, Monitoring and Observations for the Prediction of the Volcanic
Activity.
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The eruptive history of Fuji Volcano, Japan

Akira Takada
Researcher, Geological survey of Japan, AIST

Fuji Volcano is the largest polygenetic basaltic volcano in Japan. The magmatic activity is caused
by westward subduction of the Pacific Plate beneath the Eurasian Plate and the Philippine Sea Plate.
The volcano has grown overlying the Pre-Komitake, and Komitake Volcanoes, associated with several
edifice collapses for 100 ky. The volcano developed volcanic fans widely. After the Tanukiko Debris
Avalanche collapsing westward around 20 ky, the volcano started explosive eruptions, and erupted long
lava flows toward its foot. After a dormant period during 5600-3500 years ago, the explosive eruptions
caused the volcano edifice higher, and lava flows expanded its flank. During 3500-2300 years ago, a lot
of explosive eruptions occurred at the summit. The eastern flank collapsed to form Gotenba Debris
Avalanche Deposit 2900 years ago. The 300 cal BC eruption (Kengamine Eruption) was the final
explosive eruption at the summit. A lot of flank eruptions followed this summit eruption. On the other
hand, fume role activity continued at the summit. Jogan eruption started at AD 864 on the NW flank to
effuse Aokigahara lava flow. The volcanic activity has decreased after 13th century. The Hoei eruption,

violent explosive eruption, occurred on the SE flank 49 days after 1707 Hoei-Tokai Earthquake.

Takada, A., Yamamoto, T., Ishizuka, Y., and Nakano, S. (2016) Geological Map of Fuji Volcano (2" ed.).
https://gbank.gsj.jp/volcano/Act_Vol/fujisan/index-e.html
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Internal structure of Mt. Fuji

Yosuke Aoki
Assistant Professor, Earthquake Research Institute, The University of Tokyo

Mt. Fuji, located near a triple junction among the Philippine Sea, Okhotsk, and Amurian plates,
is a relatively young volcano which has been active in last 100,000 years. In spite of its age, Mt. Fuji
possesses a volume of 400-500 cubic kilometers, much larger than other Japanese volcanoes. The
eruption rate of Mt. Fuji is thus more than one order higher than other Japanese volcanoes. Also, Mt.
Fuji is dominated by basaltic rocks, more mafic other Japanese volcanoes. What makes Mt. Fuji so distinct

from other volcanoes?

To address this question, the internal structure of Mt. Fuji has been investigated by various
methods including seismic and electromagnetic measurements. These studies show that Mt. Fuji
possesses its crustal magma reservoir at depths of 15-25 km, deeper than that of other Japanese volcanoes.
This difference in depth has something to do with the collision of the Philippine Sea plate to the Honshu
island. However, how this is related to the singularity of Mt. Fuji is not clear, and addressing this question

requires further studies.
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Deformation signals prior to phreatic eruption in Meakan-dake volcano

Hiroaki Takahashi

Professor, Institute of Seismology and Volcanology, Faculty of Science, Hokkaido University

Several phreatic explosions occurred at active Meakan-dake volcano in eastern Hokkaido. Strong
volcanic earthquake swarms have frequently observed in this volcano. Physical meaning of earthquake
swarm and its relation to phreatic explosion have been unclear. Crustal deformation measurement using
groundwater level sensors have carried out. Groundwater in suspended hot-spring boreholes respond to
tide strain well. Deflation signal prior to earthquake swarm was detected. No signal in GNSS was
confirmed. High-sensitive crustal deformation observation is required to listen tiny volcanic signal. This
deflation suggested volcanic fluid migrate from deep to shallow, and might cause earthquake swarm
around sea level. Shallowest volcanic tremors beneath active crater was synchronized with inflation signal.
It indicated rapid phase change from liquid to vapor toward explosion. In 1998 case, no explosion was
observed but thermometer on active crater recorded rapid temperature increase just after the tremor.
Microtremor amplitude distribution suggested persistent hydrothermal chamber beneath active crater at
least since 1957. Injection of volcanic fluid from deep part to shallower above hydrothermal chamber
might be essence of earthquake swarm. Early explosion potential evaluation may be available using total
volume of injected fluid from deep. We suggest more than 107m?® volume injection have potential to next
stage. Short explosion warning and live eruption magnitude estimation also might be in vision using real-
time shallowest tremor location tracking using dense seismic network. Our experience suggested that
tremor with inflation volume of 105m?® did not generate explosion. This might be lower limit of non-

explosive regime.
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Preparatory process toward an eruption after a long-term rest of Zao Volcano,

Northeastern Japan

Satoshi Miura
Professor, Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of

Science, Tohoku University

Volcanic earthquakes and tremors have been occurring beneath Zao volcano located in the
northern Honshu, Japan since 2013, following the increase in the number of deep low frequency
earthquakes from around 2012. Tohoku University has deployed some new seismological, geodetic, and
geomagnetic stations to enhance rather poor observation network prior to the activity. On account of a
burst of volcanic earthquakes initiated in April 2015, the Japan Meteorological Agency announced a
warning of eruption, however, the number of events gradually decreased for the next two months and the
warning was canceled in June 2015. In the same time period, minor expansive deformation was observed
by GNSS. Small-scale volcanic earthquakes and tremors are occasionally occurring, and long-period
earthquakes have taken place sometimes accompanied by static tilt changes. In this talk, I report the
outcome obtained from the five-year observational research to monitor the preparatory process going

under the volcano for evaluation of the eruption potential.
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From geophysical data to public information, status, problems, and challenges of

mitigating volcanic disasters in Indonesia.

Wiwit Suryant

Professor, Universitas Gadjah Mada, Indonesia

Delivering sensitive scientific information, for example on volcanic activity, that can be
understood correctly by the community is one of the natural hazard mitigation challenge in Indonesia.
This is due to the element of uncertainty in the scientific data, which for common people's language may
become unclear information. Furthermore, in many cases, the community is trying to translate the

scientific information into misleading news based on their minimal knowledge.

Since the great eruption of Merapi volcano in Yogyakarta October 26, 2010, the Merapi Section
of the Agency for Research Center and Technology Development for Geological Hazard (BPPTKG)
Yogyakarta has attempted to open the scientific information in accordance with volcanic activity, such as
seismicity, deformation, rainfall, crater visual conditions and temperature. Of course, in addition to its
positive impact regarding the opening of information to the public, new problems arise, namely the
development of news that may lead to pseudoscience information. This has an impact on people's

perceptions which sometimes cause public worried.

On May 11, 2018, suddenly Merapi volcano erupted by ejecting volcanic material in the form of
gas and water vapour to as high as 5 km, without any significant increase of seismic signal activity nor
deformation. This certainly causes a panic for the people lives on the slopes of Mount Merapi, mainly
because no warning from the local government and the authority. This creates a lot of speculations in the

community about the condition of Merapi and influences their level of trust to the relevant institutions.

One of the efforts carried out by the Indonesian Volcanology Agency is providing official
information that is easily understood by the public through a social media account. It gives simple
explanations and always gives motivation to the community so that they do not get panic but stay alert

for any possibilities of the Merapi volcano activity.
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Absolute gravity on the top of Mt. Fuji - its scientific and technical implications to the

studies on earthquakes and active volcanoes.

Shuhei Okubo
Professor, Earthquake Research Institute, The University of Tokyo

It was Mendenhall who first gave the gravity value on the top of Mt. Fuji (Mendenhall 1881).
Since that time, several relative gravity measurements have been carried out (Yokoyama and Tajima
1960; Satomura et al., 1991), but there still remains a 2 mgal disagreement among the measured values.
We carried out "absolute" gravity measurement on the top of Mt. Fuji in August 2003 to resolve the
discrepancy. The most difficult part of this campaign was without doubt the safe transport of the delicate

gravimeter FG5 composed of laser, atomic clock and so on that weighs ca. 500 kg.

In this paper, we shall describe tips to overcome technical problems for absolute gravity
measurements at an unusual site as the summit of Mt. Fuji: severe vibration exceeding 1G during
transportation and low barometric pressure (2/3 of that on the sea level) etc. Our gravity measurement
will serve for studying long term volcanism of Mt. Fuji and tectonics of the Philippine Sea/Eurasian Plate

boundary through monitoring the time change of gravity.
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Complex volcanic crisis at Kilauea, Hawaii 2018: emergency and scientific response

Christina Neal
on behalf of the staff of the US Geological Survey/Hawaiian Volcano Observatory and many USGS and

collaborating responding scientists

Following weeks of pressurization of the magmatic system from Kilauea Volcano’s summit to the
middle East Rift Zone, a collapse of the long-erupting, remote Pu‘u ‘O‘6 cone on 30 April began an
intrusion of magma into the populated lower East Rift Zone. On 1 May, the 10-year old Kilauea summit
lava lake began to drain and the summit began to deflate. On 2 May, ground cracking commenced in the

lower East Rift Zone and on 3 May, lava broke the surface within the Leilani Estates subdivision.

Over the next 3 months, until early August, more than 800 million cubic meters of lava erupted
from the lower East Rift Zone. Repetitive collapse of the deflating summit region shook the surrounding
area with thousands of earthquakes, some of them damaging, while the summit caldera floor subsided
more than 400 meters. Sulfur dioxide emission plagued residential areas downwind of eruption.
Explosions from the evacuated conduit at the volcano’s summit produced ballistics approaching 60 cm in
diameter, ash clouds reaching as high as 9 km ASL, and ashfall downwind. Activity prompted closure of
Hawai‘i Volcanoes National Park on May 11 and evacuation of the US Geological Survey’s Hawaiian
Volcano Observatory (HVO).

Throughout the event, HVO worked directly with Hawai‘i County Civil Defense and other county,
state, and federal authorities to share information, assess changing hazard conditions, and prepare
communities for impacts and recovery. Multiple messages describing activity and the hazards and likely
outcomes were shared by email, web page, and other means. Social media became a primary means of
distributing information, along with public meetings and media interviews. Proposals by independent
researchers who sought to work on the eruption during the crisis were evaluated for the applicability of
the results to managing hazards and the need for timeliness. Many aspects of the eruption response were
challenged by rapidly changing conditions, 24/7 activity, and uncertain outcomes. Consistency of

communication across agencies was key.

161



(LIBLIR B (LIRS RT 22 T 28 BR e
C-01-2019

(AR B U RF AT AT E RS S AR Y T A 2018
—kihE=2 Y 7B & KSR PRI — s E

2019 £ 3 A %47

ek - JEAT
I IR LA ZE A

T403-0005 (LA E L3 M L& HFRILE 5597-1
TEL : 0555-72-6211
FAX : 0555-72-6204
http://www.mfri.pref.yamanashi.jp/







REMFIRRE

& COMBIEIZE. LR OFHEEHLHRERS TVETOT,
FHEBRE - KHELZOLEIRTTONET,



	国際シンポジウム表紙1.pdf
	白
	2019 国際シンポ　本文 2019.03.15
	空白ページ
	空白ページ

	白
	国際シンポジウム表紙_4

