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Opening Remarks

Moderator (Yasuhiro Ishimine)

Now, ladies and gentlemen, it’s time to begin the international symposium 2019,
Volcanic Eruptions and Risk Communication. My name is Ishimine from Mount Fuji
Research Institute. I will be serving as a moderator today. Thank you very much
for coming in this cold weather and on Saturday morning. We are delighted to
have all of you here today and I would first like to give the floor to Mr. Masahito
Genma, the Head of Resident Affairs Department of Yamanashi prefecture to say
a few words.

Masahito Genma

Good morning ladies and gentlemen. I am Masahito Genma, the head of Resident
Affairs Department of Yamanashi prefecture. It's very cold today, but it’s beautiful
weather. You can see Mount Fuji clearly. I think this is an iconic scene, the
landscape of Yamanashi prefecture in early winter and thank you very much for
coming to international symposium 2019 organized by Mount Fuji Research
Institute today. And I would also like to take this opportunity to thank you for
your cooperation in understanding on volcanic disaster management practice in
our prefecture.

This international symposium started in 2005 and since then, researchers from
Japan and abroad have been invited as guest speakers to talk about various things
such as preservation and utilization of Mount Fuji. As you know, Mount Fuji has
not erupted for over 300 years, but considering that magma has accumulated, we
all need to understand that the mountain may erupt anytime. Against this
backdrop, this symposium’s theme is a volcanic eruptions and risk communication.

In order to reduce and mitigate the disaster of volcano, the researchers and
administration and the people in the community need to share information and
exchange opinions on a day-to-day basis. About 1.4 million people live around
Mount Fuji and about 200,000 people come and climb Mount Fuji every year and
30 million people come to this area as tourists. It is probably one of few active
volcanoes that attract so many people. For this reason, we, MFRI, works with
other institutions to mitigate volcanic disaster by observing the signs of Mount Fuji
eruptions and by analyzing the strata of Mount Fuji and identifying the scope of
potential eruptions and based on the data, we are working with the central
government to create hazard maps and we are providing accurate information to
the residents in the community as well as to the mountain climbers.

In today’s symposium, we first hear from researchers and government officials in
and out of Japan on specific responses and measures that they took as a part of



Opening Remarks

risk communication and lessons learnt. Then, the presenters will appear as
panelists to talk about effective risk communication. In this venue, we are joined
by community disaster management leaders, residents and other stakeholders
from the municipalities. I hope this symposium will give us valuable insights into
how to better communicate with each other. In closing, I know that you are here
despite your busy schedule, and I'd like to take this opportunity, once again to
thank all the presenters and guest speakers. And I pray for a productive
symposium today and further success in communication among ourselves. Thank
you very much for your attention.

Moderator

Mr. Genma, thank you very much. Next, we would like to explain about the
symposium. We have Mr. Mitsuhiro Yoshimoto, Senior Chief Researcher of Division
of Volcanic Disaster Mitigation Research of Mount Fuji Research Institute will
explain.
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Briefing

Mitsuhiro Yoshimoto

Once again, good morning, ladies and gentlemen. I am Mitsuhiro Yoshimoto,
Senior Chief Researcher of Division of Volcanic Disaster Mitigation Research from
Mount Fuji Research Institute. Just a minute ago, Mr. Genma talked about the
outline of the symposium. Still, I will explain the purpose of the symposium again.

We have held an international symposium every year since 2005. Also, we have
conducted an international workshop once every two years with the National
Research Institute for Earth Science and Disaster Resilience. On November 28,
the day before yesterday, we held an international workshop in Tokyo. We
discussed the theme of “Crisis Management of Volcanic Eruption” It became a
topic that risk communication was important after crisis management in this
workshop.

However, in volcanic areas such as Mt. Fuji, which have no experience of
responding to eruptions, there is less knowledge of what issues to consider in risk
communication So, today I would like to discuss risk communication for volcanic
eruptions with all of you based on various overseas response cases and domestic
cases. Today we have invited Dr. James Kauahikaua from Hawaii, Dr. Marta Lucia
Calvache from Columbia, and Dr. Supriyati Andreastuti from Indonesia from
overseas. And also, within Japan, we have Mr. Minamisawa from Nagano
Prefectural Kiso Construction Office, Mr. Atari from Crisis Management Division,
Kagoshima city, and even Mr. Kikushima from the Department of Disaster
Prevention, Hakone town. They will talk about the case of each volcano in which
they live. Then, in the second part of the panel discussion, the theme will be how
to implement effective risk communication, and Prof. Fujii, the director of our
institute, will be the coordinator. The panelists will be the speakers at the first part.
And we also have Mr. Ito from the Japan Meteorological Agency to deepen our
discussions. We would like to have you talk and discuss this. In case of a large
eruption, the residents, the scientists, and the administrative staff in charge of
disaster prevention must work together. So, we would like to discuss with you the
risk communications at the volcanic eruptions based on examples from both Japan
and overseas. It will be a long day today, but I hope that we have a very fruitful
discussion. I have explained the purpose of this symposium. Thank you very much.

Moderator

Then, we’d like to move on to the first presentations. The presentation entitled
‘Lessons Learnt from Disaster Management in Karangetang Volcano North Sulawesi,
Indonesia.” Dr. Supriyati Andreastuti will make a presentation. She is from the
Center for Volcanology and Geology Hazard Mitigation of Indonesia. Please wait a



Briefing

while until we prepare and, I believe, you have the receivers for simultaneous
interpretation. We have simultaneous interpretation today. The presentation will
be made in English, but you will be able to hear the Japanese translation. Channel
1 is Japanese. So, please utilize the receiver if you would like to listen in Japanese.
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Lesson Learnt from Disaster Management in Karangetang Volcano, North Sulawesi, Indonesia

Supriyati Andreastuti

Good morning, everybody. First of all, I would like to thank to the organizing
committee that invited me to come here and share our experience with you all.
Today, I would like to take a topic on Karangetang Volcano. Karangetang volcano
is one of volcano islands in Indonesia. This is quite remote and it has specific
characteristic of eruption and also the condition of the environment. In Indonesia,
we have about 127 volcanos that are spread in Sumatra and in Java, Bali, etcetera
to the east and from 127, we classified into three types. These are type A, type B
and type C.

So, type A are volcanoes that has eruptions since 1600 A.D. and type B, those are
volcanoes haven't erupted since 1600 A.D. and type C are volcanoes that show
indication of Fumarole and Solfatara. The reason why we classified these
volcanoes, because we need to have priority in monitoring because so many
volcanoes are there in Indonesia. Here, we can see, this is the location of
Karangetang volcano and this is our capital city, Jakarta and the distance is about
2200 kilometers, so this is very far to monitor. And according to the data of
National Disaster Management Agency in Indonesia, since 2000-2019, we have
about 144 eruptions, it means that 7 eruptions on average per year and from this
number of volcanoes, we experience several large eruptions. We can see here
Tambora in Sumbawa with VEI 7, and it caused about more than 10,000 casualties.
It occurred in 1815 and then also the Krakatoa eruption occurred in 1883 with VEI
6. And it took about 36,000 casualties and then also another one Galunggung and
Agung, smaller eruption, but still this big scale of eruption and here the location of
Tambora and then this one Galunggung and this is Tambora, so the size of the
circle, this represents the size of VEI.

In Indonesia, we have agency that manage the disaster mitigation for the whole
country, and this agency is National Disaster Management Agency or BNPB and
under this agency, we have BPBD, that’s a provincial level and municipality level,
how the role of this agency, it depends on the scale of the disaster. If the disaster,
the impact is only around a city and residency, then the regional disaster
management agency will manage the disaster. But if the local disaster
management agency could not afford the capacity of the staff, also the funding,
then it will be supported by provincial disaster management agency. For example,
in Merapi, because the impact of the eruption nationally, so we declared that the
scale is national disaster. And in managing the crisis, we have standard of
operating procedure for issuing alert level of information.
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The monitoring data from volcano observatory we analyze and also combine
with geological data, hazard information and the development of activity during
that time, then we provide alert level and recommendation to National Disaster
Management Agency and also local government. And then from this
recommendation, the National Disaster Management Agency and also the local
government provide risk assessment and also risk map because the area and
also the people belonged to the local government. And also when we issued the
alert level, the one that has the mandate to evacuate people is the local
government. And then they forward the information to the center for data and
information and then also to the regional Disaster Management Agency. The
information is also given to related stakeholder in case if the activity progress,
then they are ready to anticipate.

Come back to Karangetang volcano, here’s Karangetang volcano with the pics, this
is the north crater and this is the south crater, so this is the island, this is Sulawesi
and during the activity from 2018-2019, there is a change in the source of the
eruption. From November 2018 to 2019, the eruption source from the north crater,
but then after several months, the eruption come from this crater in the south, so
up to now, the eruption can be from both. Sometimes it come from this crater,
sometime from this crater, but most often also from both craters.

Here, we can see that the volcano because of volcano island, it’s surrounded by
sea and this condition will affect the mitigation strategy. So, this is the
characteristics of Karangetang volcano. The repose time of Karangetang volcano
is very short, can be few months, but this volcano continuously erupted and
occasionally when there is eruption from here, lava flow occurred and then stop in
certain point and then after it's high enough, it can be collapsed and cause
pyroclastic flow, so pyroclastic flow can occur from the summit and also from the
flank.

Our problem is that the pile of lava flow is not only in certain point, but several
points and in several directions, so it can happen in many directions and many
points. To give alert level, we implemented four steps of alert level. The first is
normal and then advisory and warning and for this level, people need to move to
a safety place. and here I would like to share that from the definition of alert level,
sometimes the difference is very small. So, it’s difficult for people and even for
official government to understand what is the level 2, what is the level 3, and what
is the level 4 without any example of the action. That’s why we link this alert level
to hazard map and hazard map we divided into zonation and each zonation, it can
reflect the level of activity and also what people should do during certain level and
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here I took an example of Merapi. This is from normal to the highest level and
they explain what they should do during normal time and then during level 2, level
3 and level 4 according to the zonation and according where people live.

We come back to Karangetang volcano. This is the hazard map of Karangetang
volcano. We divided into three zonation. This is the high hazard zone and shown
in red color and then this is the second hazard zone represented by light red color,
and it’s not clear, but this is the zone 1 that is represented by lahar flow. Here, I
would like to show this is the point of source of eruption, and this is the river
channel around Karangetang volcano. Why I showed this, because from November
to now, the eruption changed from the north and then to west and then to
southwest, but at the moment still not to the east and to the northeast. And here
I would like to share what is the problem in crisis management in Karangetang.
There are four points that I would like to highlight. The first is hazard
communication and understanding because the level of knowledge in Karangetang
still need to be improved, so later on, I would like to show the example of hazard
understanding interpretation because when people don’t understand the hazard,
they will make different interpretation and in here, because the population is quite
high in Karangetang. We also helped by stakeholder such as army and also police
that help us to give explanation to communicate with public and during crisis they
come to our observatory almost every day in the morning and in the evening if
there is a change in the activity. This is the example of activity directed to the
north, so it reached the sea on February 2019 here. I would like to show later on
that this flow cut the main road that facilitates the community for transportation
around the island, but because the road is only one, so it becomes also a problem.

On the other hand, because Karangetang is a volcano island, the climate, the
weather, it will affect the mitigation strategy, so during February, we have strong
wind direction around this area. So, we have problem to facilitate refugee from
Karangetang and in here, like I mentioned before, that the Karangetang has two
peaks. So, this is the northern part, this is the southern part and this belongs to
the southern flame and here the pile of the lava become thicker and thicker.

Here, the picture shows the exclusion zone of Karangetang volcano. It developed
from November until February and then up to now. In general, we have 2.5 radius
of exclusion, but then because of the activity of the lava avalanche that is
prominent to the west, then we extend the the distance to the west about 3
kilometers and to the north about 4 kilometers. On the right, it shows the direction
of the flow. This is the river channel and each day we monitor the development
of deposit by drone, so we know the development of the distant of lava avalanche.
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Here the summary of chronology of Karangetang eruption, so the volcano, the
activity, was in level 2 since 2016 and then it progressed on December 2018 shown
by high intensity of seismicity and then followed by lava flow and glowing
avalanche in February. And finally, on 5% February, the lava flow reached the sea
and isolated the Batubulan village I will show you later. This is the development
of the avalanche around volcano.

This is the zoom of the exclusion zone. Here, we can see this is the direction of
the lava flow that destroyed the road here and because of that, it isolated the
Batubulan village. , As I said before, the weather is very bad, the wind is very
strong and the wave in the sea is very high. So, from this place people stay there,
but we have problem to supply the logistic facilities for people that stay in this
area. And at that time, there was a lady that was ready to give birth in this isolated
area and the problem is that the lady don’t want to leave because she feels
comfortable in that place, but we have no facility of health office in this area, so
finally after we tried several times, the ship could reach this area and the lady is
willingly to be evacuated and besides this area, we also have a shelter in
Niambangen here, so in here and in here, but in here, because we have roads, so
no problem to supply the logistics.

Recently, because of this activity, we also evacuated people in this area, here to
the west. This is the lava flow that destroyed the road, so actually 3 days before
the eruption, the road just finished and the road already to be used, but because
of the activity, so we couldn’t use the road. And this is the dimension of the lava
flow that reached the sea. It's about 160 meters width. So, what happen when
people see the hazard without proper knowledge? Once on 20" of August, the
weather was cloudy, so we couldn’t see the summit of Karangetang from any
direction and once we saw from the observatory also, we saw big reflection of
flame, people got panicked and many people and also local official government
asked about this one and the communication is very crowded. And finally, we sent
staff and observer around the volcano to see what happened at that time, so this
is actually happened. We can see that this is not too big eruption because in the
past when there is a big reflection, there is a big pyroclastic flow, so we can also
understand the feeling of the people. This is from the other side and this is from
the flame also.

So, to us with many volcanos, the big problem is to communicate the risk to the
people, what are the problems, when we should communicate, where we can
communicate to public, who are the target, so this is very important. During my
quick response team, we need to communicate all the time even in the field, so
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here when we survey and monitor the development of the deposit, this is my
colleague, he operated the drone. And this is the time for me to communicate to
the people and because this is informal communication, this is very good. And
then also people, stakeholder came to our observatory and asked many questions
and this is seismograph, we explained many things. And also this is an example
from Agung. We used storyteller to explain to the children about the hazard and
also to learn the hazard of the volcano by drawing.

In here, we have continuous and regular communication with stakeholder, so this
is communication with regional disaster management agency and this is our
minister. We have coordination with stakeholder, also in observatory and in here,
when we check the highest point of the inhabitant, we also talk to the local people.
In here, students came to our observatory and we explained what is going on in
the volcano. And during crisis, the communication, we do not do only with
stakeholders, but also with people in the evacuation place. So, this is at night and
sometime one night we need to move to many places to talk to the people and to
listen what they worry about and what is the situation and what need to be
understand. And also in Agung, we learned that Agung volcano in Bali because
the culture is very strong, sometimes we need the support of religious leader, so
we talked to the religious leader and they will support us in communication with
public.

For government official and also some of community member, we train and give
simulation about the hazard, so here, we prepare hazard map and bring in wide
big size hazard map, so that people can see where they live, and what is the
hazard near their place, and how to avoid the hazard. And then also we ask people
to see what is going on near the volcano, so they can understand how the deposit
formed and how the deposit went down to the channel. In here, example of
Karangetang volcano, during normal time, we try to simulate how to evacuate,
because the angle of the topography is very steep, so they understand that even
in normal times, it's not easy to go down but how about if during crisis in panic
and limited time, so by that time, they can understand what is the risk if they are
not ready to anticipate the crisis. And here we also prepare contingency plan for
people around the volcano and during the process, we need to identify the hazard,
we learn to understand the risk and to know what to do, how to do and what people
should do and the output will be risk map and also what is the role of each group.

So, here, I would like to show the challenge of disaster mitigation in Indonesia

because the population density is very high, so it also affects the life necessity for
people living surrounding the volcano and of course, it will decrease the community
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awareness. And from this point what we should do is how to monitor, and to
assess , how to improve knowledge and awareness and the important things how
to communicate the risk. Finally, we still need to learn how to manage the disaster,
thank you.

Moderator

Thank you very much. Now, we have a little time to entertain questions from the
audience, but we do have the panel discussion in the afternoon as well, so if you
want to clarify anything from the presentation, you can ask questions now. Any
questions from the floor? No? If not, then in the afternoon panel discussion, we
will ask you to speak once again. Thank you very much.Next, we have Mr. Osamu
Minamisawa , Deputy Director of Kiso Construction Office of Nagano prefecture
titled ‘Mount Ontake Eruption Disaster’, the stage is yours. I am sure many of you
are Japanese and Mr. Minamisawa is going to speak in Japanese and the slides are
in Japanese, but also we have English translation in the smaller screen.
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Response to Volcanic Disaster during the 2014 Ontake Eruption

Osamu Minamisawa

Thank you very much. I am Deputy Director of Kiso Construction Office of Nagano
prefecture. My name is Osamu Minamisawa. Now, why is a person from
construction office here today, you may wonder. When Mount Ontake erupted, I
was in the crisis management department of the prefectural office and I was
directly in charge of this event. I was an assistant director, so that is why I am
invited here to speak today. Now, I would like to talk our measures at that time.

First of all, I would like to show some videos when the Mount Ontake erupted and
there were some pyroclastic flow, so I would like to first show you these.

This is the video when at the time of eruption, this is 3 hours after. It was taken
from the helicopter of the prefectural disaster prevention. The video says that
they are right now shooting the summit of the Mount Ontake and that they can
see the plumes from two places.

The man says that they can see the plumes from two places. At this time,
pyroclastic flow also came out and this is from Tajimi office and this was uploaded
by the ministry of land infrastructure and tourism and I've just borrowed it. As
you can see, you can see pyroclastic flows from these two places and this is the
real time. It erupted on 11:52, so within just a minute, the pyroclastic flow came
down and it just happened to be not any hiking route, so no hikers were involved
in here and there were no private houses, but they were pyroclastic flow. And at
that time according to the verification, it was rather low temperature, about 100
degrees, but still the intensity of the flow was very high.

It was very lucky that there were no hiking stroll here, so no hikers were involved
here. There was no damage by the pyroclastic flow, but still there were a lot of
pyroclastic flow running down and if you look at this, it lasts about 15 minutes, so
I am just going to skip some. The flow expanded in the wide area. That’s how all
it happened. There was pyroclastic flow when the Mount Ontake erupted.

The location of Mount Ontake; Mount Ontake, as you can see, it lies on the border
of Gifu prefecture and Nagano prefecture and it was four local municipalities, Kiso
and Otaki in Nagano prefecture and Takayama and Gero city in Gifu prefecture. It
is the second highest volcano following Mount Fuji in Japan. The height is 3067
meters and if you have been there, I think you understand that it is at the southern
side of the Norikura volcanic chain, but it stands alone. And Ontake, the volcanic
activities before the 2014 phreatic explosions, there had been three incidents,
2007, 1991 and 1979.
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Now, in case of 1979, the phreatic explosion, this was the very first in historical
records and it was since then, Mount Ontake has been undergoing phreatic
explosion, and the eruption in 2014 was the fourth one. Now, about the damage
by this eruption, it erupted at 11:52 on September 27%" of 2014 and 58 people
have died and still 5 people are unaccounted for and for the injured people, 29
people suffering from heavy injury and 40 light injury.

Before the eruption, there was 52 volcanic tremors or volcanic seismicity on
September 10, and 85 times on September 11 and so it increased, the JMA said.
We were expecting that the alert level will go up, but the JMA decided that they
would not raise the alert level. As you can see the number of volcanic seismicities
decreased at one time, but on the 27th the day the eruption occurred about 10
minutes before the eruption, suddenly the volcanic seismicities increased and then
erupted at 11:52 and on this day there were 483 times of volcanic seismicities, so
ascending number.

This is the volcanic alert level of Mount Ontake when we created this map, it was
based on the 1979 eruption and so that was the basis. We have drawn the circles
with radii of 1 kilometer and 2 kilometers and so all the images were based on this.
This is the enlarged one that shows the JMA raised the alert level at 12:36 from
level 1 to level 3. As I said, Mount Ontake covers four local municipalities, so
where to put restrictions are decided by each local municipality when the eruption
takes place and when the alert level goes from 1 to 3, the parts indicated in red,
this is the widest area of the level 3. And we have decided that the traffic will be
closed here, so all the local municipalities put restrictions in these areas Actually
you will see later, but because of the low volcanic ashes, there were some traffic
accidents taking place.

We actually expanded the restrictions and this is the actual photo of the traffic
accident close by the volcanic ashes. The restricted areas were wider than what’s
indicated in this map. This is the Mount Ontake right before the eruption, this is
near the summit and this is taken from Otaki village. Just a month before the
eruption, the staff members of the prefecture including myself went up to see the
situation on the volcanic area and we took this. From Hacchodarumi to the summit,
this is where largest number of the victims were. This is the photo nearby, there
is @a summit. There were two mountain cottages, which were hit by the rocks and
now these were all demolished. Some shelters were going to be reconstructed.

Now, this is the report of the coordinated committee of volcanic eruption prediction.
This eruption in 2014 is said to be similar to the one in 1979. As I said, the
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pyroclastic flow went 3 kilometers down towards southwest and also the plume is
said to have blown up to the height of 7000 meters. As you can read, there were
so many vents and so the eruption took place from many vents. It happened to
be a very fine day when the eruption took place. So, first time after a long period
of bad weather, many climbers were there It took place at 11:52, so many hikers
were enjoying lunch near the summit. At the back of the summit, the vent opened

up.

In case of the usual disasters, we can trace the victims, but in case of the hikers,
we don’t know where they are from and how many of them are there, so it really
took time to identify them. Even Mount Ontake is really difficult to identify people,
so if it’s the case of other volcanos where you have more visitors, I think it's going
to be very difficult to identify the victims.

Because we had toxic gas coming out, like SO;, H>S when we asked for the dispatch
of polices, firefighters, and Self-Defense Forces members, they had to be equipped
with gas masks and all the equipment, so we are very much grateful to all the
three organizations that engaged in the rescue and aid operations, it was a very
difficult situation.

This is an excerpt of the video earlier. This is pyroclastic flow and this is as of
October 7, it has been 10 days after the beginning and you can see the plume
coming from many different vents. This is the activities of the prefecture and Otaki
village and Kiso town established the headquarters at 12:20 and 12:30. Nagano
prefecture also established the headquarters to respond to the disaster and
governor became the head of this headquarters and the fire department and police
department understood that this was a big disaster.

Based on the disaster response act, the headquarters were reorganized and we
realized that we needed the support from the national government. We asked for
dispatch of the self-defense forces at 2:31 p.m. and also asked for dispatch of the
emergency firefighters at 8:30 p.m. and the prefecture also adopted the disaster
and rescue act.

On September 27 at 4:40 p.m., the stakeholders meeting was held at the
government level and then the Mount Ontake eruption emergency response
headquarters was established in the national government with the minister of state
of disaster management, Ms.Yamatani being the head of the meeting. And at 10
p.m., the parliament secretary, Mr. Matsumoto became the head of the onsite
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emergency headquarters of Mount Ontake eruption response, so this was a big
help for us in responding to this disaster.

This is the joint meeting held between the national government and the prefectural
government. Mr. Matsumoto, the parliamentary secretary and the governor who
is still an incumbent governor today is in the picture. Many stakeholders came to
our prefecture, the JMA, Japan Meteorological Agency official explained what was
happening. It was very helpful for us in conducting riskier activities because we
have to go near the vents to rescue people, so volcanic conditions, the weather
conditions were very important in making decisions. The explanations by JMA
were very helpful for us immediately after the disaster occurs because it is very
difficult to grasp the overall picture of the disaster.

As I said, it's difficult to capture who is in the mountain including hikers and how
many hikers are there. We ask the hikers to submit the hiker’s registration but
many people don't still do that.

Thanks to the national government onsite major disaster management
headquarters, we were able to smoothly share information between the prefectural
and national government, it was very helpful. In case of the flood that occurred
in other part of Japan, the onsite major disaster management headquarters was
established and for us as well this national government organization helped us in
responding to this disaster. The police force, the firefighters and SDFs collaborated
with one another and made decisions on the actions and responses. It was very
helpful as well. All these members were in the same room together with the
government officials from the prefecture and the national government.

I will show you the pictures later, but onsite command post had all the stakeholders
from these forces as well as the national government and prefectural government.
This is Otaki village, village hall and on the second floor, we gathered together in
the same room and shared information. This information sharing and collaboration
is highly evaluated. As for the rescue activities, we had three phases. The first
phase, 3000 meters or above in higher places, I believe that this was the very first
rescue activity that took place in Japan in such high place and again, we had three
phases. In the first phase, we went on the mountain trail and went to mountain
cottages and in the second phase based on the witness information, we went to
some places, we narrowed down the places where the people might be found and
then in the third place, we swept the area again.
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After October 16: 57 people were killed and 6 people were unaccounted for, but in
the following year, we had the re-rescue activity and out of 6 missing people, one
person was found, so as I said at the beginning, 58 people were killed and 5 people
were unaccounted for. These are pictures from Ministry of Defense. As you can
see, the volcanic ashes are piling up and these SDF members who are transporting
the people and helping out the people and this is near the summit. As you can
see, this is very muddy, like a rice field and used the metal detectors and worked
on the rescue mission. You can see it's quite muddy and, in some places volcanic
ashes were piling up to the height of their hips, so it was very tough condition to
conduct the activities and near the craters they were working, so it was about 300
meters away from craters.

On October 15, Mount Ontake has 3000 meters height, so in October it starts
snowing, it becomes very solid and hard ground. That's the reason why we decided
to stop the rescue activities on October 15. They are firefighters and when they
could not fly helicopters, they needed to transport people manually and firefighters
again, they also used the metal detectors and, on the roof, you can see the volcanic
ashes are piling up. In some places, the pile is even deeper and thicker. You can
see plumes, it might be only about 200-300 meters away from the crater, that’s
the condition where they have to be in conducting rescue activities. The police
officers, they use these sticks to find those who are missing. The firefighters and
the police force as well as SDFs were conducting similar rescue activities and they
also used metal detectors in search of the missing people. And near the summit,
the police force and SDFs were working together, so these three forces were
working together. All these three forces knew that they had to find these people
as soon as possible, and we cannot thank them enough. The craters may have
erupted anytime, but they were conducting rescue activities right near the craters.

As I said, we were in the very thick volcanic ash pile and some places rendered it
difficult to walk. In some places, they were all in the volcanic ashes up to their
hips and on some days, it was even snowing. SDFs, firefighters and police officers,
they go through hard trainings on a day-to-day basis, but even they had a hard
time and they did not have mountain sickness, but some people fell sick during
the rescue activities.

Mount Ontake alert level is now level 1 and Kiso town and Otaki village are
currently developing the infrastructure and people related communication and
safety measures together with the Nagano prefecture and some mountain trails
where the safety measures are taken, the restrictions to entry are lifted gradually.
We are taking the safety measures one after another, so in the Otaki village as

35



Response to Volcanic Disaster during the 2014 Ontake Eruption

well, once the safety is ensured, we believe that hikers can come back and climb
Mount Ontake to the summit. I might have spoken very quickly, but this is the
end of my presentation, thank you very much for your attention.

Moderator

Thank you very much, Mr. Minamisawa. We have time for Q&A. Any questions
from the floor? No questions? Then, may I ask you one question. Mount Ontake
eruption, immediately after the eruption and also in the following year, you had
rescue activities. SDF, police and firefighters, the SDF think that the urgency and
emergency as well as the situation that requires SDF to come into picture is
required to ask for dispatch, but how did you ask them to come back in the
following year?

Osamu Minamisawa

The rescue activities were conducted by police and firefighters, but SDF were
giving logistic support, providing helicopters to transport people. As I said earlier,
at the beginning, six people were unaccounted for, and the volcanic alert level was
going down, but considering the situation of the people, the families that were left,
we wanted to once again conduct the rescue activity in the following year, and we
launched the request to the SDF and they accepted our request.

Moderator

Any other questions? We were supposed to have a break from 10:50 to 11:05,
but we are a little earlier than schedule, we would like to resume the session at 11
o’clock sharp, so let us have a 15-minute break, thank you.

(Coffee Break)

Moderator

Our next presenter is Dr. Marta Lucia Calvache. She is director of the Columbian
Geological Service titled ‘Our Territory Colombia, a Place to Learn How to Live with
Active Volcanoes'.
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Country Experiences: Nevado del Ruiz Volcano

Azufrado river i
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Country Experiences: Nevado del Ruiz Volcano

1985 eruption of Nevado del Ruiz volcano

« Several towns were affected: Armero, Chinchina, Mariquita, Honda
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Country Experiences: Nevado del Huila Volcano

The main hazard s lahars along the main rivers
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Country Experiences: Nevado del Huila Volcano

Indigenous community
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Country Experiences: Nevado del Huila Volcano
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Country Experiences: Nevado del Huila Volcano
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A 'Disaster Attention' System: ONAD National Office of Disaster
Assistance, now the National Disaster Risk Management System - SNGRD. "C‘ai\ Z\\/\\ F . ﬁ:\‘/l/ . /]//]' A IJ_] & . 17/]) ? [J_[
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volcanic threat and volcanic monitoring
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Communication among scientists, authorities and community
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Volcano Monitoring
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Volcano Monitoring
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Volcanic hazard evaluation
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Volcanic hazard evaluation Volcanic hazard evaluation

Eruptive Scenarios

Nevadodel Huila volcano
Belalcazar, Cauca

CONVENTIONS

. s
Distance: 48 km = 1.000°000.000m

Velocity: 82 km/h =1 600'000.000 m*
Arrival time: 35 min = 320'000.000m°

= 75'000.000m?
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Early warning system
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Visitas de campo en volcanes @\
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Observatorios abiertos en centros comerciales @
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Observatorios abiertos en centros comerciales @
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Interaction and communication with authorities and commun((\[é

National Biennial of Boys and Girlsand Youngsters Living in Volcanic Risk Areas
[2011, 2013, 2015, 2018]

II Segunda
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inco
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Interaction and communication with authorities and commun@

National Biennial of Boys and Girls and Youngsters Living in Volcanic Risk Areas
[Armero, November 18 to 23, 2019]
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Interaction and communication with authorities and commun@

Proposal for a UNESCO Geopark
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Marta Lucia Calvache

Thanks very much for this opportunity for this invitation, seen to be next to Fuji-
san, the symbol for Japan is an honor, especially when we are working with
volcanoes, and we have many things to learn and to share with you our experience.
I am from Columbia and I have been working with volcano since I was close to
finish my graduate study as a geologist. Today, we are going to talk to you about
our experience in Columbia. Columbia is located here, we have these three plates
joint together , so we have mountains, very giant mountains and in those
mountains we have earthquakes and we have volcanoes, so just like you, you are
also in the border of these big, big plates and these plates move very slowly and
you have mountains too. So, you have here Mount Fuji and we have many
volcanoes.

This is South America and South America is moving in this direction and this place
in the Pacific ocean is moving in this direction and in the Caribbean is moving here
and then all these blocks, they just are in between. These are growing and we
have volcanoes and we have nice landscapes, as you do. But then the nature
sometimes have earthquakes and sometimes have eruptions and we are living
here and then we have to learn how to behave and understand our territory in
order to live in our places. This is Columbia. We have several volcanoes in the
Columbia. We have three ranges of mountains and most of the volcanoes are in
central chain . We think, we have something like 32-33 active volcanoes, active
that has eruptions in the past 10,000 years, perhaps, but then we don’t have the
experience of eruptions. Our volcanoes didn’t erupt so much and some of them
not in the last 100 years, so we don’t remember what the volcanoes erupting may
do to the people.

So, this talk is to let you know what happen with volcanoes like Nevado del Ruiz
volcano, which is this and Nevado del Huila volcano, which is this. Nevado in
Spanish means ice cup, so Fuji-san is Nevado Fuji-san compared with our Nevado’s.
So, these two volcanoes have eruptions; these volcano in 1985, the volcano had
an eruption, it was not a big eruption, but produced lahars and 25,000 people were
killed. These volcanos have eruptions in 2008 and about 12 people died with the
same reason, lahars. I want to let you know our experience and perhaps, why the
big difference between one eruption and the other eruption, we share natural
phenomena, but here we have the biggest disaster in our history and here, of
course, we have lot of problems. It was very sad that 12 people died, but it's a
big difference, so it's a big difference of volcanic eruption doesn’t mean a volcanic
disaster. We are working in that direction. So, if we may have another volcanic
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eruption, we don’t want to be close to this result. We want to be close to this
result of much better where nobody died.

Nevado del Ruiz volcano, our written history covers more or less 500 years, so
Spaniards came to South America, and we have a lot of books of reports on what
they found in our land. So, we don’t have the history that you have that goes back
thousands of years, we just have 500 years, but anyway in these documents, we
know that Nevado del Ruiz had eruptions in 1595 and 1845. We are a tropical
country, so most of the places are very hot, so most of the people they didn’t know
ice, 200 or 500 years ago and they saw pieces of ice floating along one of our main
rivers during the eruptions of Nevado del Ruiz, so it was clear that the volcano
produced lahars, mud flows coming down from the volcano to very low lands.

Also, there were studies and then we know that in the past 13,000 years, we had
9 major periods of activity in the volcano. So, for most of us, something that
happens in the 19th century sounds a lot of time, but for a geological point of view
something that has this amount of eruptions in this period of time will look very
active and that is one of the main progress. For you, for me, for my business, if I
have a hotel here next to Fuji, 50 years is a lot of time and 100 years is long, long
time, so when we are talking as people who study volcanos, we are talking about
150 years the last eruption, sometimes, yes, that risk communication to the person
who has a business, it doesn’t look too fine because people wait to see what
happen tomorrow or in a week, but not in 100 years. We knew at that time that
the volcano has all these eruptions. Also, the volcano like 1 year of activity from
the very beginning until the eruption that killed these people there was 1 year. So,
after it happens, we will think it's plenty to do things, plenty of time to work
between different institutions, plenty of time to work with the people to
communicate, but it wasn't.

Also, at that time in Columbia, we didn’t have any monitoring responsibility or
equipment and we don’t have evaluation of hazard or risk. We knew we have
volcanoes. We knew we have active volcanoes. We knew that the volcanoes erupt,
but never we asked ourselves what will happen to me, to my town, to my family
if that volcano erupts and do I understand what a volcano will do and how it relates
to me. So, those were the things at that time we didn’t ask ourselves. And then
because of that, we as a community, we didn’t have that perception of volcanic
hazard or volcanic risk. Otherwise, the volcanoes were there, they were nice, they
were mountains, very good with lot of water, lot of vegetation, but it was all.
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This hazard map was because we knew about the history of the volcano, to prepare
a hazard map was not difficult and this hazard map was presented on October
1985. The eruption was in November 13, 1985. So, at the beginning, the
mountain goes like this. This is the highest place and this direction we have this
is a big city, from here to here is about 25 kilometers. There are other cities here.
These are smaller towns and from here to here is about 70 kilometers. This
volcano is very clear from this place, so the volcano is the symbol of this city, but
from here it's very difficult to see the volcano. And people didn’t feel that they
were related to that volcano, because it was too far, and it was not possible to see
it. The difference in elevation from here, this is 5300 meters high and this is
around 400 meters high, so the difference in elevation is almost 5 kilometers.

This mountain is very high and this place is very low, so there was no connection,
no perception, no understanding especially of these people or these people from
the volcano. So, at that time, these kinds of maps, it says here that the volcanic
map will cause devaluation of the line and here there are four reasons why the
volcano will not erupt. It was 1 month before, so at that time there was big
discussions if it was possible for the volcano to erupt, the kind of eruption that it
will have and many people gave the opinion and many institutions gave the opinion,
but it was not clear at all even what to do, what to prepare. People in general
have a lot of necessities and the situation was not clear at all. And then on 13th
of November, we have one small eruption at 3 p.m. and a bigger eruption at 9
p.m., and it was continuous until 9:30 that was also a big eruption.

Pyroclastic flow generated lahars and then it took 1-hour from the volcano to this
town and it took 2 hours from the volcano to this town or to this town to this town,
so most of the flows were in this direction. And this direction and another flow
went in this direction and another one went in this direction.

When we are talking about communicating things and communicating hazards,
also will be from the volcanic point of view, you expect a phenomenon to happen.
But you don’t know how big it's going to be for sure and in how many places it's
going to happen and how far it’s going to go. There are a lot of uncertainties that
when we are talking between stakeholders and people working in the volcano, is
a lot of things that we have to agree and we have to agree how to manage when
the eruption has not happened yet. So, you see here, these two rivers, they join
together here and they go in this direction to this town.

This is a photograph where the two rivers they join together and you see this is a
steep canyon and the volumes are very weak. You see here, there is a person
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from the geologist and you see the volume of the lahar going down these rivers.
So, when some people like geologists or like volcanologists say this is big, it means
big, the volume, for example, that engineer talks about when they are doing
construction work and the volume of lahar, for example, it can move very fast.
It's something important, sometimes the communication is very difficult when you
are talking about such improbable events, but such a big volume with such a big
impact on the people.

So, several towns were affected Armero, Chinchina, these towns, but the town
that was destroyed the most was Armero and between all the towns, we believe
that about 25,000 people died, so it was a big, big disaster. I guess people in
Columbia never imagined that the volcano with a small eruption, because the
eruption was not too big, but the lahar was very big. Such kind of disaster will
happen. The town was here, you see the canyon and when the slope changed,
there was located these towns and several other towns. So, this is a photograph,
the town was located there and everything was destroyed, everything was washed
out in that region.

Now, I am going to talk about the other volcano. So, this other volcano is Nevado
del Huila volcano is the highest volcano and has the biggest glacier. In February
2007, after 36 hours of seismic crisis, had a small eruption. In April 2007, it had
another eruption and in November 2008 had another eruption. This volcano, we
didn’t have any reference of eruptions in the past 500 years. We have a geological
map. We have a hazard map, and we have a monitoring station at that time in
the volcano and it was a very few hours of seismicity. It was increasing, increasing,
increasing and then we have a big signal, and there was a big cloud on top of the
volcano and a small eruption and we have a small lahar. Same thing in April, but
it was a bigger lahar and same thing in November and it was with a lot of seismicity
and it was even bigger the lahar.

The main hazard for these volcanoes are the lahars and the lahars will affect
population that is quite far from the volcano. So, from the very beginning, we
worked together with other institutions and with the community, talking to the
community and the community talking to us. In this region, there are lots of
indigenous community. They have their own beliefs and they have their own also
political agenda with government, so sometimes there is a problem between these
organizations and the government. We, as the people in-charge of the monitoring
of the volcano and research on the volcano, we belong to the government. So,
sometimes there was a situation between the communities and us because we
represent the government, and they have their own points of view. But we were
working together and the information from the observatory and the rapid response
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and their understanding of the community about the lahars was really clear and
really fast.

For example, these are the communities, indigenous community and we have the
heads of the different levels of the government from the central government, the
state government, the local government and the indigenous leader. So, I won't
said that it was perfect communication, but at least we have a communication, we
have the discussion and we have sometimes, the decision to be taken in
communication in some meetings where everybody can explain and express their
position. This is the town of Belalcazar. The volcano is in this direction like 45-48
kilometers in this direction is quite far, and there are two rivers. One river comes
in this direction and another river comes here and they join together here. If you
see here, there is little bit of deposit of the lahar from February 2007. This is the
lahar from April 2007 and this is the lahar from November 2008. If you see this
place, for example, here, between the central part here and the river, there were
several distances, so it was not possible for us to see the river flow here to here.
There was this bridge and this bridge over the river was about 15 meters over the
river. In the second, the bridge was destroyed here, but here the soccer field was
22 meters below the deposit, and this is 400 meters wide and now from the central
part here, you see the river. This is a big, big deposit on a big event that came
from the volcano. What the people practiced was at the moment of the siren will
be on, people will move from all this area to this level here and they did. They
have a very good perception of what may happen with lahar and most of them,
they went to the higher ground in a very difficult situation because they say it was
very noisy, the ground was shaking and it was very windy. The lahar was
approaching this town and it was very windy and they felt like the lahar was just
behind them.

It was a very scary situation, but they responded very well to this. This is just to
say how big the lahar is. Here, this is the canyon of the river and you see here
the difference in elevation because it was like when the lahar turns, it goes higher
at one side and lower at the other and it change from turn to turn. For example,
here, this is high here and low here, but here this is higher here and lower there
and the difference in elevation was 65 meters. So, just imagine how big this is
going down and the energy that the lahar may have going down. So, after you
see this, when you are talking to the government officials, when you are talking to
the people, how do you explain how big a lahar can be because I will say my house
is okay here, because it’s too far from the bottom of the river, it’s really high, but
you see how close was this to this house and perhaps many people think about
this town.
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If this is a little bit bigger, go closer and closer to here. So, those are the problems
of talking about the magnitude of something that we haven’t seen very often, but
anyway we have to plan to respond to this kind of phenomenon. For example,
these are the signals from two seismic stations. This was the eruption and this is
the eruption, but the lahar was very close to this station. It took 8 minutes from
the beginning of the eruption to the lahar to cross this station and the station was
about 15 kilometers from the volcano. So, the lahar and the eruption generate at
the same time, and it travels 15 kilometers in 8 minutes, and it was just one big
lahar and from the volcano to the town, it took half an hour. So, that volume is
traveling very fast, but still half an hour is time enough for the people to go to
higher grounds.

What we think it is different between Nevado del Ruiz and Nevado del Huila? In
Columbia, we thought Nevado del Ruiz, we didn’t have any real organization, we
didn't have roles and responsibilities between the institutions and between
different organizations. After Nevado del Ruiz, we do, we know that we are
responsible for some things, other institutions, they have to be responsible for
other things, so now we have cleared those responsibilities. We are working as a
system and we study the volcanoes and we evaluate the hazard. We are
responsible for the monitoring and to talk to the other people in the system. We
have to be very careful how we communicate with authorities and with community.
We knew things about Nevado del Ruiz in advance. We were not perfect. We
don’t have the monitoring, but the people didn’t know a lot of things that we knew
and they were not able to respond because they didnt know where the volcano
was, they didn’t know that the river crossing in Armero came from the volcano. It
was too far and perhaps they had maps or in the school they were not taught
about that volcano, about that river and we know that. So, now Columbia has
three volcano observatories, belongs to the Columbian geological survey. We
monitor, right now, we have equipment in 23 volcanoes and we monitor those.
We have more than 600 stations in those 23 volcanoes, and they carry out that
monitoring. These are some of the instruments that we have in our volcanoes,
most of our volcanoes are very high mountains and to work near the volcanoes
sometimes is difficult.

We have hazard evaluation. We work in the geology of the volcano, so we know
the kind of eruptions, the volumes, how they behave, so we can explain what
maybe the next eruption. Also, we work with historical records and information.
Every time we are working more and more with people working in archaeology, so
they have all this information about those communities, how they perceive or what
they know about those volcanoes. With this kind of information, we model the
different phenomenon and we produce a scenario and we try to match the
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geological record with the modeling of those scenarios is difficult because most of
the time the modeling is you assume a lot of things and a lot of parameters and
most of the time, nature is more complicated, that model or a simple drawing. We
produced this kind of hazard maps, so the hazard maps plus the monitoring are
the tools that we use for a communication.

Also, we have scenarios, for example, this is for Belalcazar and Nevado del Huila.
We have the volcano here, the two rivers, Belalcazar is here and we have different
volumes of lahars going through these rivers and different highs that we may
expect. But before the eruption, you don’t know if you are going to have this
models 1 or may have the biggest one and then who is going to decide, how many
people will go up to the mountain and that is one of the main points or people may
think and it happens to us in other volcanoes, I was evacuated twice, three times,
four times, five times and nothing happens to my house. So the tenth time, I
won't leave because nothing happened to me and who knows if that time is going
to be bigger and probably the eruption is going to change.

Those are the kind of very complicated situations that we have. We communicate
with these colors and levels and we are talking about the activity of the volcano
and then the decision makers will decide about the alert levels and the decision of
those alert, what it means and we are working all the time in communication with
authorities and with communities, especially in volcanoes that are not as clear.
For example, this is Nevado del Ruiz and this is the view from Manizales, the city
that is on the western part of the volcano, but there are other volcanoes, for
example, here, this is now clear. You don’t see the volcano, this is the canyon and
Armero was here, so the perception of the people maybe not the best and you
don’t know if you are in risk or you dont. Sometimes, you need to work together
to deal that scenario of risk.

We are always working with people and we pay a lot of attention to the teachers,
to the schools, so this is in Nevado del Huila and also with indigenous community,
we are working, especially this is Nevado del Huila and you see the dome. After
all these eruptions the volcano had a new mountain, so it was very important for
them to identify the changes in the mountain because the mountain represents
something special for them. And we work together going to the field with children
and with the authorities and many, many times we go to the towns or people come
to the volcano observatories that we have to explain what we are doing. There is,
for example, in Manizales, an open observatory, so everybody can go and see what
we are doing. And sometimes we are in malls, in shopping centers, so it’s not like
you have to go to a lecture or something like that, but you go shopping and you
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will find us and we will be happy to explain something about volcanoes. I think it
has been very useful. For example, these people are the authorities of a very
important town, so the information is closer to them and is not necessary during
very active times.

These are more with the people that are living in the volcanoes and something
very important for us has been these special communities that they have their own
beliefs and they have their own regulations. Indigenous community, especially in
the south of Columbia and we are doing this and we are very proud of this type of
meetings that are children meetings that we learned from Japan. The JICA has
courses and we learned sometime ago that you also organize meetings with
children. If you see this photo, Japanese children and it was our first meeting for
children. We used the photograph of the Japanese children and now we have done
four of these meetings with children and this is going to be supposed to be last
week that we have something like 250 children plus teachers, plus parents where
they go and they explain themselves what the volcano is or what may happen to
a volcano.

Another important point for us is to present the project of a geo park in Nevado
del Ruiz, where we have the volcano, we have the ruins from Armero and we have
now this thematic park that is called Omayra Sanchez park where we explain in a
simple manner and people can pay, the children can play in that place and learn
more about the volcanoes and about hazards and about risks. Thanks very much
for your attention.

Moderator
Thank you very much, Dr. Calvache. So, now we’d like to receive questions from
the floor for Dr. Calvache. The questions could be posed in Japanese or in English.

Questioner

Thank you very much for the presentation. In Columbia with the residents and for
children, you said that you have meetings to educate. Is it done by the national
government or is it done by the local government where the community is? Who
is organizing these meetings with the residents and children?

Marta Lucia Calvache

Well, I will say both. We are a national institution, but then we work together with
state, regional, something like here the prefecture and with cities. And I will say
the most important point is I have my idea about the volcano, I am volcanologist,
I am geologist and I have my idea. But then the mayor or the governor has his
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or her idea of the volcano too and perhaps the community has her idea of the
volcano. If you have a business, if I have children, I have my idea of the volcano
and when I go to let them know good or bad news, because in general we are
talking about bad news about the seismic increase, about the SO; increase, about
deformation and we are talking about you may have eruption, those are no good
news and then everybody says, okay, I am fine, lavas, lahars, pyroclastic flows,
but then the people want to know what are we going to do. And we need the
support of the government, of the president, of the governor, of the mayor and
what you are going to do. Then, I don’t know what to answer because the mayor
has to decide something, but the mayor doesn’t know for sure how much money
is going to come, how much resources is going to come, is it going to happen or is
it not going to happen and is this going to happen this big or is it going to happen
that big.

And then we have progress and I am talking about hazards and with everybody’s
talking and talking about what to do, how to reduce the impact, we are talking
about risk and risk is not only my business. Risk is the whole people business and
then sometimes we don’t know, we don’t know exactly how to work out that
situation. And in general, when a volcano is changing, we don’t know we have a
lot of time, months or years or if we have few hours and that is a problem. So,
we want to discuss everything before anything happens and many, many times
when we want to discuss before it happens, sometimes people are not much
interested in the volcano because everything is fine, it looks like the last 100 years
like too many things.

Especially in Columbia, our communities, lot of time they have a lot of necessities
and perhaps the school is not good or the hospital has a problem and the roads
have problems, you have many problems, everyday problems. And they don't
want to listen for a volcano that probably didn't erupt in 50 years, in 100 years,
so who cares. That is problem. But we try to work together, but the perception
from the local, regional or the national level is quite different and is difficult.

Moderator
Thank you very much, any other?

Questioner

Thank you very much for the presentation. The 1985 eruption caused great
damage and then in 2007 some measures were taken, so the damage was far less.
The system change during this time, what caused the system? I believe, it was
led by the national government or was it the local communities that tried to change
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the disaster management system? Who took initiative in creating this system
change in dealing with disasters?

Marta Lucia Calvache

Well, after the Nevado del Ruiz eruption, Columbia changed. The central
government decided we cannot repeat Nevado del Ruiz disaster. And since Nevado
del Ruiz we have a system, the disaster management and responsibilities to deal
with a natural phenomenon. So, it applies not only for volcanoes, but for any of
the hazards and the risks. But it was Columbia as the central government changed
and the system includes the regional and the local system, the community, the
society, we are part of the system and as a person I have a responsibility. Yeah,
the whole government changed and it was a consequence of Nevado del Ruiz
disaster.

Moderator

Thank you very much. I believe, we have overrun our time, so there may be other
questions, but please keep those questions until the afternoon discussion session.
Thank you very much.

We have some announcement before we move onto the next presentation.
Today’s symposium every time we compile a report from the symposium and on
the back of the pamphlet you can find the QR code and you can register from the
QR code, and the English presentations will be transcribed and then the Japanese
translation will be made. The PDF version can be distributed to you if you submit
the request through the QR code. And you can take pictures during the symposium,
but please be mindful of the copyright and please be mindful of those rights when
you post any of the pictures on social media.

Next, let's move on to Mr. Toyoshi Atari from Crisis Management Division of
Kagoshima city, ‘The Challenge To Zero Victims Even in Large-scale Eruptions’
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Toyoshi Atari

Good morning, everyone. I am from Kagoshima city. Kagoshima city is in the
southern part and so it's warm. I said, yes, to the offer to come to this meeting,
but then as I approached this date, I was a bit depressed because I found it is cold
in this area. I regretted accepting the offer, but today I looked at Mount Fuji, it
was very beautiful and now my regret has been reduced thanks to Mount Fuji.
Today, I have a lot of videos to show you. Kagoshima residents adore Sakurajima
just like you adore Mount Fuji. Let me show you a video now, Kagoshima city is
now celebrating 130th anniversary since the Kagoshima city was established and
the promotional video was created the other day. It's 3 minutes and 30 seconds
long, and one third of the video is about Sakurajima, and I made excerpts of this
video, I re-edited the video, so let me show you that first.

Ryo Yoshimata is a composer from Kagoshima and he composed this music.

[Video Playing]

From the sunrise until the night, so it's a story in the video. Sakurajima in
Kagoshima prefecture has been erupting for more than 60 years. The southern
peak is erupting. The southern peak was created 5000 years ago, which is very
short time in the history of volcano. It can be considered as a fifth grader if we
have a knowledge here of people, so it's quite active. In Kagoshima city, 600,000
people live near Sakurajima, You may wonder why people live near such an active
volcano. I wonder why people live in the mountainous region where heavy snow
appears, that’s the same thing that we wonder, but people who live in Kagoshima
are proud of Sakurajima. When there is eruption, people in Kagoshima are proud
of the active volcano. We don’t appreciate volcanic ashes, but when we look at
the eruptions of Sakurajima, we are encouraged. So, I always talk about that to
people outside of Kagoshima, but people don’t really understand what I am talking
about.

This is about weather forecast. Everyday, when there is an eruption up to 3000
meters in height, the weather forecast covers the volcanic ash fall forecast, so
everyday people in Kagoshima look at the forecast and they make decisions on
whether or not to dry their laundry outdoors.

Regarding the volcanic activities, since 1960s, the yellow one shows the Minami-
dake and orange one shows the Showa crater eruptions. The Minami-dake was
more active and starting 2003, the Showa crater was erupting more actively, so
the peak was 996, which means that three times a day eruption was occurring and
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then the activity shifted to Minami-dake again and the crater is bigger in Minami-
dake and the ejector is even more from Minami-dake than Showa crater. Every
year, 150 eruptions occur, so it’s been quite active recently and these are photos,
you can see the plume coming and usually people use an umbrella and some other
people cover their mouth with a handkerchief. Itlooks as if heavy rain was coming,
that’s how people in Kagoshima look at plume.

On the street, the white lines are invisible because of the ash falls and you cannot
use wipers, because it would damage the window, so people in Kagoshima just
wipe off the ashes by using towels before they ride their cars. How about health
hazards? Kagoshima University associate professor reported that there’s no
correlation between lung cancer and ashfall from Sakurajima, that was the
research finding, so we don’t have many lung cancer patients in Kagoshima, it's
not the case. There is no significant difference in terms of the number of asthma
patients in Kagoshima city and other cities, so there’s no finding that shows that
there is a correlation between the disease and the volcanic ash. However, when
there is ashfall, we use sweepers and sprinkler trucks and the road sweepers are
assigned to each block, so when there is volcanic ash in particular area, the
assigned truck goes to the city roads, the private roads and prefecture roads, so
road sweepers go to these areas followed by sprinkler trucks.

How about households? The ashes might come into the gardens or verandas and
stairs and the households are distributed a heavy-duty plastic bags, 10-20 bags
are provided for free. And they bring ashes in the plastic bags to stations. There
are about 6800 designated collection stations and once the bags are piled up, the
vendors would come and collect them. The ashes that are collected will go to the
disposal site. There is three sites in the city area and one in the other place at
Sakurajima. And going back in the school playground, the ashes are also piled up
and we have to collect them as well. This is a swimming pool in a school, ashes
pile up in swimming pools as well and they use a designated pool cleaner or
vacuum cleaner and PE teachers and school teachers collect and remove ashes
without draining water from the swimming pool.

Risk communication happens on the day-to-day basis. This is Sakurajima council
on volcanic disaster management and Kyoto University, Kagoshima University and
ministry of land come together. The meteorological observatory also come
together once in 2 months to exchange information. At the beginning of the
financial year and at the end of the financial year, we have communication at
drinking parties at night to build report and to have face-to-face communication.
Kagoshima city, Tarumizu city, Kirishima city and Kanoya city also have the
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Sakurajima volcanic disaster management council, and we lobby central
governments and prefectural governments, Ministry of Land and Ministry of
Agriculture. We launch requests to these government agencies for their support
and assistance on the disaster risk reduction activities. Sakurajimabay
areameeting also takes place between Kagoshima city, Kirishima city, Tarumizu
city and Aira city to exchange information.

Sakurajima volcano eruption evacuation drill takes place. It's been taking place
for 50 years and on January 11 next year, the 50th drill will take place. This will
be a milestone. It's been continuing for 50 years. I wonder if there is any other
place that has longstanding drills taking place. There are 4000 people in
Sakurajima, but we don’t have young people, so when we evacuate or when we
rescue people, the firefighters have to be dispatched to Sakurajima area.

Ferry evacuation also takes place. The Kagoshima city has the vessel department
and the ferry is owned by the Kagoshima City government. So, using ferry we
rescue and recover after disaster. We have drills of the headquarters, the self-
defense forces and Japan coast guard use their helicopter for the evacuation. They
will appear in a video later. They collaborate with one another and 180
organizations come together in a bit larger scale drill.

This is the drills in evacuation shelters. Citizens now have learned that it is better
to manage the evacuation shelters themselves, and therefore drills are carried out
also together with the Sakurajima residents. This is where children go to school
using hard caps in a drill and also these hard caps have been rented by the cities.
Everybody is to wear a hard cap. This is where a fishing boat is used. This is the
ferry and inside the ferry if any rescue is necessary, from the Sakurajima ferry and
the Japan coast guard is trying to rescue people from the ferry. The Japan coast
guard said that they will be able to do this, so we went through a drill and we
found that yes, it is indeed possible, so we are considering all kinds of scenarios
to carry out these training drills.

Now, in preparation for a major eruption on Sakurajima, , maybe difficult to see,
but here and here, we are monitoring the horizontal level from 1890. So, in 1914,
when the large eruption occurred, you can see that the Aira caldera ground level
rose. In 1914, after this great eruption, lava was ejected in large amounts and
then the ground collapsed, became very low and then right now it's around this
level and once again, from the level before the 1914 eruption, we can see that the
ground level has gone up about 90% or so. So, it may be an indication that a
magma reservoir is being filled and the next big eruption is in process. We will
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have to watch and monitor the situation. The 1914 eruption, it's very difficult for
us to imagine what it is, so we created a film to peak people’s imaginations.

[Video playing]

This is the kind of film that we’ve created. I will show the reason why we made
this film. This is a simulated image of a large scale eruption. Almost all seasons,
everything flows towards the eastern side. But when the westerlies die down in
July and August, the hottest season, if eruption happens, we may need to evacuate
200,000 people in the city, so we are now creating a plan to do that. Lifelines, as
well as roads, we are collaborating with stakeholders and this is an experiment we
carried out. Pumice was laid down on the street, close to the mountain, probably
a pumice will be the main deposit. We try to see if cars can ride over the pumice
deposit and we also experimented how to clean up the roads, we would like to
show you another video.

This is an front-engine rear-wheel drive car, you can see it is scattering a lot of
rocks. This is a front-engine front-wheel drive car, going somewhere along the
road, the tire starts slipping. This is four wheeled drive. Four wheeled drive will
be able to ride over pumice and ash. This is volcanic ash, even deposit of less
than 1 meter, the car gets stuck right away. Unless you have a four-wheel drive
car, you won't be able to ride over this. Now, how to remove what has been
deposited, that’s the next video I'd like to show you. This is backhoe and wheel
loader that cleans up deposits of 30 centimeters, 50 centimeters in depth, these
machineries could be used to just remove the ash from the surface of the road.
But if it’s thick, for example, this is 1 meter, the wheel loader will not be able to
push away the ash, you need a backhoe to scoop the ash away, so that’s what we
learned from the experiments.

Now, lastly, just a little bit, we now talk about the top city concept of volcanic
disaster prevention. The measures that we are taking against volcanic eruptions,
well, nobody is claiming to be the top city, that’s why we are claiming that we are
the top city when it comes to volcanic disaster management. First of all, we want
zero casualties, zero deaths due to volcanic disasters, and we want to educate the
younger generation and we will utilize the Kagoshima model to contribute to the
world to spread our lessons learnt.

So, for zero deaths, we have several measures we are taking and also in order to

educate the younger generation, it is important to teach children, especially people
who live in the cities, the city people do not think that the volcanic disaster is their

76



The Challenge to Zero Victims Even in Large-scale Eruptions

issue, so we have prepared these textbooks using manga for sixth grade
elementary school students, in science classes, they will learn about the volcano.
We created 6000 copies and distributed to the children. This is called Jigokugawara,
it's an area where you cannot visit without permission. We took children here on
a field trip and asked them to draw pictures. This is an area where 2 meters of
ash accumulated over just 1 day. So, we talked about the shocking things hoping
that this will remain in children’s minds . Because the city is paying for this, many
schools are willing to send children to the site, this year, we had four schools
attending, but it’s very difficult to reach out to all children and so sometimes we
send experts to schools and have them lecture to the children. Then, we will have
some experiments. We will ask children to draw pictures, so we are now
strengthening this education part.

And also, we have training for volcano disaster management specialists. The staff
of the city office who are related to volcano disaster management will come next
year, January 10, we will have trainees come from nationwide. We are hoping
that this could spread the knowledge that Kagoshima has. Now, contribution to
the world, well, I come to forums like this, and we appeal what we are doing in
Kagoshima. Sleman district in Indonesia, we have exchanges and this is our mayor
here. Our mayor went to the Merapi volcanic area, Sleman in Indonesia, because
in this century, major eruption occurred in Indonesia, therefore, we went to see
the situation there. The governor of Sleman also came to Kagoshima, and we had
signed this memorandum of understanding to have a continuous exchange
between the two. Our staffs were sent to Sleman to see what and where we can
cooperate with each other in case something happens to either city. And this is
my last slide. We need to collaborate, we need to establish relationships with
citizens as well as research institutions, government from normal times, we also
need advice from the experts. We also need to be able to control or utilize the
mass media. We try to bring in the media when we have meetings and we do tell
them what is on the record and what is off the record and ask them to report about
these meetings.

We are opening up the door of our meetings so that we can continue to have good
and open communication. I am very sorry I used more than my allocated time,
but with that I'd like to end my presentation. Thank you.

Moderator

Thank you very much Mr. Atari. We have overrun the time, but maybe we can
accept one question here. If there are none, then I believe, we are now ready for
a lunch break. The afternoon session will start as scheduled from 1:30, so please
be back in this room by 1:30. There aren’t many places to eat around here. If
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you have ordered for a lunch box, I believe, you have received tickets for the lunch
box outside of the door. You will be able to receive your lunchboxes. You can eat
inside this hall or you can go outside of this hall, there is a staircase outside and
there is a conference room, which will be open to the audience and when you finish
your lunch, please bring the empty lunchboxes back to where you received them,
so thank you very much.

(Lunch Break)
Moderator
Ladies and gentlemen, it's now time. So, we’d like to start the afternoon session,
if you can please return to your seats?
In the afternoon session, first we will hear from Dr. James Kauahikaua from the
US Geology Survey and the presentation is entitled ‘The 2018 Kilauea Rift Eruption

and Summit Collapse and the Government Response to the Emergency’.

So, Dr. James, please.
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Lava lake in Halema‘uma‘u crater
~200 m x 400 m across
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1.5 km fissure, west flank

% T 3May 2018

ZUSGS pyyey ¢ End of 35 year eruption 3 May 2018

X 12 X 13
FCRZI>TWET, F22h, b b7y - 4405k T3 (112), 2 bk b 1983
FOWAENTESTTEXLOTYT, N4 HRT, b 4 A 30 HIZERBHREL, 7
L—H =00 NZ ZICHY £, BE 350m 1E L, EHAT250m EE T, £ L TRED KL
K% & ATEREIERN S A, BV E Lz,

T AL TRANPHIEIZEVEDE Lz (K 13), v~ ~BEAEAVR~HA~EMLH
ENTWSHT, 29 LEBERAPH TS L2120 £ LT, T2 HERIEEIEDIE 5 ~AN -
T IRIIZH Y E L, U - FAnZbn, Zlcho £7,

BFissure»-T 'hﬁlE '::’ Leilani Estates (1960):
oL A e
wn

ST

Revieweddepthsshown 2% & <o o o *
1 5 e KapohoBeachLots &

°
ha o e LIPS - a9 1 Vacationland:
e Yo ° il ° 2

£
X
£
2
oy
o

see . | ~500 homes
% Depths |
shallowing

L ZUSGS

X 14 X 15

DR 2 B> TAZBOTT (K 14), ZHudlmK e s, Kz TERLT
WET, 5H1H, 4H30HIANRET, 2HHMR5H2H, 3HZA, TTOT, MENEA
EAEL o TETVET, B—=U—+ f—AL- UT /=2 DIEIATIEST, AL
AMEL B> TETWET,

Z OHBE TIE 2018 FEOME KRN DIEATO N — K~y 72 E-oTEBV L= (K 15),
Pe= R =D 1 R—FBRRFTT, ZHURRYITIERICKINESZT 5, £T7 07 REDK
WDITEE S TR, Z 206 —FIFIARNERRFTETERLTVET, LOL AN —
1E7%2o5TWET, —EBEMRARHTT, I THEABHEVET, Y—rD 2L, bLY—2 1T
KR HIVL, AP RD S Z TN TWEAS L ZATT, LTy —rd31E, £2
ETIHEAIIITORNEAS  THEr LWV DT TIERWV, BErfEREWHIFTTIEL D /A,

TINH T L—D L ZAX, BRREKNH ST T, V7 =20 ERTE EfHETE -7
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ZEBZMOET, ENNLREO L AL, FEEEREE L TEIWITT, RV EELTHET,
LA Z=-+-xA7— (Leilani Estates) NZ ZIZHDHATT TN EL, Z ZIHARBO =D DOMH%R
BT, LA T= - AT —=VEFIDEIRNPIEHITR>THET, £LT5HH 3 HOBEAD
X, T —OHI DO NTZ B, AAREB S ONELL, V7 M= I b6DIE DI
FTIEM>TWVET,

50 3 HOFh, MADIED £ Lz, 2OWYITEENEN > THET, ZORITO 2 HRHT,
ENERSLIHICTEELE, 1I2m <SHVDEDOLDOTT, TDHIHLO—DOMEED FET
TEELIL, TTOT Hb RS IHLHETPS
3 May 2018; fissure 1 erupted ~16:50 TRDDTIERW I E W) EERIT, EAERNC

o bBoTVELE,
~Y a7 Z—7T1HIZ3E, BIZROE L
7= (X 16), ED XKD ITEKPHEATND D)
ERDIZOTY, £/, EZTHEHANEZ T

WHO, HIKIHIED £ L1z, 72, A O
Helicopter overflights critical, 3+/day:

maps; DEMs; photos; updates; instruments NN EZETERET S0, TOHIZRL T
EFE L, Ty 7T — hOFRTT &N, A
Response WKW ZE T IE, ZOFHRAELLE LT,

— T L VEKIES5 A3 DA EY £ LT,
EHITH LUVEERE B VA E L2 (K 17),
ORI, AICHLEVELZ LB AOEBE
T, TIPSR EZENTEB Z LN
TEFEHATLE, Y—F— XNV TEN%E
O TWELEZDOT, ZOXIRMETT L,
e ——— V=T =X EN ) DIXIEFITMEO E W
| » seismic & gps 2l 00T, BAOBNAT — 3 U CIIEM R
e ORI ;i T LT, SRR T
e e B S W AT, HER LA L A Z O HIRIC K
= G o TWND DW= DT, #HIFEE L 7> GPS
B SAZZIZBALE L, Z0unb A
THANE L, SEIERFTCOMBEIEZ
52T,

AT —a rOEINFRGED TR E 24k
T, BIZIEAT7 4 ADOHTHASL T, Tiad~
a7y —THEAT, BIHIZENTNS 7T A
hy—2AF—vartWHREFEERALE
L7z (M 18), £95FTHZ LT, R¥ v TIHNE
BRICABEOND Z e RLE=H Y U ITHRTED
Xz, s E~Y a X —THEHSZ LN T
=¥ L7,

X 18 TNNBEZL DN HERBHIZHROE LTz

“Fly-away” solar power & instruments

Response
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P So were ground observations! ~<_
Access.is needed by scientists!!!

Response

X 19

4 May: 5 fissures #2-6 erupted
3-8 May: lava temp 1100-1115° -C

ZUSGS fissure 3, 4 May 08:45
X 20

S Flank earthquake: 4 May, 12:32, 7 km depth

South Flank
= Sequence of M5+ eqs
= M5.0 on 3 May at 10:30
= M5.7 on 4 May at 11:32
* M6.9 on 4 May at 12:32
Pu‘u ‘06
= Triggers rockfall into collapse crater, ash plume
LERZ
= ERZ opening, allowing more magma transfer into
LERZ from MERZ and summit

ZUSes May 4, 2018 M6.9 Earthquake

May 4, 2018 M6.9 Earthquake Slip Model
GPS displacements (70 cm max): obs, mdl

May 4, 2018 M6.9 Earthquake

ZUSGS

(K 19), HOOBETEE I Eh A2 b
ZoTWBAHHTE, GPS 2 E TR A N B~ T
WEFE L7, TH, THUTSEITRAHTRERDE
ZoTWzDOT BEFERLINAETTLETIE
R BIZRAE O ARG ﬁﬁ%ﬁk%_bﬂ\
ANFEHATLE,

5H4H, 2o LEENENREALLEARELIA
MoTEFELLE VT MY —UiRWICHE E LT,
ZOBRIIZHSOBENTE T, HYNIHEH L
e~ =ik, BEO~ 7~ X0 HIEEOKNE D
TL7, BEOX T U7 ORE LD HIRENME
< T, 1,100C/»15H 1,115C<H 0D HDTL,
ZLTHMEbmWbOTLRE (K20),

5HA4HDODBRIA, v/ =F=2—F6.9 Dl
ENRAELELE (K 21), Z0OHC, v/ =
Fa— N5 OHENRECTRIMINE L, FL&
Zider (Hilo) DIFHICWE L, 6.9 OHIE
Dol &1, FATA T 4 ZAOBIEIZE- T
IZW A TYT, 2000030 < B WENRE LTz,
FEX, ZOHEEIZWZATTINREL > TD
NN HWENTZEE>TWE L, R0
nizws 2 LT,

TU e FATEHEALHY E LT, £ LTHIE
Lo TC, v/~ p—YU—+ f—X U7 L
V= DIEFOIT b o EMLHIN TV ORI TH
HZENGMOELL, ZOHMEORA =X L%
EZTCHET, TOETATRET L, BN
o TWAHUEA e D IRV, KILO T, ZL T
ST & WREREE D BT OTRWGFT CTEE Z - T
Wk L7z,

EEOBOVPEZ - TWVWAEDIZZZT, 7 -
FA, Fanba—"U— - 7 KV — DO K
WAAEDIED T (K 22), KEHIPN/RLTWSD
X, GPS CiEx-@h& ¢F, FNEEOHE X T,
RIIFATZH DET NVOFHEAER T, BT /L)
RO EBLTWDHDONGHY 7,

Z L TIHRRKOEIEIZ, Z0OWYIZ7L— T
&nigfbkﬁ—fﬁﬁﬁk@@%@OJmﬁE
TL7Z (X 23), & ZIEEICENNTW 2 HE T
B, HETbo LW D ELTWNET, 1 T
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Leilani Estates Lower East Rift Zone Cross Section

Eruption Site .~
j 0.7 m seaward, gps

—
— Dike

—» Pressure 8-10 cm/year
Typical South

E )
. flank motion
; =S L
ol —
] e 5 m, model i
=~ Small Regular Earthquake Slip 7
3 Ing Earthquakes and Aftershocks 1,2 1 7 May

total 22 fissures erupted

Pacific Plate

lava temp increased 1115-1150° C
“fresh” & stored magma erupting
lava flows reached ocean in 2 days

Preliminary modeling and aftershock distributions
support a slip patch extending 35 km offshore
spanning an area at least 700 sq km

ZUSGS  may 4, 2018 M6.9 Earthquake AL LA

R 23 B 24
KK 815 10em 1FEEL FRED & Z AN, ZHETEIW=bIiF T,

ZOWRDT7 =—X3 5 H 12 HnG 17 AT, fiEomn~ 7 ~ogitnEiZmE E L (¥
24), Y LT O I ~DIREN LB >TWEE Lz, 2F0ITH LW TvREAL ARG
TVBHEVS ZLTT, BRIICAHENSGHTE DI, ZOFICTFo LTz, 1955 4T
AP Z ST b ENBIEE o TV I PIEHLIEOTIERWNEZZbNE LT, 2000
BEMEN - T2 T,

BIZITHBEEOT 2 —T 2 ZEZATIIREN, RWH, STz ThEEd L, broltH
FoTxET IR, TNRE o EWINTHTEET L, BRAEH LWL, LD LELNW

EEE AT 23T, TR EN
Magma intrusion ended ~18 May _ R
o INPBEEETALTT (K 25), SESEAk
il

i SLH. IOV T R OHTF TR 5T
Fllo, ZNLRFVWESHOFT 2—7 DL
IRBOTT, ZbbLbDEDIES, FF~vI~
FTER S O TE T, V7 MY =0 Lo
~18 May: LERZ GPS stations stop spreading EOMBEALEAMEVETI~E WEZSH D

;l;lsstay: LERZ earthquakes decline F TR T L IC. CAEATOIED
W FoTW&ET, TNTYI 7 M= DD
X 25 WONRELEMES A THEET, L THKL

LERZ 24/7 field crews 3+ months MZZTREI>TVET,
Lead scientist each crew B~ Bl b s s 4 N
Concerns: safety, SO,, fatigue, B 24 IFRHIIRSSCL 3 27 M EMA TAE
orientation for new staf EVELE (X26), —2DI7L—01 A5
asistency, talking with reside . .
3 NT, 1 NI AT HVO (Y
A KILBUAFT) DA R—TF, TH, LAV
AEDE LTI 202 ERH 0 E L,
SOz (TR LRiE) N4E ETIZRWVIE EREIT
L7zL, ZORELEN->T-TY, TTDT,
ENEB 22T E Y FHATLEL, L
KRS THRDHATZL, KL, HDHWITIED
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S ®

19 July 2018; observations of activity
& to respond to EOC requests 24/7

Response

X 28

Response

X 30

DOKILBRIFT NG R D ANT=HIZ, Fr—=71%
AL L 22 uEe  FHATL,

ZNTH LERMNSEI I NEZS, oA LRLT
BEZDBHEDL LOIZ, EH2EXDHRENICONT
HAlFEE LE LI, AT 4T b b Ea, EREHR
ERDFE U, £, BIREEENS HERM T
T, TR L TEADAZ EBMEIZRD E L
(X 27),

BAIOEKDHI-VIZ, 7 Ml TRr—20
JN—HBALELRE (M 28), ZhiTA~L—
vaslll o TREEETLE, EENLAY &
MIETZENTEEHEATLEDT, Fr—r%
MITT o Lick-T, LZEoMBETICTDHI L
MWTETbDIFTT,

ZHELREFORT Y=gy bopITE (X
29), Fre—VTiRoTLETADRT Y —
Ta vy T RERIRERH D D050 £,
%2 MK DR ﬁﬁhn&%&éiﬁ&@®ﬁ%
MTETVWET, ZLTEEIZH-THDLEN)
DOWRGFMNY EF,

ENND Fr— 3 RICBRITT e ndb o7
Lo ZET, EFITMEDH LD TLE (K
30), ~USHRATHZR AR S Z ik TE T,
BIEFr—rThEIRITEDL ENWH 2 LT, &
THLHEHATLE, Rr—r%fisT, ﬁ%%ﬁx
LTWeBHEhs2 b TEE L, S

FIZHEL I TE T, J:O‘%Kﬁ%ﬁ%bi?k%
2T BMEDG %, I BIER2ST 52 LT
FHATLED, Ra—r&5 2 L THFT &4
ETHIENTEEL,

ZHLNRPEREYBFEDOF XL~ g A —
Tt (K 31), BAOESELRALLIIC, B E
HRFEDIRANICE 5T 20, KILBZhnb
ENRIEN T 0w 2L ZLTAF—F
DIRVBUZ DN T b fEbliE B 2 1Tk LTl
LTW&EE L7, EOX D RRBEEENLE R D),
Z L TE I W B B DTEE S LB D),
EOX I REBENRNH LM ONT, ZITaiz L
TWE L7z,

ZOMRIL, FEFITNSBREMBTT R, 2D
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Mattermost Open Source:
workplace messaging for

County Emergency Operations Center: 24/7 mobile & desktop

o Immediate, direct; briefings; advisory
e Rapid communication with USGS crews: MM

Response Response
(>

& 31 X 32
DOEFRENFHEO TWE L, 4 BOT—TABHY T, TNENOT =TT, FIZIET—L4
TEITHREA L THY EL T, T2 HOT =TV, B, b OEORGSHY
ZLTERENBASTWVE LT, ZTLTIHLIFAIM, mEhEk s 7 Zm, £ L TR

XL, KEBEBROANTELOEICWE LTe, TROA 7 4 ABRIZATZHLHEWE LT,
HHTRFIZIZ. R TOEHMO ~y I L DEENMTONE LT, £ L TENETNORENZDONWT,
FEELTWEELE,

KD 27> TPl 2 ST EEDRITH2ORELNE NS ZETLE LHEE R —

— A —AR VT RS =0T, ZODOREBERBHY E LT, T LREHREITIE 2
WCWELEZL, =T — A/ —ZX L+ U7 N —UICHBIHAT R H 0 F LT,

Al a=—varyNeELrolol ) Z & T, Mattermost EFEEINA, A—T7 2 YV —AD
Fxy hOY T =T EERERLEADVELE (K 32), Z2HHIEITAZ by 7 ThH, A
NDTNRAZTHED ZENTEET, AvE—VE2HETEFLEY, ETF, BH, Hb05D
HLOETIHEAETHZENRNTELEWVWS 2 LT, REEERLDIZRVE L, o, 7—7

ZUSGS

Kilauea Volcano - East Rift Zone
Map Updated 1:00 pm, May 18 |
A [

X 33 X 34
T N TEE LI, 77 ANDT — A T TT A~V OFTHiivE L7z (¥ 33),
WERNIRESTZON B H 3 AT, 22 0ENENTEZONTEEARABZTLE (K34), TDIE
EAENRENHDEIZ, ZHUTE KRB CIERWIEARZRHEE 5D TL, 20k, bo
EREMEDH D, L BWWVRETAELS ETHEND L 210 L, 26O NBSRIEE T
(¥ 35), 2,000~3,000 FIEEDET DA A= ~Y a7 X —Tlr-o7=EELE 0 H LT
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fsan
i softwareln 3-6 hours

Puna Geothermal Véntlire

19 May 2018,
LERZ 22 May 2018

B 35 B 36

FolebDTY, THELIFEVFH LY, XV IREMEDEWEETAREDIE D £ THRATND D
NN ET, FEAIR, ZbLICHERSNTVET,

it\%@%ﬁ%ﬂ DOV TIZHY ET (1K 36), FWVERET, /INEREADT HICEN

EEMEPENATLENE L, TTOT, BEHZELELRTNETWTEEATLE, =28
WK DEEMIZE > T, ZOREHMOMFRBEGENSNE L, EWHZ LT, —H, 20D
HBVEFET Tl CWALFWEZ, ZIh6IE00 L ZA~BEISE T, BB HAKLH
HLRTNITNT 2220 £ LT,

Meanwhile, at Kilauea summit:

Magma withdrawal from s-ﬂéilow summitireservoir;
lava lake not visible on 10 May at 320 m depth

e 6 May 2018
LERZ: Firstlava into ocean 27 May 2018; 12:30

Meanwhile

ZUSGS

39 X 40
B BITHICEERAA LT 5 A 27 BOEBTY (X 37), [FEFZILTE TIZEEN 7R <
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Mol L WHERENIFE LE LN, TOBREMBERS, HEHICREREEL EF RN 6, HE
LTWEE LA (M38), KIUH A ZEH L TWET, i km IZ D725 & 5 220 T4 (1% 39),
Z U CKILROHERED N, BB E D, AV RRIT7Ranr ET7ORTIREH Y FEATRE S,
WLV FE LR (KM40),

Meanwhile, at Kilauea s

ZUSGS Kilauea Summit: HVO evacuated 16 May 2018

X 41 B 42
ZNENOREIZL > T, WEDIE) TRERMBENE IV ELE (K 41), v~/ =F2—F
55 DHLDOHHV E Lz, 20X REBCL > TEMOENEN T, BiE LTI 0nT2<
Y FELEOT, FAELDAT7 s Abba~bBIELELE (K 42), EL TR, erltdbd
NIARFOBEEF > THEHL TVl EbHVET, Hr ) EEKRLTLEDT, HELM
bETHHHIZENTEEL,

N =rrrren CE Criteria
150 e seismic event ~Mww
100 5+
“ r “ RSAM drop after
=T ‘ i o tilt inflation

- * gps drop

o 1 1 |
04/25 05/02 05/09
Pacifi

05/16 05/23 05/30 06/06
fic/Honolulu Time (2018-04-24 11:11:45 to 2018-06-23 11:11:45)

Tiltmeter records change in subsidence from steady downward
“deflationary tilt” to discrete inflation “offsets” & deflation that we
called “collapse explosion” (CE) events.

CE ash plume ~3 km
Kilauea Summit Mid-May 2018

ZUSGS
Kilauea Summit 6 June 2018

X 43 X 44
MTEDOZ U 7 TTN, DL O0mELTWE L (K 43), wOIEEEONY T, LT L
VU UDOFOKADIE) THRRENBED LN, 20%RIID LT ORED =Y Y — K144
FVELT, ZNEFhOTE Y — T, KUKREZL GUEENERSINE LT, ZOX D72
BITHES BRI RBIGIC L - T, KRR E KWK, TAPERIIE LT,

ZIZT, e banEELLERSD £ L7 (KM44), 62[EIA, 37 ADHEOT TRE S
F L7z, BAIOEBEBOKIZ, ZNHOMEBIZE > TRERERAN/HD Z L1322, 2LD
TWREEZ EFONLTETIC20 E Lz (K45), TRENOMEZT 3 225 bm <HVW, KO%
WhexgE Lz, TLTO LIMELZEE EIFCnE L, BIBHICIXILTEE To~ 7 ~72F£ 01k
FERIZT ¥ —VINTWT, AVIZHIENRD L)oo TWnEE L, 2L TKEDEY T
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Open
conduit,
Open rockfall &
conduit gas-driven
ash plumes
Steady gas o0 as piston
emissions o S drops

Gas
increases
during
events

Mostly .
closed Wider

conduit, | collapses,
Later CE rockfalls produce low'ash plumes weak gas ) closed
emissions s gondult.
and ash little gas
plumes '
. : ZUSGS
Kilauea Summit 5 July 2018 Kilauea Summit

X 45 X 46
O F~OWRPIEE D F Uiz, KEEZHAET L2 L3 Rh oDl KILAT AN LTEIZHE
FoC M AT kO OEERITESN TV E Lz, BREE LIS 2 Tk O ZHZE L,
T THEA R IR ETETHRN T, HOES THOEO KUK ZEE BT 57200 OBGITBAT
LCWolebif TF (X 46),
CHLLME LTV TE1H 1 7L—ATHRSEXA AT T AWHETT,

(B18)
NNV TEHEN1F A —F—=H0NTT, 2O X ITEREHINZRIEL T T,

FREENIEEV £ LT, NU~U~URAREL, L K&\ THNZELE L, T LTI O
B, IWTEOKADOKES S HVWORESICETEY £ L,

S

LERZ: fissure 8 reactivates, 28 May 2018 LERZ 29 May 2018

X 47 X 48

A—AR U7 S —=2TiE, REREADRHY UL (K47, WEOIRE &, KERED -
TWEFE L7, Bo<ENE SHFEMILLIZZ LIck o T, IWEHOBEIFIFEFICKREL RV EL
Too MEFENEFH LU, WMHEZ 1RM720 100m3 < HWT, AT A TIEIEFITEN L DO TT,
TN OIEEDORIFNPER S IVE Lz, LI EEEHINILE L T, £ LTHROEFETNHOL S
NIZEWIFEZLELER, ZOF ¥ ROV THRIFVIEEL TWEELT, TOBNEA
EAm 52 LIZioT, IO LR RoTWEE LT,

TN BEINE 8 NBHWT, 1 B 55 oo B bEN AN ENE Lz, Zhids5 £ T
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Kilauea Volcano - East Rift Zone pE. - e Kilauea Volcano - East Rift Zone |/
Map Updated 3:00 pm, May 28 N

F"\OWNFronts’ e
131 12:30/py =

Yo e
Isaac Hale Park Isaac Hale Park

Island of Hawaii

Island of Hawai'i
I Frow oxpanson, 527528 —— Majorroad %

B Fows 813 528 —— Minorroad ~ ,327 expar ‘ ojor roa N\ i -
o8 8 a o nor roa ST s
J MacKenzie State folc N 2" MacKenzie State. . %
» T — Recreation Area 3 Recreation Area 3
' 5 o o 5 e
i PN )

Flowfrontasof |
12:16 pm, 6/02.
Flow has advanced

\OC'H *{acmss Hwy 132.

° y D/ L SN , 4 Los Vacationland

i O N J P 3 Hawaii
amy S ‘ ey - 3" 1
Leiari €08 c ¢ s, . 2

— Estates

>\ G
2N "Mackenzie State
Recreation Area

A\ *MacKenzie State K
Recreation Area N N\

‘&

¥ Opihikao ~ s = o ¥ Opihikao

X 51 X 52
XFTIUZT TRERLIZL-ULD 5%, 6 < HWOPHETYT, 2L 00 ENE 8 TF (X 48).
WazmS20~30m <HWETHEHEZ LE L2, 2 L TIRYZY 100m3 3N HTWE L,
O ITHHIT 1EB S OVOREHEZ T T~ LA W EBWET TN E S, EFITHN
A — RTRAIDIE) ITFHNThE £ Lz (K49) (X500 (K51) (X52),

ZOHFNWTA L TTR, ZHELIFHREEZ LEZbOTY, KNI TRTE ) TR, EAINTER
RKINERRIC, RETH L, BRIZEDZBHOL > bDIEH Y FHA, TTOT, EEIZE
I NS TR CIRETRPIRNL TN e WD Z L 2T 57201, ZOFEEZ LE L, B8
L O T, EBRTHEN TV 72 NI ZERFND £, TTOT, 20X RitHITE
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HAThHoT2nWH Z 22 EF, THBITEERPED T ~SEDN T R OBIRA IR I
2V ET (®5B3), ZOLIITEN->TNEFE LT,
1 EEE, EalRcEELE L (K 54), TRAMICEDBET D08EMAH Y £ L,
2R > T 500~600 §F < B W OBIEN L HAESZE LWEIEA T LTz,
IHLLENETATT, TOF ¥ RV ATAREDL IR b DD, EFICHEES LWL ORH
DEFTOT, TBEVEEETWERNET,
(Wef%)

ZHONEINH 8D AKATY, ZTHLLDEFELFTA TV D &0 ET08, KIK, S
DTN EN B W2 ST, 420m, —FHEVEFIRZNHNTT,

Z L CTHIBEEH DRI L T L0850 0 £9, EER TN LTWET, 2565 DEER
WZEoT, ZoomEd T E Lic, (A, ZRUCE>TIMNELTLEWE LT,

TV o lhEREATTIINEL, IhbEREBEECHSATHWET, 20X 5l ET
FIEEBNTND Z NI D EBNETR, EEEE, o efidhTnEELL, A
TWDHEHEFICELVDITTTINEL, 2OV ICNWD ATEHORILE 2 2T v £+
o

P/ NS Z o 0 ORI IZETH D £,

IO ZAIIFEAERD, L OFEBEHIC LR bR CnwE Lz, Fid, BEL<HDHFT
SHOEERNT, ETHEINELE, LPLZOSHFHOFICELTYH, 77 2R THHah
TLEWE LI

IHLN, vy T TRLZEZDLITRSTNIZENS ZET, B/ARLLTWET, BiRIZEA
DO TN ITE DM FRRANOEE A — MO EZAETERELE Lz, ZOETZERICOHIAE
L. ZELTCIHLIFER > T DTIFRL, OB 255 LD K )RNTEHIZRV NG
TY, TTOT, MUIZZ IR TT o LH#EATITKEAI LB E LT,

X 55 X 56
IHLIZE—=FAN=I BB ET (¥ 55), ZHLIIRATEALLIZLIEE—F —7 T,
1990 FAR BB ON T TZOICHOME L L-b O TLE, £ L TCEDOIUL. 20y Tl
DELEZ, ZOR—bOEOTFRITYT (K56),
ZOEDITHIZASTWVSTEDITTTN, bHAALZOMT, IEaY—UAXALENIHEDOLHH
DEL, 20 35 FEMOEATY 7 —EPRANEFICKAZTNEE L, M F 7LD
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TourBoats

4

7
Lava entering the ocean caused most |njur|es

ZUSGS LERZ

X 57 B 58
Wb ThH, TNV ZRELT, =7 Y=V XA 0Ib0bHYELEZL, A—bbd
DELE, R—=FTHIZA>TNE, ZL TR ELDATZHERERIZA— FT, WHLRE
DN ZE R TND EWIIRBIZH Y £ LT,
ZOEKDEFT T, B OFNRABRHELE (K 57), EAIZE>THAEOTTR, Z0DI1Z
EAED, Boa DR L TCWERIEICIERE Z DR DS N BIC L DI NTLE, flxiEs b
b, ZOR— N THEE DOTMALVPIER QML OWTEANTEBRESE ZICEENET (X 58),

Submarine lava
ocean explosion

~6 AM, 16 July 2018

e 23 passengers
» ‘””ﬁi_‘ Aaan e

e 4 went to medical
center by
ambulance

R

LERZ 16 July 2018

e 9 went by private
vehicles

e 10 treated onsite

X 59 & 60
7 H 16 BITIL, BEOWAUILETIO X 5 2feh 2 b O TidaleoTnE L (K59, 20
AR PNIERIZ /2> CNE Ls, D E > TT S OREBOBEE T, 7 OFERTE -
TS ZENSMY 3 (1X60),

ORIV AN, VT —AR— N TCANZEZICWHAHFT, BEN/EZDE L, L TE
FEOMANR—D, RATITE, V7 —AHR— Mo T LEORL BICHEDBE L, L TK
bbb, FLREFEEEEITLE L, EPOREELLE, MO NRERANWE LT,

TER, ZOAEBIXZ ZETELIATSRETERVDOIL, BEFH-TLE-TL L, D E
ﬁmbfwtkﬁwiﬁﬁhf%\L<_ﬁ%u%fwto%LT_®$&ﬂ%ot Iz, 2 H
BIZITFETZZOARL—F—F, VT —OR—FEHEBLE Lz, 20 IEFITRRENH TV
DL BWET,

FalINP—FOFlZ LT, SESEa X2 A bPbHLTWEELE (K 61), M 2%
HETEANEZ D0, En)Zbbala=br—rarz L TELE, flXIREEROT ¥
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Kilauea Summit pre-2018 - Kilauea Summit 28 July 2018

X 66 & 67
ZHLLIIEDIED TT, TTDH, JTHTMEEDIZIIZHY £T, EHIZIHLHIT Ny TRHY
FLT, ZRLRIIVEESNR M IFEICR>TWET, 2O, To—RNHEHESNE L7, 72
ATTITNES, 2O U TR0 RTITERAT LR, WO DIE, FLEEEREIDIBEED
ETHED S T2 B T,

%Lf*hi%%@ﬁéf#ing% TEEZIZH->TWET (X 66), 2ms¢i@%
IHHIIEENR OV ET, ELTINALYUSYTUDI L—F—ThHD ETITNEL, KIKERE
1km T, HVO iZZ6612H 0 FL7= (X 67), v?ﬂ-n'fzn WZH £+, 4l _oiﬁof
WE7d, HVOIZZ ZiZhHh v £7, ZFLTCZO LI ITEGNHTE TWET,

May 05 06:12 HST

N

A

| April 2018

S
8
3

1000
August 2018

Elevation asl (m)
g
8

P
8
P

5
3
3

L . L L
1500 2000 2500 3000
East-West distance (m)
Cross-section of KTlauea summit topography before (blue)and after (red) 2018 summit collapses;
maximum sul bs!dence was more than 500 m (1,600 f).

500 1000

o

Preliminary total collapse volume = 0.8 km?

Preliminary total erupted volume = 1.2 km?®

from all 24 fissures (>700 homes destroyed)
ZUSGS

X 68 B 69
IR T (K 68), L—F—DA A—VORRRETHY T LT, KO T,
TR ELELNERESBRSTVNEE L, ZTHHITEAEWTHD ELT, N U TR
LT, EFAEALLZHORoTHELTNEET, ZANREALAREIRoTWNEE LT,
TIHEZET, EOSHWELSRSTZATLE I DYy 2B ZDY L—Z — DX <7,
ZHUT 20184 HTHY LT, KIKIEEIMN8m &WVWH ZETL, BIEDOY L—F—H L
v EEoTVETINEDL, 500m LU EDOES T, 20D FE TOLRKRTIE 600m LA
EEEZONRTHET (X69),
Wikipedia T, B T—F SV OIINR LB, ORIV ) —ThbYELT, =
NN 634m L NS ZETHVET, LWNH T LT, KEKZAREL, AHAV Y —DIFO B0 L
BT L,

96



M018 FNTA - FSVIT7RIUZE T HABAE L CROFRREE ., RAREFOBATOXIIE ]

Not able to meet all media requests!!! Daily media conference calls: >50 reporters

Outreach ZUSGS Outreach

B 70 X 71
FIZ BNl & THTITE, AT 47 axrsyaryLTWELETINREL, KRYIZT4 7
A BFEa—En WANAEHLDELTE (¥ 70), TXALZTRVELEDN, &2 TUISADI
HPOTTIEHY FHATL,
FmH, BRETORHEOOD E L (K71, HRAPOANTZHR ZOEFEHEEHZITH ATV LT,
1), B 2N TEE L, ZLTHEMT 22 ENRTEE L, L TZEDORIRTHY £F
FIEL 1IREIZG LIVERTERNENS ZETHY E LT R BITE > TUIBENTLT,

Weekly public meetings in LERZ: update talk &
maps/photos in back of room

Weekly public meetings in LERZ: update talk &
maps/photos in back of room

ZUSGS Outreach ZUSGS Outreach

X 72 X 73

BT, AA T AUAN=PNEIC1IBIOI =T 47 %0 Lz (K72), ZHUIEO G
BWHEMENRELE L, O EKOH 7 =T U T 2bETh bWk L, EFICEL
DANTEHBRRE L, HARETHLEZ L TWeB T,

F7- EREMMEA ., FITREETT LN WANARZ EIZHOWTHREL TN ELE (K
73). RATZHLDRZ v 7|3l BOIZHITWEL T, ﬁ ITHI SO R A HE LT, A X
DHPALBREEZROOND X IICLE L, 2T, bR TWnD Z iz, fE
RO ﬁ%%@ét 2> TNDHZ T,

ZLCHIZ 1 BIOFRFEELHGTCOFEICEHLE LT, 2L TENE R OFEKE G H S

% E R :?@LL‘C WANAZRZ LIZHOWTHB A LE Lc, £ 1E, AU A OKILIZD
I/\TT*y7°?‘~l\%fT%1iﬁbi L7,
SIHICNANAREHELOD E L, 1 A1 E, #FERCo TWWATT IR E S, KTk
THERTHYETITNEL, BEEERIVELE, ZLTUHREEZELWANAELD LT,

97



MO8 HFE/NTA - FZHVIT7RUIE T 2ABEAE L VCRORGREE. REEHFOBIFOIE]

ZIE—W TR AZONWTIEELTWAEEZ A, HHAWNIRIDE ZATIE, HlxIXEEDE
BIIE DN EIDP WANAS LTI K> TRELELES TWE L FAZHOHAD DAX v
T7TTINEDL, EAKIZOWNWTNAWNWAEHALTCWEELE, ZhaeoTnE LT,

. Contact USGS

Current Alerts. Photo & Video Chronology

Geology & Histo
il S, Kilauea Latest Entries | Search |

At least

Daily Text s

Updates Frequent
photo and
video posts

ZUSGS

B 74 B 75
T2 T RXR=VDT v T T =TT EN A —Fy hDaAIa=br—valrzvoTnELL
(¥ 74), ZAUTZHOBECHFLWVEDTERLS RoTWETITNLEDL, WTHRIZLTHRD F
Lz, A7 v 77— LT, EFIHEIC, FETTLPB@EAHLELT, ZLTHTLE
HAIRIMALNIRNE D Bl 24k LE Lz (X 75), #HiXbEEHHLE LR (1X76),

Kilauea's lower East Rift Zone lava flows and fissures, July 31,

DET\AEVE]
flow maps

Near Real-Time Earthquake Maps

X 76 X 77
ZHUIFEFICHEWS DO TH Y 9, #1D TR BIIHEOBGE 2 L=, £ L CLiaiiEfl
21X GPS ZFo 7 ADBWT, ZOBEIRKZFHH L CTHNIZL Wb Thidnd s, 4
RO T v 7T — FafinE L, REEHIRY LT, ZhzatRPICRELTEE L,

ENNBIFE I TN EZA LOMEBEO~ 7 HIEVE L. (K 77), TRENOHIEIZOWT,

Flo R EZTHRIE LT D, EOSHBWNWETHRETE 2, REZRMLE L, 20D
WAWAZREHIERZ > T, —KEDSHLWDORBEREE THWDHDN, V7 R —rBnEn b
WIERSTNDMNEND ZEBIFIFY TAXA LATHEREMLE L (M 78),
ZHUE SO THED, HAWITKIUH AR EITHONWT, £72FDREHREICOVTOLEDTHY
EFLT, INEARRT 7 LTV DOEFEE LS ERFE Y 273 fix >y MV —2, IVHHN
EVHEZATHYETINE L, fEE U =7V A FEERLTHE LT, 2z Rt SOz 72
CIZOoNTETHND, £lo. BIEMIORER B0 D L) ZEIZhoTWET,

98



M018 FNTA - FSVIT7RIUZE T HABAE L CROFRREE ., RAREFOBATOXIIE ]

Current Alerts Tilt and GPS Deformation Data

Geology & History

Map of Selected Deformation Stations

Monitoring

Deformation Data

Electronic Tilt at Kilauea Summit - Past 2 Days

Near Real-time if;\/\Ai

Tilt and S ey
G PS ti me- Electronic Tilt at Kilauea East Rift Zone - Past 2 Days
series graphs B SR

X 78 X 79
Flo, THIGHV E L7, SO2TT LN, OVt bODOIRE, s 1 KHEEXIZT v
T— et TnE L (K 79),
FNDHET=BIZE S TH L7201, £
USGS Volcanoes Facebook:
* Doubled page likes hé’/ﬂéf%of\ %ﬂ%ﬁé E@: SNS T?‘t‘)'ﬁgé
" Maydune (8005 imareacsy P 0 T100000ayin - R S B (1)) IR AN |
USGS Volcanoes Twitter ' L F 4N I %Oﬁ>®ffﬁ§+i)§§) DL
* <10,000 to >50,000 followers (560% increase)
+ ~2 tweets/day to ~35 tweets/day in June T A OBEIFEFITE TN Z &N
» Average 450 impressions/day in April to ~3,500 per N . R
day in May/June (780% increase) §j\75‘ n ij—o ESERNS) N 3'57%77—7 7k A 7531[3%'}?_
Staff required: before & during, NO HVO staff F L7, [EREBITVAL \ARERAITE AL
e 2+ person team e 5 person team (HI to E. USA) R . .
e 1 post/day e many posts, ~18 hours/day SNS %JE Df{%‘fb \7LC J: 9 ’C‘"@_o
e 5 days/week e 7 days/week NS
7 HIFET . SNSETT v 77T — 95 E
WO ZEIFTEERFATLE, HVO TixAh
X 80 ROREIECTEEHATLE, TTND ., 1E0
DOARLTOKILOBHPTDO NT=HR3R0-> TS IE
L7z WOITKINIFEL S WAWASRERIZEATINEZY & HDWIEERICEIT IV 0
EWVH ZEEBIALTINE LT,
Zhhrbd e, HVO OBYOREL 2 ZHE Lz E v ES (K 81), HVO 1% 1986 412 #T
LWEP)NTEILENDL, 22I2HV £ L, 2018 FOTITHEEST 5 F TWE LT, £

DAE, RFIATEE L, LT, KETHFYMNEE 72O T, BIOFHIZ W22 T UV

ZUSGS Outreach

HVO 1986-May 2018

NTERING
TSUNAMI
EVACUATION

AREA

US Customs Building (1941)
Reggie Okamura (HVO) building (1986) ZUSGS

X 81 X 82

99



M018 FNTA - FSVIT7RIUZE T HABAE L CROFRREE ., RAREFOBATOXIIE ]

FHATL,

ZZ TR D 1941 FEITELN T EMCATE F LA (K 82), 2t v dlch v LD T,
T ITE 2RO COEPEREEEHIR 72 2\ 9 2 E RS0 F Lin, WaREEEIR 5 AR
BRI AT S T VWS ZETHV T, ZTOIHIBIZEINLHIO, e TRNIIITEEL
T, 2 HRIT 0 EEGEE R NI H 0 £9 (X 83),

1:Aug 2018

~—
ENTERING HVO in 20257?:

Hilo Iron Works Building (1898) E‘.’r‘\sg';‘ﬁ!é" New office/lab building on UH Hilo campus

Field station in Hawai‘i Volcanoes National Park
ZUSGS ZUSGS

& 83 X 84

ZH 5% 1946 FITIEFITIROVEIZIC A DOIE Lz, Z0EWIX 1898 FIZEHLNT-H D TH Y
F9, BOFT7 4 AT 2HZHHATTITRE S, ZOHKIT 10~11m <HWOFES T, 2HE
THEDLDNIZLEWHI ZETHY 7, RO BITXZ T 5, 6 FlFNDH 2 Liczsn EHnE
R

TIE, 2025 4E121E, K, HVOIZEH DD TL L Ih, ErIZHLWAT 4 AL LT (v
THEAIELTNET (K84, ZLTERRFOX ¥ U "ANRDLEEDHTY, £hhb
H oD ko L/NSWEHILE A Z OENAR, ZAUILTEIGEWTTTidnE s, 22I0ED7
A9 EEWET,
ZLTZOMATTINE L, KAKRDY £ LT 9 AXITIURKIZL I T o BEAR L Ao
TWET, LrLT7THOKDY, FebB EREFRITL TS X2, Sf my MR, ZZ2ITH
EV RS To/ NS 2Ny FRHLDITRNTEE L,

INTTINEDL 1L HDPIDIZR-STZHDOTHY EFL TR D r o L REL o TWE LT,
LEIEH LW L—F—DEIZ, KOWRHTWE L (X85), L Txha 1#EEI &I
"\ Lwme 1Im, KIS ER S TWET, TThL, U
a8 sk lema‘uma‘u now hosts a water lak 25m DIESF EHNES. Z1LC7H 25 ALL

L k. BREFOR—RAFEDL->TOVERADT,

1M Im DS T ER S TETVET,
WOMDHEENH Y £, NA A—LDH A
T ThiRoTWET, ki, bl Fr—r
EioT, Yo7V T H M TEELR
(X 86), ENAREIHET, WANALRER
EZF R TEN T ot ATTI R E b,
FoFVTOETARHYET, ZDr—

https://volcanoes.usgs.gov/observatories/hvo/

ZUSGS Kilauea Summit 10 November 2019

X 85

100



MO8 HFE/NTA - FZHVIT7RUIE T 2ABEAE L VCRORGREE. REEHFOBIFOIE]

AT w7 THFhEL, #5< 70C, 80CH &
u.s. Geolo%?cglf;tsoubrsg?1}—?a-\n/§iligtrj18\70\llcoalﬁgnoobservatory T %) %’RI/ \ﬁﬂ N 7J< (J%IIZJ; % % “?ﬁﬂ k foc D VC A i j«o

This video shows the unmanned aircraft system (UAS) collecting -~ < AL, >
a water sample from Halema‘uma‘u. This wider view shows the : t) % %i ]\ H— ‘/Tj—‘o ;LIE |% W_j( % foc }\ H—
scale of the UAS relative to the water pond.
Limited UAS flights into this area are conducted with permission Ve ’/C‘j—‘ 7)3\ N : D }“\ 0— k H:’\ ZD k (Eﬂ @ﬁﬁl‘ﬁ
and coordination with Hawai'i Volcanoes National Park. The
information is used to assess hazards at Kilauea's summit, and is

shared with the National Park Service and emergency managers. SIS < 140m T, 1EA 70m TiHeW s
ppsoimeRs ssga oo BvET, BERLULZERNL, B2 Hid pH 23
4.2 72 WS Z NG £ L, pH4.2 &
IOV, AFDDOKILOKDIRE R EFT & ARY
WEBETH Y £,
86 ERENIEFICELS T, 1 Uy M7z D
55 mg TImbH, ZOKEWIDIL, A5 L
I - )k & R LT D O T A & U E
hitpeiivolcanoes.usge.goviohservatoriesihvel 0 © L CEDHHISIE S0 OH AN BRTL:
B O TIETRWD, ZRATHICIRE LT, KITK
FTWDEERNWET, 2D S0 B TERLE
B4,

BB, BUED A Y » 7 DI 72T, HVO
DI TT (K 87), 30 NFENAWET, MK
BIEDST=D T AARIFTIZSZ D LTWET,
MAHALO BsE, SWEEHVRE 5 ZKNE LT,

10 November2019 Lake dimensions: 68 m (N-S) x >140 m (E-W) x 15 m (depth)

ZUSGS

X 87

% : Kauahikaua fit:, 0235 T8 WE L7z, TR TEHEHROIF I NG, ZEMAEBZ
LW EBWETN, NI ENETTL X ID
BREE: SERBHEEH0 N E ) TZNE L7z, SNS TOFHRBESC, HDOIWIEIT—HE2HED D
DI, BRIZADIIEFICEEL T2 EES ATTITINE L, EHOMRL AL, KILTEEHD
HTHEZHIZTEIZATL X 9D
Kauahikaua : /123 H>7-2T9 4. [TV, eaTEHV ELE, ZOHBEORRETHY 317
nNEL., BRIED 30%DFEEZ L TWET, FMIZOREFEL L THLEVICE--TNELE,
ZOHBIEEFRNTE T, BHoEMEIET L, O HWHEERIZL OV XA T LTLE

YDOTITeWnmEBoTZATTIINEDL, LOALINEZRVASTIZ, ToLZNEEVWTEE
F LT, MBARET 30% & kolz b &, m5%%%@m¢6&47®ﬁw%$%;ﬁbibto
ZINTERUIEKOHIE TS TR EEEZ 72720 T, TR OFTIERLR T L,
BREE: 4. 22 m%wkﬂmi#@IWO@EL\%%<Ew@w5be¢iﬂ&%
3 ZARMIT 24 W], 1 BT LT TBIHIZR D 729D121F, 90 4 < HWVD ABKETT 1,
%ni&wﬁmfﬁﬁ%tf\%%%AU4_@U%ﬁkATL;9WO
Kauahikaua : Z 2520z E L0 Ed, 24 BT o Lo T D EWHEFIT, 2D
AT TIHETHEARAETT, TTH, Ao 2HEMETHFRNFEE LT, 2T, Fe—r7
=M EI VST b DB ANET L, 100 A< HWTZ 5 & HNWET,

EENT S EWVWEDITTEH Y A, BIZIE2EMNT, R ABWET, BHOM:

101



MO8 HFE/NTA - FZHVIT7RUIE T 2ABEAE L VCRORGREE. REEHFOBIFOIE]

FLHDODLITTTIND, RAEBLIETELRETLERIILIZY, ZLTAHAARELSAEIRERETZW
LEoTWE LT,

MNWTLEEoT, HOVBEHITINET, 5702 ENLTHELL,
A& EZNEEALNTLEI D, TIEDLI 18, E5%,
HREE : COLEERBHEEZOONE ) TV ET, LIFE, MSICB T HER~OHPHD T —
VT, BOMEERBYNERICH LG Z T 25 mAH o2 EE I ATTIIREDL, 29
W) KSR ER) 72 %S AT L X 9 FNE S 2T T VRIS E > TEBLEDL T, &
HoTLDHDRDOTL X I
Kauahikaua: Z'&Efix,. Y ELT 4 7= R (KR BNEIRo-oTCala=rsalia=r—
varERLN, EVWHZETTR, HHb YT A MRHYE LT, BE. DMK
AT 4 TTDHE, WOHLRAT 4 7%, BRELET,

BlIZIENF—=RTTENZEINSTbDET v 7T —FLETE RFVESEES LET,
Flo, BIZITHREERRDLE 0y, EZICy o v E—RhDLNEN, TIVNoTebDbE T v ST — L
F7, o, HEOIERICEDLZ D EN, VY=L HOLWNIHIZITaI2=T 1k
H—EDPPRBELE W) Z L2 FET L, BIDIEZOI>DA T 4 A% DL 5T, BIZIEFEEKR->TL
FWE L, BIFACMZ L CLKESWNETNEN, 50O 2 LEEVET, £ L THIAILE
ERERE, ZOV ot bOBEL T NET, TN LHZITBEE LT, MHIERITHREIC
MR Z R b oTe b, TITERICA =V Z < E LT, BT ITEEEET 2 X 912D,
ZONI KO BNEERL T NET,

TNNBAT 4 THRIEBFATZHIXLE Lic, N ABDBIKERNANA T BN — Rk}
JELTWEATTIINE S, BT 4 ALDAX v 7R N R20DITTYT, TThb, 20X)
RZERBVETE AT A THIET DARNNDIT T, FHxBSNMEIETHLHWE L,

HOME L &I aIa=T I —T 4 TIUT-oEE2LbAATTITINE L, Ln
L SNS O L9 REATIZF LB RE oz E BV ET, ThITERETT, Ao bo b h
A C—FEICWNANA ERNIE, TEXLRA LSRR EENET,

A& : LALWTL XD, ENTIIROEEIZE Y 72 & HuvvEF, Kauahikaua fiit, &0
WEHTXWNE L,

BRI, FARET OF BRI KERO I BE T - [aEBERERDI SO R =R L0 . TR I

T 2015 HFITFAE LT/ MRBOKZESME K ~OXR EZ D% ORK ] L) XA LT, BafLW
2rEEET, EOFLALIBEVYWELET,

102



The 2018 Kilauea Rift Eruption and Summit Collapse and the Government Response to the Emergency

James Kauahikaua

Good afternoon. My name is Jim Kauahikaua, and I'd like to thank the organizers
of this symposium for inviting me to tell this story. The 2018 eruption of Kilauea
was probably the second largest or the second most damaging eruption within the
United States in the last, I don’t know, 50 or 60 years, after Mount St. Helens in
1980. It required all of the resources of the USGS and some outside agencies.

My coauthor is Steve Bradley, who was the Deputy Scientist In-charge when I was
Scientist In-charge. The setting for this eruption and many other eruptions was
the island of Hawai ‘i , which is one of four major islands in the state of Hawai ‘i .
Each of the four major islands is a separate county. So, the levels of government
are very much like in Japan, where there is a local level, and then there is a state
level and a federal level. And that’s important in this story because the entire
island here is one county, a single county, the county of Hawaii. Based on activity
over the last 10,000 years, four of the five volcanoes that make up the island are
considered active. The only one that is not considered active is Kohala here up in
the northeast. To complicate matters a little bit, there is a submarine volcano here,
where is also very active and has erupted in the last 10 to 20 years.

But to focus on Kilauea, which is a southeast most volcano, I'll start at the
beginning of 2018. On January 3™, 2018, we had an eruption at the - we were
experiencing the 35" year - end of the 35" year of Pu‘u ‘O ‘0 eruption of Kilauea.
Pu‘u ‘O‘0 is right here. You can see the eruption statistics over the 35 years,
over 200 homes were destroyed, 144 square kilometer were covered by lava, not
to mention how much lava went into the ocean. In the beginning of 2018 was also
the 10-year anniversary of a lava lake that showed up at the summit of Kilauea.
So, the basic structure of Kilauea, the summit is here, but it's very different than
volcanoes like Mount Fuji. The summit is here and eruptions do occur at the
summit, but they also occur along rift zones. This is the east rift zone. There is
another rift zone out this way of Kilauea. So, eruptions occur within these rift
zones. Probably more eruptions occur at the summit than within the rift zone, but
the rift zone eruptions produce a lot more lava.

The current story about the 2018 activity involves three areas, two of which I've
already talked about: the summit area, which had the lava lake, and it’s also where
magma is stored ready to erupt, stored below the summit; the Pu‘u O ‘0 location,
which have been mostly continuously active for the past 35 years as of the
beginning of 2018; and then the Lower East Rift Zone, which is again part of that
subsurface magma plumbing system. But that’s significant in this story because
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there’re a lot of subdivisions, homes. There’s a small town here, and there is
minimal highway network.

You can see some of the distances in between these various areas, just to give
you an idea of the scale. So, a very quick summary of the 2018 activity was that
for months of March and April, there was significant inflation. We call inflations
what happens when there is more magma getting stored underneath the summit
that is erupting out at Pu‘u ‘O‘6. So, it's something like blowing up a balloon.
You get too much magma going into the summit. It starts to rise. It starts to
spread out. And we can measure that with various instruments. But that had
happened before several times. So, we knew that it was likely to end up with
another breakout somewhere, could have been at the summit, it could have been
near Pu‘u ‘O‘0 . So, we were all alert.

On April 30™, now the Pu‘u ‘O‘6 cone, which had been active - more or less
active for 35 years, collapsed, which means that it all fell in, it stopped erupting
lava. And that also had happened before, and usually within few days to a few
weeks, activity would resume in that same location. However, in this case, almost
immediately after Pu‘u ‘O ‘6 collapsed, we saw earthquakes extending out to the
east from Pu‘u ‘O‘06 down to this Lower East Rift Zone area. We also saw that
the rift zone started to spread. So, we interpreted that to mean that magma was
now, instead of erupting at Pu‘u ‘O ‘0 was been pushed farther down to the east
towards the inhabited area of the rift zone into the Lower East Rift Zone.

Eruption there started just after cracks showed up on May 3™, lasted for 3 months,
went through a couple of stages. Right after the eruption started on May 4%, there
was a 6.9 earthquake, which was a culmination of 2 or 3 magnitude 5 earthquakes
earlier in the day. And at the summit all this was happening at the same time.
The lava lake that had been there more or less for 10 years started to recede and
eventually disappeared. After it disappeared in the whole summit, the lava lake
area started to collapse, and then the crater that it was in started to collapse and
then the collapse brought into the entire summit, caldera.

The resources that we had available to us - we had scientists, we had data
collectors, we had people to support or monitoring instruments and infrastructure.
We had a number of hazard assessments published. So, the public knew
something about hazards that could befall various areas of Kilauea volcano. We
had pretty good communications through media, through our website, through -
we were just starting to get our information out on social media, like Twitter and
Facebook. We had a good community of emergency managers, of utility managers,
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that sort of thing. One complication, one probably the biggest challenge in the
entire operation for us was that, because our main building was right at the rim of
the summit crater, it was affected by the collapse of the summit caldera, the
progressive collapse there. So, we eventually had to evacuate, moved twice during
the response, and I will say proudly that we never lost a byte of data throughout
that whole time. We kept it on.

This is an aerial image showing Mauna Loa, the adjacent volcano to the west. This
little bit of fume here is from the lava lake at the summit. The Pu‘u ‘O ‘6 event
is shown down here. It also had a small lava lake. At most of the eruptions - well,
all of the eruptions for the last 35 years were centered around Pu‘u ‘O‘6. But
most of these areas were inflated in early 2018. Our visualization of how magma
moves around in the volcano, I've already kind of described with a cartoon here of
the magma comes up from great depth in the Earth is stored beneath the summit
area and that has - there are pathways out underneath the ground to along the
rift zones, both rifts zones, as well as some shallow conduits that usually extend
around the caldera.

The Lower East Rift Zone is down here. Pu‘u ‘O ‘0 is right up in here. So, for 35
years this conduit was fairly open, fairly easy to push lava out and erupted at Pu‘u
‘0% .

Just an orientation. Here is the lava lake that showed up in 2008. It was within
Halema'uma'u crater here, which has got a kilometer in diameter. Then that was
within the larger Kilauea caldera or Kilauea crater here. You can see our building
right here on the edge. It was great view of the lava lake. So, in late April, the
lava lake started to rise. It was really a beautiful sight. I used to drive up. When
the office was here, I used to drive up early in the morning and be greeted by this
glow in the sky from the lava lake. The lake is a couple of hundred meters in
rough diameter. It's more elliptical in shape. And the lake circulated continuously
as most lava lakes do. Towards the end of April, the lava lake rose far enough
that it actually overflowed that smaller crater onto the floor of the larger crater
Halema'uma'u. This is a thermal image. So, you can see it’s all pretty hot in there
with the original lava lake crater. It's right here. The significant part of this is that
the lava lake had overflowed before. But every time it overflowed and the lava
flowed outside the crater, the smaller crater, it built the rim up 2 or 3 meters. So,
after four or five of these overflows - previous overflow, the rim was now 8 meters
higher than it was when the lake first formed. So, an overflow at this point
indicates to us that it was in a much higher pressure state, much higher inflation
rate than it had been in the past.

105



The 2018 Kilauea Rift Eruption and Summit Collapse and the Government Response to the Emergency

This is the Pu‘u ‘O‘d event in sort of the middle of the east rift zone, what it
looked like in late April. There was a lava lake here in area of persistent filling and
collapsing over the years in here. This is part or the remnants of what is left on
the original Pu‘u ‘O ‘6 which was built up of lava fountain deposits in 1983. So,
this is in end of April, collapsed on April 30", Here is the same crater remnants
for a scale. The depth is about 350 meters. Rough diameter is about 250 meters.
It was a very dust-rich plume coming out of it for a couple of days. The area
around Pu‘u ‘O‘6 started to develop cracks as this magma was being injected
farther to the east on the rift zone. Also, I mentioned we saw the seismicity
progressing towards the east.

Pu‘u ‘0“6 was here in the collapse on April 30t". This is the timeline - or this is
actually a cross-section along the rift zone, but it’s colored by time. So, the blues
are around May 1%, April 30™". These are May 3™ - 2"¢ and 3™ that we saw the
seismicity of the earthquakes actually started to get shallower and shallower in
this Lower East Rift Zone, where it fairly started that an eruption was going to
occur there.

Just some background about that area. We have developed lava flow hazards on
maps where the areas are ranked from lava flow hazard zone 1, which is the most
dangerous. And that’s within the summit and rift zones of each of the active, really
active, volcanoes Kilauea and Mauna Loa. And all other zones indicate less and
less activity to the least active Zone 9 area.

In this particular map, the purple - the narrow purple zone is Zone 1, the most
dangerous. That's where eruptions start. Zone 2 is where lava flows will go to
once it's erupted in hazard zone 1. And Zone 3 is less likely for lava flows to get
out that far, but it’s not zero probability. It's not a zero probability that lavas will
go that far. In grey are most of the historic eruptions. You can see that they all
are kind of bigger up in the rift zone and summit area. The green polygons are
subdivisions that county has permitted to build there. Housing is fairly dense,
single family homes.

So, at the center of this story is Leilani Estates right and Vacationland subdivision
down here at the coast. The shorter map here shows just Leilani Estates. When
the eruption occurred on May 3™, the county immediately evacuated the area in
grey. There are sonic stance right through here. On May 3, in the afternoon,
the eruption started. Right in subdivisions, the houses all around us. In the
previous 2 days, large crack have developed in this area, to a meter or 2 wide. I
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know one of them extended right under a house. So people had plenty of warning
that this was coming, besides the notices that we told them this was going to
happen. We started doing helicopter overflights three times a day just to get the
overall view of what was happening. We started to produce maps of where the
eruptions were occurring, how far the lava flow were going. We'd issue updates.
We'd issue notices of changes in the eruption that we saw. But all of it really
started on - the really intense part of job started on May 3™ when the eruption
started.

We also started to deploy new instruments, because in this area, as I mentioned
it was fairly densely populated, we had difficulty maintaining instruments here
because we power our instruments using solar panels. In a rural community like
this, solar panels are gold. They’'re really valuable. So, we had a hard time keeping
these stations going. Before the latest activity, we had minimum number of
instruments in this area, and right after we saw the earthquakes were moving
down, then we started to deploy more earthquake seismic instruments, GPS,
camera so we could see what was going on in various areas. We started to deploy
some, what we call, fly-to stations, where most of the station, including the power
supply and the solar panels were assembled somewhere else like in our office and
then it is helicoptered into an area. In that way we are minimizing the risk to our
employees when then hooking it all up at the site we want to monitor. We also
had lots of people on the ground watching what was happening, locating and GPS-
ing the various events as they opened. This was challenging to us because this
eruption happened in private property. So, until the country would declare it an
emergency area, we were only able to go into places that we had local permission
to go into.

May 4%, this fissure started to open around this area, all in line with the east rift
zone. By the next day, five fissures have opened up and the first lavas that came
out were rather pasty who were compared to normal Kilauea eruption at a 1100
to 1115°C. Then on the 4™ and by noon, we had the magnitude 6.9. But as I
mentioned, there were a couple of magnitude 5s that were felt island wide. My
wife and I were in Hilo and different locations for the magnitude 6.9. I was sitting
down in an office in a bunker. So, it shoock for maybe 20 or 30 seconds. My wife
couldn’t stand in her drive way, so it was fairly strong shaking for this earthquake.

There were some rock falls inside the collapse area of Pu‘u ‘O‘6 , and the
earthquakes show that the east rift zone was opening up wider to allow more
magma to be pushed down into the Lower East Rift Zone eruption areas. When
we solved the mechanism for the earthquake, it showed - the model showed that
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slippage area was rather large. It was down deep underneath the volcano but
right at the interface between the volcano and the ocean crust. So, it slipped quite
a bit. Maximum slippage was right in this area. The epicenter of the earthquake
was rapid here, Pu‘u ‘O ‘0 and the Lower East Rift Zone eruption area. The arrows
here are plotted. GPS movements, all of our GPS instruments moved. So, blue is
what they actually did and how they moved, and red is when we — when our model
computed that they would move. So, the model fits pretty good. Maximum
movement on the slip plate was about 5 meters, but the maximum movement on
the surface was about 0.7 meters, and this is in an area that constantly moves but
at a much slower rate of about 8 to 10 centimeters a year.

The next stage of the eruption, May 12t to May 17, there were still rather pasty
eruption, but the lava temperature was starting to get hotter. That meant that
more fresh magma was coming in. We think that the original, the first fissure that
erupted stored magma, stuff that had been there since the last eruption in 1955.
It was much cooler. There is basically - like, if you leave the cap off of a tube of
toothpaste, it dries in there and you want to push out some more fresh stuff, you
squeeze it, you got to pop out the crust to get to the good stuff. This produced
some lava flows that were long enough to reach the ocean.

So, this is our conceptual model of the various things that happened in that rift
zone conduit, which is kind of like the toothpaste tube, and that’s where the
earthquakes and such. The upper part - first, the magma was being drained out
of the summit and the upper part of the rift zone was actually squeezing that
magma down into the lower east rift zone, like you would squeeze a tube of
toothpaste. Then, the rift zone in this area was swelling and erupting. We had
field crews in the area 24/7, usually three shifts of crews, each crew having maybe
one to three people. Each one had an experienced field staff member, but there
were many things we had to worry about. The sulfur dioxide emissions were much
stronger than we had ever measured at Kilauea. So, we had to do that. we had
to do safety orientation for volcano crew that were coming in from the Mainland,
the other volcano dormitories in the US to help out, and that was just to main
consistency so that if they were asked things by residence or whatever that they
would say that same things that we would say.

We also got many inquiries from media and from civil defense the emergency
managers in this case, and so we had to have people out in the field to answer
those queries. Very early in the eruption, we deployed several shifts of drone
crews, umcrewed aerial systems. They were critical to our operation. They
allowed us to get an overhead view when we couldn’t fly a helicopter. Here's an
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example of a stream clip from one of the videos from the drone showing a massive
lava channel several 100 meters wide, and how it would leak out, drained out
over the sides to threaten these home. Then, also the drones were invaluable
because they could fly at night. None of our manned aero-vehicles, helicopters or
fixed wing aircraft were able to fly at night.

In one case, a drone was used to rescue a man who had refused to evacuate when
ordered. But that as the lava closing around his house, he decided that he wanted
to evacuate, but nobody knew where he was. So, the drone finally located him
and they pulled him to safety. This is the Emergency Operations Center for the
civil defense crew. So, like in Japan, we the volcanologist try to recognize what
the volcano is doing and what it might in the future. We pass that hazard
information on to the emergence managers who decide what to - where to
evacuate, what other things to do to try to mitigate to minimize the effects of the
eruption on the population. The organization of this room, it’s rather small for the
number of people that come in. There are four tables here. Each table houses a
team of people. At this table, there were representatives from the fire department
and the police department, the national guard, and the army. This table was all
public works, highways, infrastructure sort of stuff. My chair was right here along
with the utilities, electrical and water. And the legal office, mayor’s office were
right here. So, every morning there was a briefing at 7 a.m. for all the department
heads and then we would all disperse and go on with our regular business.

One really critical thing that we discovered about 2 weeks into the eruption was
that we were having trouble keeping everybody connected. We had two eruption
sites basically, the summit and the Lower East Rift Zone; as well as the emergency
managers who were located in Hilo; and then there was also a Forward Operations
Base near the Lower East Rift Zone. So, somebody suggested that we use this
Mattermost open-source messaging system and it turned out to be really good.
You could use it on a desktop or a mobile device. I could share messages with
everybody. You could share photos and videos with everybody almost instantly.
So, it was critical and it was also a great way to archive our findings as we found
them out. And you could also use it in helicopter.

The eruption started on May 3™ and it went through that first phase just 22 fissures
or so. Most of them just developing right around the fissure are not really
producing very large lava flows. A little bit later, they started to get more fluid,
hotter more fluid, and then flow started to go farther. This is a thermal image
taken from about 2000 or 3000 video images from helicopter flying around this
area. These are the product of the fresher most fluid lavas that are starting to
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make it towards the coast zone here. You could see the channel systems that
develop in them very easily. Also, there was a geothermal power plant right in
this area. Early on in the eruption, those smaller eruptions took out their power
transmission lines, and so they had to shut down. But then in the second phase
of the eruption, the lava flows actually started to threaten the facility itself in their
drill holes. So, they had to move out some of their active chemicals that they use
in the geothermal power system and then shut the area down.

And so lava first went into the ocean, May 27, and at the same time at the summit,
I mentioned that the lava lake disappeared. And the lake itself an area just around
has started to collapse producing this very large dust fumes, basically, being
ejected out with volcanic gas, some of them reaching several kilometers. Ash
deposits, nothing like we saw at the Sakurajima or in Indonesia or Colombia, were
a very thin coat. Each of these collapses up in the summit was accompanied by
very strong earthquakes, some of them up to magnitude 5.5. The shaking was so
bad that it damaged the support pillars for our building that we had to evacuate it
on May 16" and move down to Hilo. For the next couple of months, we operated
out of a classroom at the University of Hawai‘i in Hilo. They were on summer break,
so they weren’t using the classroom.

Now, this summit area was subsiding slowly, first of all in the lava lake area, and
then Halema‘uma‘u, the inner crater itself started to collapse. But that was all
smooth for a time until by mid-May, when it started to get jerky, it’s actually with
collapse episodes. Each of the episodes would create a dust plume, and ultimately
we had to call these collapse explosive events because each one, as it collapsed,
would produce an amount of steam and gas and dust. We had to develop a
protocol for calling in a collapse event. There were 62 of these identified through
the 3 months collapse. So, after the first couple of weeks, these collapses stopped
producing these very high plumes, and basically it was just dust shaken up by the
collapse. Each collapse dropped maybe 3 to 5 meters into the crater, but it
produced low dust clouds after that.

And the model that we came up with was, to start off with, the magma chamber
beneath the summit was fully charged, sort of pushing up spreading the summit
area. It started to drain, and the surface area started to collapse around the
conduit, but it still hadn’t blocked the conduit. So, gas continued to sort of collect
up at the summit and then blast debris out of the open vent here. As the collapse
got broader, more debris came in and actually cocked off that open vent. That's
where the big dust plumes, the very high dust plumes stopped happening and we
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had broader collapse events that just generated dust around the edges. That's
what it did until the end.

So, here is a time lapse video. It's a one frame for every day of the summit area.
Again, this is Halema‘uma‘u. It's about a kilometer in diameter. There is the lava
lake receding. It started to collapse. Halema‘uma‘u was collapsed. Again now the
larger area, it started to fall again.

The collapse ended up being half as large as the summit crater itself. Now, at the
east rift zone, there was a significant change in the temperature of the lava and
the fluid dust of the lava that came out, and so we had some huge lava flows.
Probably the most prominent one was a reactivation of one the earlier fissures,
fissure 8. The temperatures increased. The discharges from fissure 8 almost right
from the start was about 100 cubic meters per second, which is a very high
eruption rate for Hawaiian volcanos. It formed a perched channel, which means
that, like when I was describing around the lava lake, as it overflowed and built up
the edges, this lava channel also overflowed and built up its edges to the point
that it didn’t overflow anymore. Then along with fissure 8 opening up, the sulfur
dioxide emissions sky rocketed up to greater than 50,000 tons per day. That was
higher than we could measure with our instruments and about 5 or 6 times higher
than we've ever experienced to that point in the eruption of Kilauea.

So, this is what fissure 8 looked like almost from when it started. Fountains up 20
or 30 meters producing a lot of lava, 100 cubic meters per second going down this
channel. Here’s fissure 8 starting, lava reached the ocean in about a week. But it
moved fairly quickly early on. The blue lines here are calculated steepest descent
lines. These all volcanos, especially these active ones are so - the surfaces are so
new that there is no erosion in them. There're no extremes channels. When rain
falls on that surface, it's porous and the rainfall just gets percolated out into the
ground. So, to determine what is actually the most likely path for a fluid like lava
to go, we calculate these lines. And as you can see I hope, these lava flows all
kind of flowing along those lines. So, it turned out to be very helpful indicator of
where lava flows will go.

Again, here is one of the thermal images as the lava flow got closer to the coast
line. It also started to spread out. A week later, lava went into the ocean, but
right in the middle of a fairly dense subdivision, vacation homes, small plots, small
houses, but there were about 500 or 600 homes clustered in and round this bay.
It was a very idyllic spot.
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So, this is just a videos clip of what channel system looks like. It was really
extraordinary. This is the fissure 8 vent. These numbers down here, if you can
read them, are rough progression of what the channel rifts are, as we go down the
rift. So, the 420 meter thickest part is right just off the frame here.

There is the geothermal plant now isolated by this lava flow. This lava flow also
cut off two different highways, isolating several people. Many of these small
islands actually moved. They’re being dragged down straight by the lava. But you
can see it in a quick video like. You have to do a time-lapse to see that motion.
It's really beautiful to look at, but then you have to consider the plight of these
people. A lot of rather small ranches in this area, some agriculture. So, at this
point, lava flow has actually claimed many more homes. All of the homes were
ultimately destroyed in Kapoho, except for three on this side. But their access was
cut off. They had to develop new ways to get in there.

This is what that looks like in map view. This broad lava delta extends out a couple
of hundred meters from the old shore line. The bay has completely filled up. And
once this developed, rather than flowing over this, lava tentatively diverted around
and around the edges. So, the active part of it kept advancing to the south.
Ahalanui Beach Park here was purchased with emergency fronts to replace the
beach park that have been covered by lava in 1990. It got covered here, and the
edges of largest stop before this small boat ramp. Ahalanui was right about here.
Here is the boat ramp. So, this entry - of course, lava tourism is going on the
entire time. The 35-year eruption really fostered a lot of startup tour businesses
around sea lava, either by hiking and by flying helicopter wise, air tourists or by
boat. When it was going into the ocean, people would pay a fairly large sum to be
on a boat looking at that lava going into the ocean. During this eruption, there
were a number of injuries caused by the eruption mostly by - all by people not
paying attention to what dangers we were trying to describe to them. Some
examples of our boat tours, they run to these active entries.

But on July 16, they stopped being as passive as they used to be and it started
getting very explosive. This is the lava tour boat that wasn’t affected, but they
decided to leave right after this started. You can see how big these explosions
were, how broad the base. You could image what happens if you're in that when
it starts. Unfortunately, there was a boat nearby when the explosion started. A
lava bomb from that explosion went through the roof and landed in the lap of a
woman sitting there, broke her hip bone, I believe, and maybe thighbone. All 23
passengers were injured to some extent. All went to seek medical services of
various kinds. But this person, we believe he went in closer than he’s permitted,
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and the Coast Guard is still investigating and assessing, and the Coast Guard has
jurisdiction offshore. We don’t know the answer yet. But he was back in business
2 days later running boat tourists out there, and that’s a very lucrative when there
is lava going into the ocean.

One video - well, we were doing almost continuous hazard assessments. We
produced several documents for the emergency managers to get an idea of what
might happen in the next few weeks. For example, that lava channel, this is the
fissure 8 vent the lava channel, moving at 20 to 30 kilometers per hour up in this
part, 100 cubic meters per second of lava going through the tube. What happens
if this channel, which is parched about 20-25 meters above the ground, what
happens if that fails? Where will the lava go? Well, it’s going to go into these
houses for sure, but these houses are evacuated. How far is it going to go? So,
we had to develop these drainage area around those blue lines I showed you earlier,
and through that we developed three different scenarios for breach of those lava
channel. One of the flows are going to the south, roughly where they did before.
If there was a breach in this area, it would go back up through. There is another
subdivision here towards the ocean, just narrowly missing of this other subdivision.
If there was a breach down in this area, the lava flows will go out heading this
mostly farm and agricultural lots.

On August 5™, fissure 8 stopped its high eruption rate — eruption. The channel
was emptied. Afterwards, we measured the depth of the channel and it was about
9 meters with a huge amount of lava moving through that. We used drone images
to construct a three-dimensional image of the lava flow field to get lava flow
thickness, and the thickness to areas are colored in red, greater than 55 meters
thick. These are the offshore area, so the base of these lava flows is the ocean
modem in that area. But there is also a patch here and it’s fairly thick up to 50
meters or so. It's reconstructing and reopening this highway, the county had
trouble getting through this area because the flows were still too hot to lay asphalt,
and they had to do that.

So, just before and after photo, this is what the summit look like pre 2018. Here’s
the lava lake. Halema‘uma‘u crater, which is about a kilometer in diameter, and
the HVO building right up here on the rim. Mauna Loa is back here. Here is what
it look like now. HVO is there on the crater rim and the clouds back here.

So, these are time-lapse of radar images of the collapse. Like I said, mostly

Halema‘uma'u, it starts to get bigger and bigger here. Here's the lava lake. It
collapses - Halema‘uma‘u was collapsing. It starts to get bigger and bigger. So,
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how deep it was the collapse? Well, if we draw a cross section through that part
of the crater, you can see that - this was in April of 2018. The Halema‘uma'u itself
was a lake about 85 meters deep from the rim. The present crater, which we're
also calling Halema‘uma‘u, is more than 500 meters deep, and from the rim here
to the bottom, it’s over 600 meters deep. I looked it up on Wikipedia what the
highest structure in Tokyo is and this Tokyo’s Skytree Tower is 634 meters. The
Sky Tower is a little bit taller than the new Halema‘uma'u is deep.

We were connecting with media. When we had so many media requests for live
interviews and things, we did what we could. Well, we couldn’t do them all. We
also did daily phone conferences. So, anybody around the world could dial into
this number for an hour, listen to summaries of the activity and ask questions. It
had one big advantage in that questions were only asked once during the hour. It
was most efficient way to do things for us.

Then, we also had a contingent of staff numbers that attended a weekly meeting
set up by the county emergency managers, and this was right in the affected area,
a local high school cafeteria. Very well attended, of course. A lot of people were
very concerned about what was happening. The country also provided expertise
about the relief, loans and things like that. Our staff is usually in the back with
maps and publications that they used to help the public try to understand. Now,
this is all in addition to what we normally do to try to keep the public educated.
We publish a weekly article in our local newspaper that’s usually picked up by other
news media, explaining various aspects of our volcanos. And it also has an update
or weekly update of all volcanos in Hawaii. We also do a series of public lectures
in the January month of every year, we call it, Volcano Awareness Month. And we
moved the lecture circuit around the island because the island is very large. The
concerns are actually different in different parts of the island. Some areas are
more concerned about the effects of volcanic gas.

Others are, like the Lower East Rift Zone area, and more interested in the effects
of lava flows and what can be done with them. One of our newer staff number is
trying to explain the eruption. So, this suggests what we do. And realizing now
that just focusing on webpage, updating webpage and Internet communications
through webpages is already kind of old fashioned, but we did it anyway. We've
posted daily updates, text updates with maps. We’ve posted very frequent photos
and videos showing different aspects of the eruptions and people why not
necessarily be able to witness daily maps. The maps, the production of the maps
was kind of interesting. This was the first time we used satellite images for
mapping. Normally we would have a field geologist walk around it with a hand-
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held GPS using his track measurements to map the outlines, but we were able to
utilize a fairly frequent satellite imagery to do the daily updates. Usually they do
them over night. We get them in the morning and pass them on.

We had a near real-time webpage for earthquakes. You can query this individual
earthquakes, find of where the people felt them and how widely did they feel them,
near real-time geophysical instrumentation about how the subsidence is going,
how the spreading down in the Lower East Rift Zone is going. There is a great
website about sulfur dioxide or volcanic gas emissions of various kinds and health
effects. So, this is hosted by the International Volcanic Health Hazard Network,
IVHHN, and vog Waring. They have a special Vog Dashboard, to answer all of your
questions about sulfur dioxide emissions and the effects on crops, humans,
etcetera. There is also a forecasting of Vog concentration and sulfur dioxide
concentrations, update it every hour.

Then, the new thing for us was trying to do all this also through social media. So,
I won't read all of these, but there are number of statistics here and they show
that people’s interest through social media picked up a lot during the event. They
were getting their information mostly through social media. Unfortunately, we
could not handle updating social media ourselves so, we had people from the other
volcano observatories on the mainland doing that updating for us. Many of them
were familiar enough to be able to answer questions or they knew who to ask
anyway.

We got a few minutes left. I'll just show a little history of HVO building. Again,
HVO was here from 1986, when the new building was completed and until about
mid in May 2018 when we evacuated. We moved down to the university for a
couple of months. And then when they wanted their classroom back for classes in
the fall, we had to move to another location, which was the customs house built in
1941. Most of us - it was right at the port of Hilo, so most of us realized early on
that that was in the tsunami evacuation zone. So, we moved from a lava flow
hazard zone 1 area to a tsunami evacuation zone. Earlier this year, we moved out
of this building into the Hilo Iron Works building, which is also in the tsunami
evacuation zone. Notably, the 1946 tsunami that hit Hilo rather hard, Hilo Iron
Works building was there. It was built in 1898. And my office is on the second
floor up here. The tidal wave crusted it about 10 or 11 meters above the ground,
right in the middle of the second floor. We'll probably be here for the next 5 years.

So, what does HVO look like maybe in 2025? Current plans offer a new office
building in Hilo, but on a highest part of what is now the University of Hilo campus,
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and we’ll also have some much small field station within Hawaii Volcanoes National
Park, which is around the summit area.

The eruption has basically been inactive since mid of September. But in late July,
while we were having lidar flown of all these effected areas, the pilot noticed a
small greenish patch down at the bottom of Halema‘uma‘u. This was taken, I guess,
earlier in November, when the link was quite a bit bigger. A water lake is
developing down in the bottom of this new Halema‘uma‘u crater, and its surface is
rising at about 1 meter per week. So, at this point, it’'s about 25 meters deep. It
hasn’t slowed since July 25%, when it was first noticed. So, it continues to increase
the depth at about 1 meter a week. We have quite a few images with very high
zoom cameras. Recently, we were able to sample it with a drone. We had to go
through a fairly extensive permitting process with the National Park Service. But
here is video of that sampling mission, a close-up of the lake. It's rather hot, 70
to 80°C usually. There is the drone right there. It's actually a fairly large drone.
So, it gives you the idea of the dimensions here. It's about 140 meters long by 70
meters or so wide.

From the sample we were able to determine that the pH of the lake is 4.2. If you
plot the pH of all other water lakes in volcanos, in active volcanos, 4.2 is right in
the middle. They are much more popular pHs for lava lake - for volcano crater
lakes and ours is half way between the two. It has a very high content of sulfate.
I think it’s about 50,000 milligrams per liter or sulfate. So, we think that this water
is simply an expression of the whole water table that covers the summit area. And
that the sulfate is coming from basically sulfur dioxide gas that’s been percolated
through the lake, sulfur dioxide is soluble in water. And so the water - waters
ends are scrubbing a lot of this SO, out.

Finally, I present to you the current staff of the Hawaiian Volcano Observatory.
It's about a 30, a little over 30 folks at this point. We're all done with the eruption,
that's why we’re all smiling.

Thank you for your attention.
Moderator
Doctor, thank you very much. So, if you have any questions from the floor,

anything, any questions from the floor? No, no particular - oh, yes.
Questioner
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Thank you very much for your wonderful presentation. Now, using the social
media to send information and all to gather information, I believe that electricity
was very valuable. Were you able to have electricity? Despite the volcanic
activities, were you able to secure?

James Kauahikaua
So, my wife is going to tell me what you said.

Interpreter (Jeri Gertz)
She wants to know if you had electricity during all those events.

James Kauahikaua

Did we have electricity during the event? Yes, we did in Hilo. The geothermal
plant generates about 30% of the electricity for the entire island. I was actually
very proud of our electric utility. Because when the geothermal plant came online
and started taking over a larger, larger portion of the power generation, I was
worried that the electric utility would retire the older-generation equipment and
disassemble it. But they were smarter than that. They kept it, and so when we
lost the 30% of power from geothermal, the electric utility brought back the old
generators, which were mostly fossil fuel types. So, while the electricity was
affected right in the immediate eruption area, in the rest of the island it was
unaffected.

Moderator
Thank you very much. Any other question?

Questioner

With 30 plus staff of yours, and HVO there are almost 30 staff. But you had three
shifts. To work for 24 hours 3shifts for a week, in order to do the observation I
believe you need to have 90 people. So, at what point did you — were you able to
increase the number of your staff? At what point did you increase the number
invited them to come to Hawaii to work with you?

Interpreter
This is a math question - about math. You have 30 people in HVO. But if you do
the math for 24 hours a day, at what point were you able to increase the staff ?

James Kauahikaua

Checking upon me. Yes, so I forgot to mention that the job of doing the 24/7 and
other things was basically impossible for this number of people to do for very long
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anyway. So, probably within 2 weeks, we brought in a number of people. I think
the total number of people involved, including the drone crews and everything,
approached to 100 people and not all of them stayed the entire time. Many of
them came in for 2-week stretches because they had their own jobs. But we were
trying to stay safe and keep everybody more rested and all that. So, yeah, thank
you for that question.

Moderator
Any other question? Yeah, one more.

Questioner

Thank you very much for your wonderful presentation. You talked about the
explanation to the residents or community and you said that the military
emergency personal did all the explanation to the residents. And is this a norm?
Is this a standard measure or does it differ according to the situation or according
to the community?

James Kauahikaua

You question is about how civil defense communicate to the community? They
also have a website. So, normally when we post something, they either post it or
they - like, well, for the text updates, we put out about hazards or whatever, they
would put that up. But they also had other sections about what’s being evacuated,
where the shelters are, that sort of thing. So, with the communities directly
affected and where their resource are. There was a shelter in a community center
and then the county set up little offices for people who wanted to say it, "Well, I
lost my home, what can the county do for me?” or whatever. And all that
information was there too, phone numbers that you might want to call for help or
that kind of thing. But they also had one of those mass calling systems, where if
you get registered for these types of notices, and there were something of
immediate importance, they would call your cellphone directly with a text message
saying all those in Leilani Estates mandatory evacuation, that kind of thing.

Then, they also were doing media, but most people are surprised to learn that the
Hawaii County is still with defense. Even though they deal with all the entire range
of natural hazards, there are only four people who work there. So, once they are
mobilized to work on an event like this, they don’t have anybody to do media. So,
we were able to get them to participate with us and some of the media briefings
in those community meeting. But they probably didn’t have the same presence
like in social media or whatever that we did. That’s unfortunate. I think we should
probably work better jointly at that.
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Moderator
So, no other questions? We like to move on to next. Doctor, thank you very
much. Doctor, thank you very much.

The next presentation comes from Mr. Nobuhiro Kikushima from Kanagawa
prefecture, Hakone town. He is the Director of Crisis Management at Department
of Disaster Prevention. The lecture is entitled ‘Responses and Countermeasures
for the Small-scale Phreatic Eruption Occurred at Hakone Volcano in 2015".
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Response and Countermeasures for the Small-scale Phreatic Eruption Occurred at Hakone Volcano in 2015

Nobuhiro Kikushima

Good afternoon. I come from Hakone town all the way - well, not really that far
away. But this is the last lecture of the day and what I want to tell you is, well,
who come to listen to lectures — I am sorry if I am rather biased, it seems that the
last lecture is the one people are really concentrating on. So, I thought that I
should be well prepared. I am not going to say anything difficult. So, please relax
and I hope you listen and enjoy it.

I'd like to talk about the incident in 2015, that's 4 years ago - 4.5 years ago
actually. There was a small-scale phreatic eruption at Hakone Mountain. I'd like to
talk about what we did then and how we took measures after that.

Hakone is a very well-known tourist site. Therefore, I have to introduce you to
the Hakone area. Hakone town is in the southwestern part of Kanagawa and it's
about 80 kilometers away, about an hour away by car from Tokyo. Even if you
take a train, it takes about an hour and a half. You can have day trips or you can
stay here. About 20 million people come to Hakone town in a year. It is an
international tourist destination. There are a lot of attractions in the area. Most
of the town falls within the Fuji-Hakone-Izu National Park. Also, the Ashinoko Lake
actually will show beautiful reflections of Mount Fuji. If you go up to mountains,
you will see scenes like this.

Of course, hot spring spa. In this area also you have a lot of hot springs, but
Hakone, there are 17 hot springs. You can travel around Hakone and enjoy the
various types of hot springs.

We have a long history in this area. We have these wooden mosaics or parquetry.
This is a craftsmanship. We also have these cultural assets. These are some
gateposts coming into the Hakone area, and we are celebrating an anniversary
here. There is reenactment of Daimyo or Feudal Lord's Procession, and so we
show these historical processions as a reenactment. We also have a lot of
accommodations, recreation facilities.

This is also another characteristic. We have this mountain climbing train. Well,
actually, because of the recent typhoon, this operation has been suspended. But
we believe that next year in autumn, it will re-operate it. We have these pleasure
ships, ropeways, trains, and they are all connects. So, you can travel by train
from Hakone-Yumoto. Then you get on a cable car and then you go to the ropeway,
and then you travel by ship. There is this golden route that goes around the
Hakone area. So, you can enjoy the Hakone area with these different rides.
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Now, I will be talking about - well, this is Hakone town, the rather shaded part in
the map. The town is inside a caldera. Owakudani is indicated in red here in the
middle. Kamiyama is the highest mountain. On the north side of Kamiyama, right
in the center of Hakone, we are in the central cone of the Hakone Mountain. And
4.5 years ago, we had a small eruption and we had to deal with it. Very fortunately,
no major damage, but there were a lot of lessons we learnt from this incident. So,
that’s what I'd like to talk about today.

This is Owakudani. Over Owakudani we have this ropeway. You can view
Owakudani area. This is Kanmuridake Mountain. This is a lava dome that was
created in an eruption that occurred about 3000 years ago. Then on the northern
side of that you see this fumarole gas coming out. There is an observation deck
here. So, people can come here to see the gas coming out of the ground, like this.
This is one of the scenic sites in Hakone.

Some recent - a very recent observations. Observations started about 20 years
ago, and within the 20 years already, there were five unrests. This year also there
was the sixth unrest, just five rather major unrests as well as seismic swarms. In
2001, that was the biggest one, and there were more than 4000 earthquakes. We
didn’t have the volcanic alert levels yet, and there was no eruption even if there
were earthquakes. Many people just enjoyed the scenes and just said, “"Oh, it was
shaking.” Now we have alert level and some areas are off limit. Maybe we were
lucky back in 2001.

Now, the 2015 phreatic eruption. I'd like to first look at how the events took place.
First, the information came April 27™. In Kanagawa prefecture, we have the Hot
Springs Research Institute, and they started saying that the inflation of the
mountain has been observed and that information came into us. Also, some
earthquake swarms were observed, and that was the first information that came
in.

Then, on the next day, I believe now it’s called - the nhame has changed since then,
but back then it was called Hakone Volcanic Disaster Management Council. They
gathered together and decided to warn the residents. Of course, back then we
didn’t have any manuals on how to respond to the situation, but initially we just
focused on trying to call out alert. Also, we do have this manual for evacuation.
So, we did have training on how to communicate information, and therefore, we
decided that we should discuss on how to respond if anything happens. However,
if you look at these dates, Japanese people will understand that it’s just before or
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just about the start of a week long holiday season. Even if we send of warning, if
travelers have decided to travel to this area, they would not stop. It's called the
golden week holidays and it's one of the tops seasons for the tourist destinations.
We have many more visitors than usual.

Then on May 37, the steam wells. Steam wells, they are facilities to create hot
spring water and there are vents or smoke tanks to vent out the fumarolic gas.
There was blow out from there, which indicated danger. Therefore, in Owakudani,
because we didn’t have any facilities where people can evacuate to, we only have
these hiking courses or nature study courses which is out in the open air. So, we
decided to close these sections and make it off limits. Also, from the next day
onwards, the volcanic explanation information has been issued from JMA.

Now, based on the manual for evacuation, so these circled areas. This is an area
where we have these ropeway stations as well as souvenir stores and 440 meters
times 500 meters or so, this is the circle, and this is the assumed crater. So, when
the alert level went to 2, this area will be off limits. Then once an eruption does
occur, the level will be increased to 3. Therefore, the no-enter zone will be spread
wider to this blue circle area.

Now, May 5%, the earthquake epicenters have become shallower, and therefore,
we decided that we needed to respond. Then the alert level was raised. . This is
the road, the prefectural road 734. We decided to close off this section and also
the ropeways suspended operation. So, no tourists were able to enter this area
now. But the eruption hasn't occurred yet. Therefore, many people wondered
why it was being closed and therefore we had to explain. After that, from the
steam wells we have seen some inflation rising up the group and these wells
actually spill out gas that includes sulfur. The sulfur part is taken out and the hot
spring water than has been created using the steam will be fed to the
accommodations in the Hakone area. So, there needs to be cleaning of these
facilities. The facility maintenance people were able to enter this area even if the
tourists were off limit. However, because we’ve seen these inflating ground levels,
we decided that we will make this area off limit to even the maintenance staff. We
went through many meetings to decide on how to deal with the situation.

Then on June 29%, the eruption actually occurred. This was the major blowout,
and this occurred over several days. So, the alert level was raised to 3, meaning
that - this red line here is the prefectural road. This can no longer be passed. You
can't move from the west side to east side. There are some residential homes
here and some businesses were located in this area, meaning that they no longer
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will be able stay there. They needed to evacuate. There were 54 people inside
this area, and we asked them to evacuate.

Next month, based on the disaster management basic act, the town mayor set up
the restriction zones, which will be off limits. Then after that, on September 11%,
2.5 months after the eruption status get calmer and the alert level came down to
level 2. In November, it went down to level 1. So, we expected that we will be
able to resume the operation of the site at Owakudani. The tectonic movement
has subsided, but still we had a higher concentration of volcanic gas. We had to
take some measures towards the next movement. It took us 8 months to resume
the operation and I would like to talk about that later on.

First of all, the site was open 24 hours, and particularly at night time, there were
nobody to watch. So, everyone was free to go in. We decided that we should
have a monitor in place. So, we enhanced the monitoring and we have four
monitor people — monitoring staff and also one person who is responsible for this
and they are making tour inside this site to make sure that all the safety is
guaranteed. The second measure that we took was that when something happens,
we need to alert people and there was no way to communicate that. So, for that
we decided to set up a broadcasting tower together with a speaker. So, we set up
this speaker tower.

Also, in this site, the gas - and also there is a possibility of the damage due to
ballistics. People may not be aware of these and just enjoy it, but we believe that
all the visitors should be aware of these possibilities and then enjoy. We installed
the sign boards to warn the visitors. Particularly, we have so many foreign visitors.
Owakudani, I think more than half of the visitors are from overseas and it's
sometimes really difficult to find people speaking Japanese. So, other than
Japanese, it's maybe difficult to see, but we had the signboards written in English,
Chinese and Korean language and Taiwan language. We set up the signboard
written in various languages so that visitors will understand what they should be
careful about.

This is a large-size screen display. Here we always show how to evacuate people.
For example, in case when there is a gas coming out, we show that on this display.
However, this place has a really high concentration of gas. So, if you just install
a regular television set, it would just go rusted in a month. So, it took us a lot. It
cost us a lot, but we decided to install something that is resistant to the toxic gases.
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These are the areas where we have the tourist facilities and also there is some
pathway for research. Towards the end of this, they serve boiled eggs. If you dip
the egg there, the egg turns totally black, oxidized, and makes it really tasty. So,
you could enjoy the black boiled eggs before 2015. You cannot eat there right
now, so we bring the boiled eggs here to - so that the tourists can enjoy.

Depend on the concentration of the toxic gas, we ask the visitors to sometimes
take shelters inside the building or sometimes get out of the area or evacuate
completely. So, depending on the situation, we automatically warn the visitors
and have the warning broadcasted. Also, we set up the aid stations for people
who feel sick.

In addition - well, that was on the hardware aspect, but on the software aspect,
well, we set up the evacuation guiding manual and we are thinking about the three-
staged evacuation. First of all, in Owakudani, the open spaces are like this, but
there are some facilities which people can take shelter. For example, the station
for the ropeway, and we also have souvenir buildings. This is toilet. So, in total,
these can accommodate 3000 people. The number of visitors at maximum will not
exceed 3000 at any given moment. I think it is enough to accommodate all the
visitors here. The stage one for the evacuation when there is eruption or high
concentration of gas, we urge people to take shelter inside building. The
monitoring staff and all the staff members of the souvenir shops will guide people
and escort people. We are doing the drill every year. So, first, the visitors will
take shelters inside building. Well, we don’'t know how long it will take.

It could hours or it could take days, but the next step is the secondary stage.
Using the vehicles, we have the visitors go out of this area. Then after that, beyond
that, the visitors will just go home and the residents will also may have to evacuate
to further area. These are the three stages that we are thinking about in guiding
the evacuation. Then this is the drill of the evacuation. The customers are there
during the day time. So, usually we make - we do these drills in early in the
morning or after they have left. This is the place for the monitoring staff. This is
souvenir shop, and the employees of these souvenir shops escorted the customers.
This is the station for the ropeway.

These are methods. Once they take shelters inside building, when have to go
outside from the site, those who have come with the tourist bus, they use that.
Also, there are some private vehicles. So, they utilize that. For the special cases,
people who need special care, we may use the vehicles of the police and others.
Especially when we have ash falls just as in case of Kagoshima, ash falls make it
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difficult for the vehicles to move. If there are any special vehicles that can deal
with it, we will request those. Probably in the worse-case scenario, people have
to walk and move away from this place.

This is towards the end my presentation. Right now, the national government is
trying to lure or make it a goal to have 40 million visitors, inbound visitors.
Especially, we are going to host the Olympic Games next year, and so we want to
increase the number of inbound visitors. This is the ratio of the foreigners visiting
Hakone and we used to have a lot of Asians. But these days, half of them are not
- areas outside of Asia. This is becoming a really international tourist destination,
and so we have to deal with that fact as well. Particularly foreign visitors, they
are people with less experience of the natural disasters. Some of them have never
done any drill, so have never experience earthquake before. In case on sudden
jolt and if everyone starts moving, they get panic easily. Particularly, even though
there are some texts, they may not read it or may not be able to read it. So, we
try to use many pictograms or signs so that they will be able to understand
immediately. Also, if they can do so, I urge them to read the text. Particularly,
the broadcasts are in Japanese. Of course, there are many people who don't
understand Japanese. So, for those people, we want to - we are providing the
text messages, not long one, but with just the gist.

So, I am almost towards the end of my presentation, but Hakone town, the goal
is to be a town filled with peace of mind and hospitality. So, the important thing
is to provide accurate information from the administration and have them
understood by the visitors and then enjoy that. So, tourism and also disaster
prevention should go hand in hand, and that’s what we are trying to do. So, please
visit us without any concerns. Thank you very much.

Moderator
Thank you very much. Any question from the floor?

Questioner

Thank you very much for your wonderful presentation. One biggest question is,
well, sulfur is very known. Hakone is known for its sulfur. And just like in Mount
Fuji, for example, if the visitors are urged to wear helmets and also masks. So,
why don’t you provide WiFi and tell the foreigners? For example, if the mask is
needed, probably — what kind of measures are you trying to take in order to dispel
the concerns of the visitors? Since this is unique to Hakone, do you have any
specific plans in order to dispel the worries of the visitors?

137



Response and Countermeasures for the Small-scale Phreatic Eruption Occurred at Hakone Volcano in 2015

Nobuhiro Kikushima

Right now, our biggest concern or interest is that people who are susceptible to
the volcanic gas, the Japanese or non-Japanese, and some may know that they
are susceptible to volcanic gas but they may come without knowing that there is
a toxic gas. So, they may feel sick and we don’t want that to happen to any
visitors. So, yes, we are warning people or visitors that there is a toxic gas. But
what we are trying to do is that, once - before they reach the Owakudani area,
when they are souvenir shops or other places, we try to tell people, inform people
that there is volcanic gas going out. For example, the business owners of the inns
or the chamber of commerce, and also the tourists’ association, we want to have
the cooperation of all those institutions. And in 600 places, we are right now
creating the small signboard to be posted, so that all the visitors can see those
warnings. Also through — we want to utilize the QR code so that people can make
an access to our homepage. That's the effort that we are doing right now.

Moderator
Thank you very much. Any other question?

Questioner

Thank you very much. This may be little bit off the topic. I love scientific things,
but also love nonscientific things. Especially, Hakone has been known for bears
and monkeys and other animals. There may not be any animal near Owakudani,
but those animals, for example for years, be it dogs or boars, very have highly
sensitive nose. So, they can detect the abnormalities. Sometimes it is said that
they just run away when they detect some precursor of the earthquakes. So, in
case of Hakone, well, did you put there any cases of that and if there were any
examples like that which will notice as a precursor before compared with the
science - scientific detection? And when did those animals came back if they run
away?

Nobuhiro Kikushima

Well, this is a very, very difficult question. So, I can only say that I don’t have the
answer. But in case of this Owakudani and surrounding area, fortunately we don'’t
have much animal. But if we go down, well, yes this is the high season for the
boars or monkey, and so we've - on my way to the office, I see some boars eating
the grass roots and also the moneys approaching the people. But their places are
moving and I don’t know if it has to do with the tectonic movements. And I thought
that this is very new perspective. So, maybe we can incorporate that as a new
topic for research and study. Thank you very much.
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Questioner

Thank you very much for the interesting presentation. I have just one question.
So, when the alert level was raised to level 3, business and some resident had to
be evacuated, you said. But because there are so many people in the area,
including tourists, it may be very difficult to evacuate people. So, was it easy to
evacuate these people? And people who are right outside of these exclusion zones,
I believe these people would have been very worried and anxious. Did you provide
any information during this period? Was there any special communication that
you have provided to people close to the no-entry zones?

Nobuhiro Kikushima

So, as you said, the residents and businesses, there was one here, there were two
hotels over here. There is nobody here now. And over here, this was the biggest
problem. It may look like a small place, but this is actually vacation housing area.
It's difficult to see, but vacation area extends outside of the restriction zone and
just one part of it is within this area. So, people outside of this circle did not have
to evacuate, but in order to go into this area, you have to drive through this
prefectural road. This was the first for us, so we decided that we will keep this
area also off limits. Yes, as you say, some people objected. Some people said
that we were preventing them from doing their business or they ask for
compensation if they are going to be forced to evacuate. But we try to convince
them saying that safety must come first, and I believe they understood us. But
there were some problems. I believe it’s all about explaining and trying to convince
them honestly, and so we had to deal with them individually. If they didn’t
understand or - of course not leaving in the area is not going to be something that
will be penalized. But then if they decided to stay there, I believe as the town, we
will have to decide on how to support them if they are going remain in the area.

Moderator

So, thank you very much for that. It is already time. So, I'd like to end this
section here. Thank you very much. And we are 5 minutes behind schedule, but
let us take a break and let us restart from 3:20. So, 15-minute break.

(Coffee Break)
Moderator

Let us begin the second session of the afternoon. We have a panel discussion now
on how to achieve effective risk communication.
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We have all the presenters from today’s sessions as well as Mr. Kazuki Ito, JMA
Earthquake and Volcano Department, Volcano section. The coordinator of this
panel discussion is Prof. Toshitsugu Fujii, the director of MFRI.
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Panel Discussion

Toshitsugu Fujii

This is the last session of today’s symposium. The time is limited, but we will talk
about the Volcanic Eruption and Risk Communication. We have an additional
person, Mr. Kazuki Ito from JMA in addition to all the presenters from today’s
symposium. I am sure that you remember all the presenters, so I would first like
to ask Mr. Ito to introduce himself as well to talk about what JMA is trying to do
on risk communication. Then, I will moderate the panel discussion. I'll give the
background information and the future direction. Mr. Ito, the floor is yours.

Kazuki Ito

Once again, I am Kazuki Ito from the JMA. I am in the Earthquake and Volcanic
Department. So, because of limited time, I would like to explain about what we
do during the crisis or natural disaster.

First of all, this is just briefly the active volcanos in Japan. We have 111 and these
are monitored by four observation centers. And also, out of 111; 50 volcanos are
considered that need extra care. So, we always provide the monitoring 24 hours
a day.

Briefly, this is the operation of each center. At each center, they have observation
centers. They have the seismometer and also the tiltmeter, and GNS. We gather
all the information and do the monitoring. If necessary, we dispatch our staff
members to do the actual monitoring. So, using the daily information, we make
analysis. And if we see any changes in the volcanic activities or see that there is
an imminent eruption, then we have - we provide explanations and also send the
alert to the residents. Together, we do this with the local municipalities and also
through media. Just recently, we used our homepage and also the apps for the
cellphones and all the users can obtain the information. Just recently, I would like
talk about the Volcanic Alert Levels system, which we heard today. This system,
it describes the target areas and actions to be taken by the residents and also by
the local municipalities and it’s divided into five stages.

Now, this volcanic alert level is decided by the Volcanic Disaster Management
Council. Other than the JMA, they are the councils in the local municipalities and
police and fire department, and also we have the experts take part and also have
the businesses such as — operation such as the accommodations to think about
what to do. Base on the past experience, we come up with these scenarios,
possible scenarios, and also the hazard map. Based on the hazard map, we decide
the alert level and also the necessary measures that should be taken. So,
everything is decided through the discussions at the local level and come up with
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the conclusion. So, in case of disaster, we swiftly take necessary measure and
that is the basis. But as we heard today, the volcanic eruption cannot be predicted
100 percent, and although it starts erupting, things do not go as we predict. So,
yes, we need to have plans.

But just coming up with the plans, it is not go itself. Important thing is that we
always in communication with the community and come up with the changes
whenever it is necessary. And try to do the improvement is also important. Also,
we heard from the case of the Sakurajima that all the stakeholders get together
to make discussion. That's also what we are doing. Also, if we talk about the
community, it involves the residents and we just heard from the Colombia,
important thing is that we educate people about the risks of the volcanos, and it
is very important. And that’s what we are to do when we make communications
with the residents.

Also, in case of the disaster and once there are some damages, we need to also
have the communication and I like to explain one case. Now, in case of the actual
eruption, we dispatch the staff members on site and try to provide information
meticulously as much as possible. So that is the communication at the disaster.
For example, we have the photos of the case response at the Moto-Shirane-san
part of Kusatsu Shirane-san eruption in January 2018. So, when people in the
community gather, we try to provide necessary information, for example, about
the weather and also the update of the volcanos.

This is the town office of Kusastsu and which do the briefing to person in-charge
of the disaster prevention and also together with the local municipality people we
do with the media. So, we are also emphasizing our efforts when the monster
disaster happens as well. After the disaster, for example, eruption takes place,
we need to engage in the search efforts and also try to recover the damaged
infrastructure. So, we need to go inside the restricted areas or alert areas. And
in that case, together with the local municipalities, we have to think about
providing special support and also insure the safety of the people who will work,
and whenever somethings happens, we try to provide them with the necessary
information. So, in this way, from a peace time communication, we need to have
the disaster prevention methods and also inform the residents on our efforts. So,
once the disaster takes place, we have to provide the information needed. So,
this is our efforts on the risk communication.

Also, the service for the residents, this is some of the service required for residents.
For example, we provide information to the hikers. Particularly to the hikers,
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unlike the local residents, they don't really know about the mountains that they
are climbing, or sometimes they don’t even know that they are on the active
volcano. So, to them we provide this website and try to provide necessary
information. This is also another emphasis.

For example, on this page, it shows the information about alert level or the past
activities and also other information can be obtained one stop. So, those who do
not know about the risk, I think there are high numbers of hikers who don’t know
about that. We try to educate them that there are some risks. So, we believe this
is also one form of risk communication. Also at our homepage, we also provide
the observation data, so make them public.

The left down is the Mount Fuji of yesterday, just like this. We try to provide really
clear and really understandable information. So, it’s not really a raw data. It's
processed a little bit, but - and this is Sakurajima. So, you can see that, well,
there are frequent earthquake or there are gas coming out. So, probably people
can be more careful from the daily lives and understand what they should be
careful about. So, these are efforts to the hikers and visitor. Of course, as our
operations, important thing is to provide accurate information in a timely manner,
and so for that we have to enhance our monitoring capability. And together with
the university people and stakeholders, we are cooperating, but also this
communication in how to utilize our information and how to utilize them to the
disaster prevention efforts, I think this is also one this that we can play an
important role. So, with the stakeholders and also in the framework of disaster
prevention, we like to enhance communication.

That is all from me. Thank you.

Toshitsugu Fujii

Well, thank you very much for that. So, we have heard about the - I believe we
just heard a determination by the meteorological agency in Japan, which is a main
player of the disaster management data. Minamisawa-san has explained about
what happened in Mount Ontake. That actually changed the disaster management
related to volcanic eruptions and also the JMA has decided to bring in new ways of
monitoring the volcanoes and providing information, as we have just heard from
Mr. Ito. Now, the panel discussion — I will explain why we decided to have this
panel discussion, using some slides.

So, 2 days ago, there was a workshop in Tokyo and we had a panel discussion
there as well. Actually, this is related to the previous panel discussion. I'd like to
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first go through the background. This was provided Dr. Nakada. This looks at the
national volcano disaster risk reduction systems in Japan, United States, Indonesia.
Colombia is not included here. I'm sorry. But Chile, which has a similar structure,
we have that country included.

So, what organization is looking at what part of disaster? So, here in Japan, it's
the Cabinet Office. In the United States, it's FEMA. It's the Federal Emergency
Management Agency. In Italy, it’'s DPC, civil defense department, the same in
Chile. Looking at these organizations, these organizations have exclusive staff.
But the Cabinet Office in Japan, the staff will change and rotate every 2 years. So,
it looks similar; however, the structure is actually very different. Monitoring and
research, you can see that there are national agencies that cover a large part of
these areas in other countries. But we have all these organizations involved in
Japan. The Meteorological Agency is indeed the main one in Japan. And, many
different organizations gather together.

What is lacking in Japan? So, this slide just cites what I've just mentioned. The
meteorological agency is the main player in volcano monitoring and volcano alerts
systems, but it is mainly focusing on geophysical monitoring. So, there is not
much knowledge about what to do when eruption is in progress. And in other
foreign organizations, you would have geophysicists, geologist and others
including geochemistry, but not in Japan. Actually, the meteorological agency will
recruit people who pass the national examination for national public servants,
therefore, you don’t have experts on volcanos entering JMA.

Also, we have the CCPVE or the coordinated committee for prediction of volcanic
eruptions, which is another gather of several organizations. It is a voluntary
organization and it's a part-time committee maybe twice or a three time a year
gather together to advice the Director General of Disaster Management because
JMA has few volcano experts.

Dr. Okada has created this tetrahedron for the natural disaster mitigation. You
have the residents, scientists, mass media and administration. So, you need to
have all these four working together in order to mitigate disaster, which means
communication will be key, or else volcanic disaster management will not be
possible.

And 2 days ago, in the panel discussion, Dr. Nakada said that he focused on what

should be done to between linking the scientists and administrations, and he
showed this chart. We have the volcanologists and then the administration and
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there should be something linking the two. Maybe social scientists and engineers
should link the two. And he asked one social scientist on the floor about that and
that social scientist said, well, that’s out of their realm. So, it means that maybe
volcanologists will have to reach out to administrations. Probably, there will be
discussions on that today here, but in any case these four players need to
communicate well, or else volcano disaster mitigation will not be possible.

Today, we've heard from Dr. Marta during the Nevado del Ruiz. Because of that
tragedy, when Nevado del Huila erupted, a very good response was seen. And
volcano monitoring with Kilauea case usually only have 30 people all of a sudden.
When there was a need, 100 scientists were gathered together so that 24/7
monitoring could become possible, and information used to notify the residents as
well as the administration. That is something that Japan wants to do and Japan
should do, however, we do not have the capability of doing that now.

Now, among this tetrahedron, mass media is lacking today. So, let us just focus
on this part. But, yes, the relationship with the mass media, as Mr. Kikushima
said, it's all about controlling — well, not control, but maybe how to deal with the
media. Or else, as a tourist destination, it may backfire on them. I believe how
to deal with the media, if we do have time, maybe I can come back to ask Mr.
Kikushima to get his input on that point.

So, that’s the background of having this panel discussion. I'd now like to move on
into talking about specific points.

The first one is about Mount Fuji, the volcano. For 300 years, if it has not erupted
and that is that fact, so we lack experience. So, many people may think that it's
not their business. But for 500 years there were no eruptions, but suddenly the
mountain — was it suddenly? Yes, after a 32-hour-or-so seismic activity, suddenly
eruption occurred at Nevado del Huila. So, the risk communication part, we have
heard about that from Dr. Marta. If we can once again ask Dr. Marta to explain
the major points, what were the issues that you face? Because, the mountain has
been inactive for 500 years, it started becoming active all of a sudden, and you
had to tell the resident, you had to convince the local governments, what was the
major problem, if you can please start explaining that.

Marta Lucia Calvache

Okay. Yeah, it's in for volcano monitoring people, volcano hazard evaluation
people, the worse-case scenario is to have, yes, few hours or few days before you
have an eruption. We never thought that Nevado del Huila will have an eruption.
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Of course, we didn’t think what it was with just few days of higher seismicity. So,
at the beginning, we don’t believe it. Yes, you know that the seismicity is
increasing, but you don’t know how close you are from something bigger. At that
time, we have a very good relationship with the people in the region because we
have been for many, many years taking care of the stations. So, there is some
kind of relationship, because people know the people from the volcano observatory
and many times they go to the field with them. So, we become part of the region.
It helps. It helps a lot. They knew about the volcano and they knew about lahars.
In this river, a few - no few, like 20 years before, there was a big earthquake, and
it was the rainy season and we had a lot of landslides and produce what the people
call avalanches. They didn't know the name lahar, they knew about avalanches,
so big-big flows along the river. So, they have a very clear perception of avalanche.

So, when we started to mention that the volcano had the seismicity and few days
before, 2 days before we have this eruption, they were very open and they were
very open to follow the recommendations. The mayor or the city, when he asked
them to - if they listen a siren, they have to evacuate. In general, people didn’t
complain. They agree. They were willing to do it. They work all the time and they
say, “"Okay, we have to do it.” Of course, main problems were that this town was
isolated because most of the breach would destroy. So, they were isolated for
months and months, because the car, there was no possible to go to the town by
car. So, they put some provisional breach and it was possible to go just by kind
of cable to cross the rivers and go to this place. But they have a lot of problems.
I didn't mention, but after the third eruption, they have - they got ash. Just once
they got ash. For them it was the first time that they got ash. They behave very
well with the lahar, a big-big lahar, but they have just no idea what ash was. They
were - it was just a little bit of ash, and they were so confused because of the ash
that it amazed most of the people because they understood and the perception
about lahar was very good. But about ash, like as you see for Sakurajima and for
another places, people just became very well prepared to manage ash, to clear, to
behave in the proper way with ash. But in this community, they never saw about
ash. They were thinking about lahars.

This comes today my - I will mention that communication is very important. Itis
really one of the important things in monitoring, in management or volcanic crisis,
but I think according with our experience that you have to pay attention what are
you communicating. You communicate according with the situation and every
situation is differing. So, perhaps in some places, the most important thing is to
talk about lahars, but in other places, the most important thing is to talk about
ash. Perhaps you cannot - the risk from both of them is different. So, you don’t
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have an equation to communication. You have to be feeling what is necessary in
different places and in different communities, and I will say that the social
scientists, I think they are necessary in this part of the volcanic crisis management.
Because we are just volcanologists, we are geologists, seismologists, physicists,
and we may know somethings, but I think the social scientists know much better
about reactions of people, about perception, about different ways to communicate.

Some people mentioned to us that we are always talking about very bad things
and that we are apocalyptic. We are always talking about big flow, big column,
big earthquake and that - because we are always talking about bad things, people
try to build a kind of protection of a shield. So, they don’t want to listen to us,
because always we don’t have good news, always we are talking about bad news,
and perhaps a social scientist will help how to break that shield that sometimes we
have between our job - the result of our job and the communities. So, I think that
we are learning. In our case, we are learning, and more people, more different
points of view will be better and better, I think.

Toshitsugu Fujii

Thank you very much. Dr. Marta said all the things that we should be thinking
about - in regarding lahar, you already educated the people in the community well,
so they understood lahar very well, but when they experienced fallout volcanic ash,
the people were confused. So, little knowledge can reduce a fear. So, even at
normal times, we need to explain what kind of phenomena could occur in volcanos.
The general public needs to understand various different phenomena and we need
to educate them. We need to give them opportunities to learn about these things.
Two days ago, the social scientists refused our proposal I said, but actually there
are few social scientists in the field of disaster management of volcanos. They
usually are engaged in earthquake or water-related disasters which could occur
repeatedly and frequently. That’s why we don’t have enough social scientists who
are engaged in volcanic disasters which occur infrequently. But as Dr. Marta said,
we need to understand the reactions from public. We need to understand society
in communicating with people. As Dr. Marta said, we usually communicate the
worst-case scenarios to people, but the people might start rejecting our
communication and then we cannot move on to the next step anymore. So, in a
diverse group of people, we must think about how and what to communicate to
people. We have a lot to learn in this area. Social scientists and engineers should
be involved in this communication. I think that’s the takeaway from this case.

In case of Mount Huila, the eruption occurred right after the seismic activity. But
in case of Karangetang, the unrest started in 2016, and the eruption occurred 2
years later in 2018.
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So, Dr. Supriyati, I'd like ask next question. There was a long respect, but after
the seismic activity started, eruption followed 2 years later. So, how did you
communicate to people in the areas? Because, people were not sure when the
eruption would occur, but then everyone knew that the activity was becoming
more active and active, so I am sure that people were quite concerned about what
was happening. So, how did you communicate to people in that 2-year period?

Supriyati Andreastuti

Karangetang is very unique because the activity is continuous and some people
there bit experienced about the previous eruption. We have 4 died because of the
eruption, and yeah, we learnt that they need to know why they run to the wrong
way. So, when we order evacuation and they run to the wrong way and also
because the topography is very irregular and some of them used motorcycle to
evacuate. Butin panic, sometime the motorcycle doesn’t work and also once they
thought that the pyroclastic flow is in certain direction, but actually that’s in
another direction. After that event, then we went there to do socialization, as I
mentioned in the presentation, that we ask them to involve in the field I with my
colleague asked them to do evacuation along the way, follow the path before and
then identify the risk what they see.

After they follow the evacuation route, so we assumed there is a evacuation
scenario and after the alert level announced, we should evacuate, and then they
evacuate. But at that time, we said that we need to know what you can observe
along the way, because when we talk about the risk, sometimes they do not quite
understand. But when you evacuate by yourself and you can feel the road that is
not easy to follow and then also the traffic jam, and we also said that we should
be careful when doing evacuation because there will be traffic, so what you will
see and decide. At that time, they are not comfortable because of this exercise.
And after reach the evacuation place, they said that we have problem with the
traffic and we crash each other and we couldn’t see where is the place to stay, the
safer place. By that time, we said that what you experienced when you evacuate
along the way with opposite direction. So, they understand that they, “Okay, it
means that I don't go in both directions.” Therefore they started to understand
the evacuation route. The safer place, what do you have in there? Because when
you evacuate to certain place, you need to have facilitation. But when you go
there, it means that people, they want to have the direction and also - say like
facilities, toilet, and then doctor and then many things should be available. So,
when we - during the exercise, they also make a list that I need a doctor, I need
a tent, I need logistic, something like this. So, they make a list by themselves
even not in order, but they understand what they need.
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Finally, by the end of exercise, at least they know what we mean with the exercise,
because when they can identify the risk by themselves, they will understand more
rather than we explain. Because when we explain, sometimes they forget or
sometimes they argue many times, but when we finish our exercise, then they
understand why - when that we inform the alert level, why there is a crisis and
then you said like that. But after the exercise, they came back to the observatory
and they start to watch closely the monitoring system and then we explain to them.
You know, sometime when - in normal time no signal, but suddenly there is big
signal and you need to evacuate. That means that by that time, because of the
tectonic earthquake, so the activity of that volcano also influenced by tectonic
earthquake. That’s why as sudden without warning they need to evacuate. Thank
you.

Toshitsugu Fujii

Thank you very much. So, the difficulty of risk communication, I think, became
very clear. If you order evacuation to ordinary people, to the residents based on
paternalism, sometime it’s really difficult for them to understand and as a result it
might end up not evacuating. So, important thing is to try to logically explain why
they need to evacuate and explain appropriately. People can respond and act
properly after they will notice the risks. So, I think it's important to have drill and
also enhance communication during dormant stage.

Now, up until now, the evacuation or the education of the resident were the focus,
but from the presentations we heard, sometimes there are cases there are no
damages to residents, but the visitors may be involved in disaster, which is the
case of the Mount Ontake eruption.

And Minamisawa-san presented us that on the rescue operations the coordination
- the importance of the coordination by the governmental organizations. And in
order to grasp the actual situation on the ground, what was the biggest trouble for
Nagano prefecture? What should be done in order to avoid all the troubles that
you face at Ontake incident? Anything that we can learn from your experience?

Osamu Minamisawa

As I talked today, Mount Ontake within the 4 kilometers from the crater, there are
no residents. There are just some huts. So, there are only climbers or hikers
there. Also, if you have a registration of the climbing, we can have a good grasp
of who is in the mountain. But up until the seventh height, you can go with the
vehicle, so it is a place where even the children - small children can go. That
resulted in that small children were included in victims of Ontake disaster. There
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were no applications or registration from there. In many places, they make it as
a law to submit the registration and also some local municipalities. They provide
some app so that to tell the local authority that now they have entered mountain.
I think Otaki village had started something like that.

So, the biggest thing was that - the trouble was that gathering information. It was
really hard. The police set up a hotline and we try to get information from those
who seek to have the acquaintances visiting the Ontake, so we may call to them
one by one. Also, the entrance, their vehicles, so we try to identify the owners of
the car and try to understand who are in the mountains.

So, in the Mount Ontake case, within the council we set a lot a lot of signs. We
also called upon climbers to register that they are going into the mountains. There
were some patrols going out in order to call upon the climbers and alert them. So,
we are trying to devise measures so that we better make the climber aware, so
that we can get information about them.

Toshitsugu Fujii

Now, since Mount Ontake, I do understand that many measures have been taken.
During the Mount Ontake eruption, I believe several hundreds were up on the
mount, but if something happens during the summer climbing season on Mount
Fuji, about 4000 people will up climbing the mountain or somewhere along the
slope. Can we really grasp information about all these climbers? There are a lot
of ways devised in order to capture information about all the climbers, however, it
seems quite difficult. So, in disaster management, this may be an issue that
related municipalities and organizations will have to work hard on.

We have the risk communication for the general community, for the residents,
because you know who they are. However, when it comes to these climbers, the
tourists, we don’t know who we will be communicating to. We may need to use
the media. Today, unfortunately we don’t have people from the media here, so I
don’t think we can continue on this track of discussion, but I believe - related
municipalities will have to think about how you can capture the attention of visitors,
the tourists, the climbers.

Now, Kikushima-san, you have actually faced an eruption situation in tourism or
tourist destination. So, what were the difficulties that you faced? What would you
think should have been in place so that it made things easier? So, what would be
the communication link between tourist business and related authorities?
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Nobuhiro Kikushima

The businesses, well, it’s very difficult to lump them up in a group. You have first
the accommodations. The traffic, transportation, restaurants, there are different
sections of business, and each section may differ how they deal with the tourists
and the needs will be different. But one common thing would be that Hakone town,
let’s say, eruption occurred, we first must make sure that accurate information
goes out to all tourists and everybody understand that point.

The 2015 response, and actually this year, in May, the alert level went up to 2,
and just until 2 weeks ago. So, for about 6 months, there were no entry zone set
up and we dealt with the situation in the same way, but the tourists responded
differently from 2015.

So, this time, actually tourism industry thanked us saying that everybody has
learned from the previous experience. So, what happened is that last time when
the first information came in about the small-scale eruption on Hakone Mountain,
that was reported in the media. And people who don't understand the situation
thought that if Mount Hakone is erupting, Hakone altogether was dangerous. We
don’t use the word rumor or reputational damage because that means there is
some perpetrator out there causing damaging. There is nobody out there trying
to miscommunicate. So, we don't use that word. However, there were some
misunderstandings that were spread. So, when the media reported that the
mountain in Hakone has erupted, because the word Hakone was in the report, we
found that our town was empty of tourists. But then after that, even after that if
we say that it’s just in the Owakudani area, it was too late, because people used
social media to tweet and communicate about the situation and therefore
somebody commented on the eruption in Hakone saying that Hakone town is in
this middle of the caldera and there used to be a big mountain like Mount Fuji and
that erupted and the mountain itself blow away, therefore, it means that Hakone
as a whole is dangerous. Some people wrote that comment. That is not correct,
but people who didnt know the situation probably heard that or read that
somewhere and posted that commented and that simply spread. More than
accurate information, false information actual spread quicker probably because it
has a great impact.

At an early stage, we should have communicated the accurate information, the
correct information because the town people didn't know what to communicate
and how to communicate. We’d left it up to the media to report. So, the tourism
industry asked us to do something about that. For this year that incident, because
of the past experience, when the alert level was raised, the town mayor held a
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news conference and at the same time the prefectural governor held a news
conference to say that it is just in a limited area of Hakone. They use maps. This
is Hakone and this is the area where the alert level has been raised. These
drawings and maps were used. The media, of course, they don’t have information.
They want information. They also go do their research and sometimes they want
to report quickly. Sometimes they report based on inaccurate information. This
time we try to communicate better with the media. Last time we have seen tourists
number dropped by 60%, 70%, but this time it didn't drop as much as 20%.
Tourist knew that as long as they stayed out of the danger zone, Hakone is still a
wonderful place to visit, and that's why we were able to improve our response.

Now, typhoon number 19 this year, we had a similar situation. The typhoon hit
some of the hot spa supply facilities. That was the report that went out first.
Actually, this facility management company has been supplying hot spring water
to 400 facilities. That is actually correct. So, suddenly the report said that supply
has stopped in 400 places and it sounded as if there was no more hot spring water
available in Hakone. The media covering this area, they were five newspaper
companies and five television companies, but they communicated with the
authority there. The 400 contacts for supplying hot spring water, actually 40
percent of them were to these vacation houses.

Usually people don't stay there, but - this is a contractor supply. This is contractor
supply hot spring water when people stay in these areas. But 60 percent is for the
hotels and inns, actually only 40 percent of that 60 percent has been affected.
Only 100 out of 400 had a stop in their supply of hot water. We tried to explain
that and that panic also subsided. So, I believe it’s very important that the tourism
industry as well as the municipality need to communicate well. We need to include
tourism into our disaster management plan. Of course, we can't lie to the tourists.
We can’t hide information to the tourist. We don’t want to hide information just
to get tourists into Hakone. We have to tell them what area is safe, what area are
dangerous. I believe it’'s a way to use the mass media so that accurate information
could be sent out in a timely manner, because if that is done, it will reach the
tourists and the reports will be very useful for our industry as well.

Thank you.
Toshitsugu Fujii
Thank you for that. So, we heard about the relationship between the

administration and tourism industry. How to send out the accurate information on
a timely manner, you talked about that. And in Hawaii as well, in 2018, Kilauea
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volcano eruption occurred and just a small part of Kilauea was affected. The
eruption itself was quite big, but the impacted areas was limited. However, people
may have thought that the entire Hawaii Island was impacted and I heard that the
number of tourists went down significantly because of this information. Was there
any measure taken to tackle this in the US? Can you tell us about that, if any?
And is there any lessons learned from that experience? Any reflections that you
can share with us?

James Kauahikaua

It’s true that over the 35 years prior to the 2018 activity, the tourist industry was
built up quite considerably around the eruption - around the ability to see active
lava. And the when the eruption shifted to the 2018 activity at the summit and
the Lower East Rift Zone, there were a surprising humber of people that didn’t
realize that, for example, the eruption was occurring on a different island than
Waikiki Beach, which is a very big tourist area on another island, and that even if
they did realize it was on the island, they had the impression that it was affecting
the entire island. I have to admit that when we were — when I showed maps and
my presentation, we focused on the areas that were being effected directly and
we didn’t use outlines of the island to show how small the area was that was
directly affected, and that probably would have helped. But when you are in the
middle of a crisis like that and mostly focusing on what people need to know, local
residents primarily, and emergency managers, people that are going to deal with
trying to evacuate people, trying to restore services or at least provide auxiliary
services in other places. I believe that something we could have done better, but
that wasn’t the top thing on our mind.

Toshitsugu Fujii

Thank you very much. So, in just a small part of the tourist spot the eruption
occurs, but this miscommunication occurs and we don’t know what is the most
effective measure to be taken. But as heard on Hakone, the partial area was in
danger and it was effectively communicated. But in some cases, volcanic activity
may increasingly active. We cannot always accurately forecast what’s going to
happen. There are things that we cannot know, but we do have to communicate
that potential and possibility of impact to people. So, that's where we need the
help of social scientist, but we don’t have social scientist today unfortunately. So,
we heard about the disaster that has occurred, but let’s think about the future
potential disaster. Kagoshima city may be facing a large disaster due to the
eruption of Sakurajima in the future, and conducting a large scale evacuation drill
every year. Because Kagoshima is an attractive tourism - tourist spots as well,

169



Panel Discussion

I can expect some negative response from tourist industry for this kind of
evacuation drill. So, was there any resistance from the tourist industry on the
evacuation drills that you are conducting? What can you tell us from your
experience?

Toyoshi Atari

Four years ago, on August 15%, the magma started intrusion and the volcanic alert
level was raised to level 4 for the first time and then the island, a part of the island
needed to be evacuated. So, that’'s what happened. And tourism industry,
especially students take field trips to Kagoshima, but they stopped coming all
together. We all of a sudden made a poster saying that Kagoshima is safe.
However, the tourism industry did not recover so easily. And the following year,
the volcanic alert level 4 was lifted quite quickly and then Sakurajima volcanic alert
level is now level 3, which is a normal level. But the volcanic bomb has reached
2500 meters from the volcanic vent and one this national broadcasting station has
broadcasted, covered this footage of Sakurajima, which was ejecting volcanic
bomb and set that no one can approach the volcano. But within the 2 kilometer
radius from Sakurajima, it’s already an exclusion zone. So, no one was there. But
that was the communication done by the state broadcaster, and because of that
the students stopped taking fields trips to Sakurajima. Earlier I showed you a
video. From the flank of the mountain the eruption was occurring, and I thought
that the tourism industry may be lodging complaints to us. But there was actually
complaint from an assembly member. So, by showing the actual footage to people,
we can communicate to people what is actually happening and it’s quite important
to do so. We need to have people aware of what's happening as they go on with
their lives.

Toshitsugu Fujii

Yes, thank you very much. So, communicating the accurate information is
important. You cannot hide the risks. We need to share the knowledge on volcanic
eruptions.

So, Mr. Atari said that NHK - oh, no, not NHK, a state-run television station. 1
don’t think anyone is here from that TV station. This TV station showed a large
footage of the eruption of Sakurajima. It's related to the eruption alert system of
JMA. When Mount Ontake erupted, JMA knew that people who are hiking on Mount
Ontake could not be saved on time, but JMA needed to raise aware of people on
the volcano before they went into the eruption site without recognizing eruption is
on going. In order to announce the eruption, they have to measure the height of
the plume and it takes 20 minutes to monitor and forecast eruption without this
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new alert system. So, that's why we decided to introduce the eruption alert system.
But in case of Sakurajima, no one can enter the restricted zone of 2km from crater
at any time, and we do not need to expect any climbers in the dangerous zone
even if the explosion happens. So, we do not need to alert the eruption in case of
Sakurajima. However, JMA released eruption alert, and the mass media reacted to
that in a freakish manner, causing the damage for tourism. So Mr. Ito, taking this
opportunity, if you have anything that you can share with us on the forecast
system, we appreciate it.

Kazuki Ito

Yes. After the eruption of Mount Ontake, we started the eruption forecast system.
And when we communicated the potential eruption, we raised the volcanic eruption
alert level, but before that we had to more quickly communicate the potential risk
of eruption, and we have gone through trials and errors. In case of Mount
Sakurajima, we may not have needed the forecast to be communicated. So,
learned from that experience but for those eruptions that we have experienced in
the past, we don’t need to communicate the potential risk. In case the impact
might spread around further, then we have to first communicate the fact that the
eruption has already occurred and then people nearby need to evacuate based on
that information. So, we have changed a standup procedure of communication.
And those who are not in the scope of the risk zone, we don’t have to communicate
on an urgent manner. The forecast information is communicated in a different
manner today based on this new standard. So, we have made improvement based
on our experiences.

Also, important thing is try to provide information that is understandable and let’s
talk about the communication. But we tend to think that just telling the
information is the communication, but I think communication is made up of
dialogue. So, how to use our information would be needed. Also, we need to have
the input from the residents and also the experts. So, we need to improve and
brush-up system.

Toshitsugu Fujii

So, thank you very much. I think you’ve reached the conclusion. So, risk
communication or communication is not something unilateral that JMA tells
something in paternalistic manner, but through dialogue tell something and that
is important. And focus on this, Dr. Marta responded to a question that in the
national level or community or local municipality level, all the people in-charge of
the disaster management and the residents must be engaged in the risk
communication and that is important in mitigating the next disaster. So, having
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the cooperation of the entire stakeholders is important in this tetrahedral. There
are still many issues to be solved, but all the people need to work hard.

Well, it's been an hour or - it’s a little bit over the schedule. I am very sorry that
all the panelists had very little time to self, but I believe that you’ve been able to
communicate what needs to be communication. So, we’d like to end this panel
discussion here.

So, I give it back to the MC.

Moderator

Prof. Fujii and all the panelists, thank you very much. So, with this, we end this
symposium. We have finished all the agenda for today. So, at the end, we will
have - well, yes, please return to your seat. The panelists, please return to your
seats.

Thank you very much.

So, lastly, Deputy Director Shinichi Hajikano of MFRI will make a closing remark
please.
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Shinichi Hajikano

I am Deputy Director of Mount Fuji Research Institute. My name is Hajikano.
Thank you very much for staying with us until the end. Today’s symposium was
titled Volcanic Eruption and Risk Communication. We heard about specific cases
of volcanic eruptions in Japan and overseas, and we once again realized how
important it is to have the clear image of eruptions at normal times and to prepare
for eruptions.

During the panel discussion, the panelists had an active discussion from their point
of view their expertise, and I believe that we had a very productive time. I would
like to take this opportunity to thank all the panelists on behalf of the organizer.
Once again, I would like to express our appreciation to all the guest speakers for
coming all the way to Yamanashi prefecture to give us the lecture and to give us
your insights.

Our research institute is conducting various researches on Mount Fuji preservation
and natural environment as well volcanic disaster management, and we organize
various lecture, seminars, and workshop. We welcome your participation.

In our research institute, we also send researchers to your sites and give lectures
on volcanic disaster mitigation measures. If you are interested, please let us know.

I would like to express our gratitude to all the speakers and the members of the
audience and sincerely hope that we will be making use of what you’ve learned
today during the symposium.

Thank you very much for your attention.

Moderator
Thank you very much. This concludes today’s symposium. Thank you very much
for staying until the end.

I have two announcements. First, I believe you have the questioner sheet. Please
fill out the questionnaire, any requests for future symposia and workshops and the
simultaneous translation device. Please do not take that back home with you.
Please leave the device on the chair. Thank you very much once again.
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Lesson Learnt from Disaster Management in Karangetang Volcano, North Sulawesi,

Indonesia

Supriyati D. Andreastuti

Center for Volcanology and Geological Hazard Mitigation, Indonesia

Karangetang Volcano (1,784 m asl) is included in very active volcano in Indonesia. It is located in Siau
Island, Siau Tagulandang Biaro Regency, North Sulawesi. It is a volcano island in the eastern part of
Indonesia. The volcano has five craters (K I, KII, KIII, KIV and KV), tree craters in the north (KII, KIII,
KV) two craters in the south (KI and KIV). The recent activity started in 2016 from KII, in the north.
When the activity progressed the alert level was raised to Waspada (Advisory/Level II, 16 March 2016).
It became prominent and the alert level was again raised to Siaga (Watch/Level 111, 12 December 2018).
Since 27 November 2018, glowing avalanche occurred and reached 1000m distance to the west to
Sumpihi and Kinali Rivers. In its development of activity, lava flow directed to the north (Malebuhe
River) and reached the sea about 4km from the summit on 5 February 2019. The activity caused 216
people displaced and one village (Batubulan) isolated because the only road to the village was interrupted
by lava flows. Therefore, the only way to approach the village is by sea. On the other hand, geographic
condition, bad weather, and high sea waves caused problem to reach the village in facilitating refugees.
Since July 2019 until now (October 2019), direction of glowing avalanches developed to any direction
from west to southwest to south and to southeast. The activity generated from KI in the south. Currenty,
both KII and KI are active, but KI is more dynamic. From the experience of Karangetang eruptions, we
learnt that strategy and preparation to anticipate eruptions are important. Preparing Disaster
Management Plan, Regular Review and Updated Contingency Plan is fundamental in recognizing and
developing resources and most importantly is filling gap in the needs of disaster management. To support

the plans, coordination and communication between stakeholders are necessary.
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Response to Volcanic Disaster during the 2014 Ontake Eruption

Osamu Minamisawa

Deputy Director-General, Nagano Prefectural Kiso Construction Office

Ontake volcano, which is one of “one-hundred famous mountains in Japan”, and popular among hikers,
erupted at 11:52 a.m. on September 27, 2014 soon after the detection of volcanic tremors at 11:41 a.m.
The eruption occurred on a fine day during a weekend of its peak hiking season with a beautiful view of
red leaves. Many people stayed at the summit area, which is very close to the volcanic vent, at the moment
of the eruption. Nagano Prefecture set up a disaster alert and management center in response to the
eruption and altered it to “Ontake Volcano Disaster Management Headquarters”, which is on the basis
of Japanese Disaster Countermeasure Basic Act. The headquarters required the assistance of national
government and asked the Self-Defense Forces and Fire and Disaster Management Agency to disaster
relief mission. National Government also established Major Disaster Management Headquarters and
On-site Disaster Countermeasures Headquarters on September 28 to promptly make decision on rescue
work. Nagano Prefectural police office and fire department mainly gather disaster information at the
early stage immediately after the eruption. Although many of the information was fragmented, police,
fire fighters, and Sef-Defecne Forces personnel cooperated with each other to conduct rescue work in an
environment of the risk of re-eruptions and poisonous volcanic gases. These cooperative activities were
highly appreciated. The search and rescue activities were conducted during September 27 and October
16. Five people are still missing in spite of an additional activities during July 29 and August 6 in the next

year.
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Our territory Colombia, a place to learn how to live with active volcanoes

Marta Lucia Calvache

Technical Director of Geologic Survey, Colombian Geological Survey

Colombia is the result of the interaction of three main tectonic plates: South American, Nazca and
Caribbean. This tectonic environment defines the characteristics of the territory, related to the formation
of the three mountain ranges present in Colombia and the seismic and volcanic activity of the country.
Colombia has more than 30 volcanoes, that are believed to have had eruptive activity in the last 10,000
years, or so. This presentation emphasizes the experience of Colombia with the eruptions of two snowy
volcanoes: Ruiz and Huila volcanoes. The Nevado del Ruiz volcano is located in the center of the country,
showed signs of reactivation for almost 12 months, before the main eruption, which occurred on
November 13, 1985. At that time, the country did not have volcanic monitoring systems, neither, studies
to assess the volcanic risk. There were stratigraphic studies on the eruptions of the volcano in the
Holocene, but this knowledge did not translate into useful information for decision makers and the
community. Additionally, the area affected by the eruption in the East of the volcano, is located far from
the volcano and their communities did not have a knowledge, nor the perception that the volcano and its
activity represented something dangerous for them. Something similar happened with the decision
makers in the region and the country.

As a consequence of this tragedy, the country organized the Risk Management System, defining
responsibilities, tasks and commitments, both at the governmental, private and community levels, as well
as at the national, regional and local levels.

Unlike the Nevado del Ruiz volcano, in the Nevado del Huila no evidence of eruptions was known in
the last hundreds of thousands of years, although it was known to be an active volcano, due to its
geomorphology, presence of fumaroles, hot springs, this volcano did not seem one of the most active
volcanoes in Colombia. However, in February 2007 and only after less than 48 hours of seismological
evidence, the volcano erupted and a crack opened more than 2 km long, at the top of the volcano. In April
of the same year, the volcano again had a short seismic crisis after which, it had a new eruption, which
opened a second crack in the Northeast-Southwest direction, with this eruption a very large lahar was
generated, which had a great impact on the region, as many sites were held incommunicado due to the
destruction of vehicular and pedestrian bridges. In November 2008, the volcano had a new eruption,
which although it was not very large from the volcanological point of view, generated a large volume lahar,
which affected a very large area but, the loss of human lives was very small, especially when compared to
the tragedy of the Nevado del Ruiz.

Since February 2007, the institutions of the Risk Management System, the community and the
authorities worked together. The community had a clear perception of ‘'avalanches'. The early
information and alerts issued by the SGC, Institution responsible for the study and volcanic monitoring
in Colombia, had a rapid response for evacuation by the authorities and community. With this experience
in mind, it is very important that in the generation of volcanic knowledge and about the activity of the
volcano, the community and decision makers are involved and possibly the best effort is to invest in the

education of children through teachers and the educational programs in schools.
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The Challenge to Zero Victims Even in Large-scale Eruptions

Toyoshi Atari
Chief, Crisis Management Division, Kagoshima City

Kagoshima city, with a population of approximately 600,000, has an active volcano, Sakurajima, and often
experienced ashfalls since the present series of eruptive activities began sixty years ago. The ashfall
forecast including the information on wind directions over Sakurajima volcano is published every day and
utilized in the daily life. Kagoshima city conducts clean-up operations with road sweepers and sprinkler
trucks after ashfalls. The people in Kagoshima city clean up volcanic ash by using heavy-duty plastic bags,
which is provided by city officials for the special use on volcanic ash, and put the bags to designated
collection sites. Kagoshima city also conducts evacuation drills once a year in these fifty years with the
collaboration of polices, self-defense forces, and other stakeholders such as managers of social
infrastructure. Residents in Sakurajima area also develop good relationships with people in potential
destination areas in case of evacuation. In addition, related officials of the national government,
prefecture, cities, JMA and researchers in universities have meetings on volcanic disasters every other
month to enable face-to-face communication and share information. Kagoshima city also signed the
Letter of Intent with Sleman regency, special region of Yogyakarta, Indonesia to enhance
communications for improving countermeasures against volcanic disasters. To promote such policies as
a model city of volcanic disaster prevention, Kagoshima city formulated “Top City Conception of
Volcanic Disaster Prevention” and integrate the abilities of citizens, research facilities, and governmental
officials to contribute to mitigate volcanic disasters. The city also works on disseminating the information

on its activities and increasing the number of involved people.
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The 2018 Kilauea rift eruption and summit collapse and the government response to

the emergency

Jim Kauahikaua and Steve Brantley

US Geological Survey, Hawaiian Volcano Observatory

The 2018 eruption was most complex activity in Kilauea Volcano’s recorded history. The East Rift Zone
(ERZ) erupted 1.2 km? of lava while thousands of earthquakes accompanied episodic subsidence of the
summit caldera totaling 0.825 km?®. Volcanic activity occurred over 3 months at locations 40 km apart and
under two different government agency managements.

At the start of 2018, the Pu‘u ‘O‘6 ERZ eruption continued past its 35-year anniversary and, in

March, the summit lava lake passed its 10-year anniversary. Everything seemed normal.
In mid-March, signs of inflation (magma accumulation) were seen at the Pu‘u ‘O‘0 vent and the Hawaiian
Volcano Observatory (HVO) posted its first warning of possible activity changes there. The summit lava
lake started to rise and ultimately overflowed onto the floor of Halema‘uma‘u crater on April 21
prompting a second HVO warning on April 24.

On April 30, Pu‘u ‘O‘6 crater collapsed followed by evidence of an intrusion advancing eastward
toward the populated lower ERZ (LERZ). On May 1, HVO issued a warning of a possible eruption in
that area. A representative was stationed at Civil Defense headquarters as subsequent data suggested
that the intrusion stalled under the Leilani Estates subdivision. The first fissure opened on May 3 after a
partial evacuation ordered by Hawaii Count Civil Defense. HVO initiated 24/7 crews on the ground in
Leilani Estates. A Mw-6.9 earthquake occurred south of the ERZ on May 4.

Over the next 24 days, a total of 24 fissures erupted expanding the total vent area to about 7 km.
Lava chemistry changed from older, cooler, viscous, stored material to fresh, hotter, less viscous material
identical to what was erupted from Pu‘u ‘O‘6.

Meanwhile at the summit, the lava lake receded and disappeared by May 10 as summit seismicity
increased. Hydromagmatic explosions were anticipated and Hawai‘i Volcanoes National Park closed on
May 11. HVO warned on May 15 that strong explosions may occur at the summit and the next day the
first of several small explosions dusted a limited area with ash. The largest explosive plume reached 8100
m above ground level on May 17.

On May 27, fissure 8 (numbered chronologically) reactivated and erupted lava that advanced 12
km to the northeast and east, entering the ocean on June 3 at Kapoho Bay. The fissure 8 vent erupted
lava at a rate of about 100 m?/s — more voluminous than nearly all known Kilauea eruptions. Ultimately
several hundred homes were destroyed before activity at fissure 8 dramatically decreased on August 4
and ultimately died on September 5.

The floor of Kilauea caldera subsided during the main fissure 8 effusion from the end of May and
August 4. Sixty-two collapse events were characterized by M5.2-5.4 very-long-period seismicity.

Recovery efforts have been slow and are ongoing by both the County government and the
National Park Service. Many LERZ residents want to return to this hazardous area and press for

restoration of pre-eruption conditions while the County is exploring relocation options.
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Response and Countermeasures for the Small-scale Phreatic Eruption Occurred at
Hakone Volcano in 2015

Nobuhiro Kikushima

Director of Crisis Management, Department of Disaster Prevention, Hakone Town, Kanagawa Japan

Hakone town is entirely located within Hakone Caldera. The central cone of the caldera, Kanmurigatake,
is a lava dome formed during the magmatic eruption occurred about 3000 years ago. Fumarolic activities
are significant at the northeastern slope of Kanmurigatake. Although the area is at high risk even today,
it is popular among tourists under the name of Owakudani. We have experienced five active phases at
Owakudani with several years’ intervals in these twenty years or less, during which we have deployed
network of state-of-the-art observation devices. The small-scale phreatic eruptions occurred in 2015 for
the first time in recent years. Human damage was fortunately avoided mainly because a tourist restricted
zone was set soon after the recognition of earthquake swarms. In addition, local officials learned many
lessons from the first response to the volcanic crisis. Since a next eruption may occur abruptly without
any precursors such as earthquake swarms while many tourists stay around a volcanic vent, Hakone town
adopts various countermeasures against eruptions in near future in cooperation with the Japan

Meteorological Agency, a regional government and some other stakeholders to avoid human damage.
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