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Progress and issues
in research on the prediction of phreatic eruptions in Japan

Hiroshi Shimizu (Volcano Research Committee, Chair)
Abstract:

Systematic volcanological investigations in Japan have been conducted since 1974 under
the National Volcano Eruption Prediction Plan, and research efforts have focused mainly on
magmatic eruptions. The 2014 phreatic eruption of Ontake volcano, however, exposed
issues in the forecasting of phreatic eruptions, the observation system and the availability of
trained personnel. This event prompted the MEXT to initiate the Integrated Program for Next
Generation Volcano Research and Human Resource Development in 2016. The current
prediction plan also designates “high-risk, small-scale eruptions” as a priority topic, promoting

cross-disciplinary research on phreatic eruptions.

Within these programs, resistivity imaging, seismic monitoring, and geodetic observations
have been undertaken at volcanoes that recently produced phreatic eruptions. These studies
are progressively clarifying structural and physical characteristics that appear common to
phreatic eruption sites: the presence of a caprock that confines shallow hydrothermal fluids,
seismicity beneath the caprock, and localized pressure sources. Studies on higher-resolution
structural imaging, direct constraints on subsurface properties obtained through drilling, and
comparative studies across many volcanoes are expected to improve assessments of
phreatic eruption potential. Numerical modeling of hydrothermal systems is also expected to

support evaluations of the urgency of eruption.

Understanding the physical setting of phreatic eruptions has also led to new insights for
short-term prediction. Increasing hydrothermal pressure can cause fluids to breach the
caprock and ascend, initiating a phreatic explosion. Tremor accompanied by ground-tilt
changes is generated during this process; and a useful indicator for imminent eruption.
However, tremor with tilt is frequently observed without subsequent eruption. This may
occur when rising fluids are cooled by groundwater above the caprock, suppressing boiling,
which is challenges for improving the accuracy of short-term prediction. In addition, the
interval between the onset of tilt-associated tremor and eruption is often on the order of a
few to ten minutes, posing issues for timely warning, evacuation, and on-site risk reduction

for hikers and other individuals near the crater.
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Advances in Research and Disaster Mitigation Following the
2015 Eruption of Hakone Volcano

Kazutaka Mannen (Hot Springs Research Institute, Kanagawa)
Abstract:

Hakone Volcano had no historical records of eruptions until 2015, although it experienced
periodic earthquake swarms. Temporary observations during the 1959-60 swarm were later
taken over by the Hot Springs Research Institute (HSRI) in 1967, and monitoring was
gradually enhanced. Volcanic activity stayed quiet until 2001, when a major swarm, steam-
well blowouts, and edifice inflation occurred. Since then, unrest has recurred every few years,

and with continued monitoring improvements, the 2015 eruption took place.

The 2015 unrest began with edifice inflation in early April, followed by a blowout of a steam
well on May 3. Thanks to the 2019 Volcano Alert Level system, the May 6 rise to Level 2
closed Owakudani and prevented casualties. This represented major progress compared

with the almost nonexistent administrative response during the 2001 unrest.

The eruption is thought to have been triggered by the activation of a hydrothermal crack.
Analyses of crustal deformation indicate that this crack lies directly beneath the blowout wells
and the fissure vents formed during past eruptions. This suggests that it is a pre-existing
pathway for hydrothermal fluids, and that increased flow during volcanic unrest leads to

steam-well blowouts, crustal deformation, and ultimately an eruption.

Recently, microearthquakes that may originate from this crack have been identified. In
collaboration with Academia Sinica (Taiwan), HSRI plans to begin high-density seismic
observations in spring 2026 to clarify hypocentral characteristics and activity changes. In
addition, independent development of new observation methods, including drone-mounted

electromagnetic surveys and high-frequency gas monitoring, is underway.

Kanagawa Prefecture has invested in monitoring Hakone volcano. However, to ensure
future safety in active fumarolic areas such as Owakudani, investment in more
experimental, research-oriented approaches is essentially important. Over the next decade,
stronger collaboration with domestic and international institutions and the promotion of

competitive research will be needed to enhance safety for visitors and residents.
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Developing the Monitoring System of the Tatun Volcano Group,
Taiwan: Evolution, Challenges, and Future Directions

Ya-Chuan Lai (Taiwan Volcano Observatory - Tatun)
Abstract:

In the past two decades, the Tatun Volcano Group (TVG) has been recognized as active, but
how did it come back from “extinct”? What evidence changed our understanding of this
volcanic field that lies right next to the Taipei metropolitan area? Multidisciplinary studies have
revealed its hidden vitality through frequent shallow earthquakes, mantle-derived helium
isotopic ratios, and seismic imaging showing a magma reservoir beneath the area. These
findings transformed our understanding of the TVG from a dormant relic to an active volcanic

system.

To monitor this awakening volcano, the Taiwan Volcano Observatory (TVO) has developed
an integrated network combining seismic, geodetic, gas, geothermal, and infrasound
observations. Recent deployments of dense nodal arrays and infrasound sensors near
fumarolic areas have provided new insights into shallow hydrothermal activity and degassing.
Yet challenges remain, maintaining long-term monitoring, managing diverse datasets, and
improving real-time interpretation require sustained effort and international collaboration,
particularly in understanding hydrothermal systems and linking surface signals to subsurface
processes. As the TVG continues to show its vitality, the evolution of its monitoring system

will play a central role in advancing scientific discovery, hazard preparedness.

Beyond scientific progress, how can we raise public awareness of volcanoes and their
potential impact on the daily lives? As part of its broader efforts, the TVO has recently
upgraded its public exhibitions, where visitors can explore volcanic phenomena through
engaging, hands-on learning experiences. In addition, TVO actively conducts outreach
programs, including science fair activities, lectures for the general public. In my presentation,
I will also introduce these initiatives, which aim to bridge scientific research with public

awareness in Taiwan.
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KIUGEB OiEFAL (volcanic unrest) X DfERM:, ZDMEICO>WT, T FIch ¢
I IED B HETHERRET 2 2 L 13, AL PSS~ E LIRS 28T L k3,
2=V =V FDANT ZKINTH 227 KKILITIE, 2022 55 2023 FiCH 1T T,
KIEFOEE Y 3 A LT, O KINDERHOEAIIRE 232 FTb b, IFFICKH
FEOWIHEKTH o7z, BE, KOEFELWIHERD, ZoMREICELZ 4 TADPED
L. L DBRESSIN ML o TnW2, =a—Y—F v FOREBHIKERE < 2
GNS Science (¥, BE2ANICHBIOBRE & HF <. B OMERI-CHEIIEENICB T 2 T
WERRL T, FA7=bid, FRCHOFE & 1G22 5] 2 o L 72 KR 1B 3 2 BLING R
%279 FY =y v I TIEL R, KILER L~ (The Volcanic Alert Level) X, 0 (no
unrest) 25 1 (BE D unrest) ~51 & EF o, 2o 2023 FFIC 052 TiFbh
7z

7777 Y (Whakaari), JI%4F74 T4 TV Fid, 22—V =Y FDRL -7 7
Ly T A chiiEd 2 KILETH %, 2019 FOWEKTIE, ZDIRFEIC W72 22 BT L.

540585+ 2E 0HIEL CHERRAE L 72, 2 Dk b /N 22K 28 Wie i I 828 L.

B TH FRRDME KB EL T b, BIFBERAEI N TV 2 20 A OB LA DiHE
IR S 15 23, T A A CHE D KWK BIAR LD N2 I8 %2 MITT B 2005 5, BTE,
B IEBE L v 2 KILBLHIEEER (X7 <L EEAH A 7. BEER, M2z o0 - Tl %
fToTCwd, 207D, BHARNCY ZA7 ZMRINCIEZ 5 2 EBREIC R 252005 5,

Bt oS I, B EICBET 2T FAA ZDIEAH DB L T L ATREM 2SS 5,
Dk, VRAIZDHBEANLZICHN LT, N KETFHZRERT 20TId R, HAEEIT
KL ~ ¢, EE KT Z EOMEN o E T 2Rt % 2Rt rH 5, 25 L7
HREILTLDBIFOARIERE, SRR 2 L IZRL AV, KEEFZEDOT VX
IV EOfTEIERE . AR ilifEELICBE & 2 EHARAE LT 0., & HIc ATAIREC AR
BISEEETAVERAMAT 2 2 LI X o T ERANRERE AR T 5 2 L B3REIC R > TV 5D
LTH B, fHk. KILUKEED ) 27 KT 2 7201213, DWAREHRE L. REMGES IR
FTAEAANANTOERE 2 8D X 5 ICHAL T 22 RET3 2 BEBH 5,



From unrest to action: Communicating about volcanic hazards
and impacts to reduce the risk

Sally Potter (Canary Innovation Ltd., New Zealand)
Abstract:

Communicating about volcanic unrest and eruption hazards and impacts in meaningful ways
helps to reduce the impact on people and communities. In 2022-23, Taupo caldera volcano
in New Zealand showed signs of unrest activity. The most recent eruption of this volcano was
in 232AD and was cataclysmic in scale. The crater filled with a beautiful lake, and there are
now around 40,000 people who live around its shores, with many tourists visiting the area.
GNS Science, New Zealand'’s geological monitoring agency, issued forecasts for unrest and
eruption activity, co-developed with emergency manager stakeholders. We collected
crowdsourced observations, particularly relating to a large earthquake that caused a lake
tsunami and landslides. The Volcanic Alert Level was raised from zero (no unrest) to one

(minor unrest) before returning to zero in 2023.

Whakaari, also known as White Island, is a volcanic island off the Bay of Plenty coastline of
New Zealand. It erupted in 2019, sadly killing 22 people and injuring 25 others who were on
the island at the time. In the following years, minor eruptions intermittently occurred, including
recently. As the island remains closed, they have only affected the ocean around it, however
there is a risk of sulphur gases and light ash affecting people on the mainland. The volcano
does not have any working monitoring sensors on the island now, with observations relying
on remote cameras, satellite imagery, and flights. This can contribute to difficulties in

communicating the risks effectively prior to impacts.

As technology advances, there may be changes in the way warnings and mitigation advice
are given. Perhaps instead of general geological hazard forecasts being issued to a
population at risk, personalised impact forecasts with important mitigation actions can be
given at an individual or family level. These might not come from official government sources,
as large corporations hold digital footprint data and information about our demographics and
worldviews, and the availability of artificial intelligence and large language models enables
useful content to be prepared. How the official information sources can integrate with private
sector tailored information should be considered to help reduce the risk of volcanic hazards

in future.



