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Volcanic Impacts: a threat to be addressed
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Towards reducing disaster risk

Disaster
Management

Risk reduction approach Challenges in real -time situation Proposed approach from lessons learned

Failed management of a crisis: ~ : . .
~ g O To standardise naming convention of volcano

Risk reduction through proactive measures: O Inability to identify changes in seismic data .
> < . N seismic events
O More accurate forecasts O Inability to compare with similar volcanoes due to & To improve forecasts by creating a dynamic
O Capacity building between agencies different naming convention b y 9

O Too many events to identify in real ime framework for data processing and assimilation
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|dentify and label changes in seismic monitoring
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Build-up seismicity before eruption (24 hours)
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McNutt, 1996

challenging in real -time and not universal across volcanoes

refined assessment.
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Problem: | denti fying temporal evolution and

Solution: Standardized analysis allowing inter-volcano comparison and

NANYANG TECHNOLOGICAL UNIVERSITY | SINGAPORE



Going beyond what we have now

50

mobility change from baseline (%)

T

Qé 15 - Seismic KAPK
2
bed result based on:
3
e 1
[
e
£
[
g
S 05
= g
v
20

Frequency (Hz)

0.2 -
0.1
0.05

P @® @l o Bt a8 i N G G G @ @ g P @®

—D 33 percentile
= =D median
~~~~~~ D 67 percentile

== change index sqrt(sum(D 21

Reference Window = Sample Window = 144h
Shift = Th, Microseism noise (0.09-0.55Hz) removed

Example of data processing during pandemic in Singapore
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Problems:

ALong list of research papers on event
classification

AScientists generally only explore a single,
Isolated dataset

ALack of centralised and freely available data
catalogues

olutions:
Linking changes in the seismic data to
physical volcanic processes

AUniversaI probabilistic classification to
take into account ambiguity between
events




Datasets available
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Feasibility of the project

Large amount of continuous seismic Already hosting internationally

data made publicly available (>100 recognized database of volcanic
Th) unrest

Infrastructure in place at NTU/EOS Possibility to maintain a team for 5
to host such ambitious project years to ensure success and impact

Source: Earth Observatory of Singapore
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Impact of the project

Benchmark, standardize and identify Produce the first global probabilistic
key features for classification volcanic earthquake classification

Improve confidence in forecasting
volcanic unrest and triggering
mitigation plans

|ldentify common unrest patterns
across different tectonic environments
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Impact and feasibility of the project

New earthquake catalogue to be shared and made available through the existing WOVOdat platform
Publications in peer-reviewed journals
Experience in leading workshop and training volcano observatory staffs. Collaborators with similar experience will be
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involved throughout the project.
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Impact and feasibility of the project

Source: Earth Observatory of Singapore

Disaster Y
Management ===

Teamwork i Impact
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Advancing Homogenization and Integration
of Historical Global Volcano Monitoring Data

WOVOdat Data on Volcanic Unrest ¢ GVMID Data on Volcano Monitoring Infrastructure

e About WOVOdat Tools Database Contribute Data News & Learn LOGIN WOVOdat Tools Index

Home About GVMID Visualization Contribute Data Feedbacks & Contact Follow Us
Visit GVMID - Data on Volcano Monitoring Infrastructure

_ Optimal Spatial Distribution of

= Seismic Stations for Magma
== Migration Detection

WOVOdat Web Service for

Volcano Monitoring

T.ZW. Nang, C. Widiwijayanti, T. Espinosa-Ortega, J. De
Groote, B. Taisne, Bulletin of Volcanology, Volume 87, Article

T. Espinosa-Ortega, B. Taisne, Journal of Volcanology and
21 (2025). Full paper can be downloaded here.

Geothermal Research, Volume 452, 108138, 2024. Full paper
can be downloaded here.

Why they are useful?

U WOVOdatproviding a ready access into the most comprehensive
and authoritative global volcano monitoring databasetve as a
global resource for comparative analysis and pattern recognition,
essential for understanding volcanic processes and improving
eruption forecasts through robust statistical analysis.

U GVMIDis useful in optimising network design to better anticipate
volcanic eruptions, to improve the detection capabilégabling
global analyses of monitoring capabilities and identifying gaps

About GVMID
Widiwijayanti et al. (2024)



Assess seismic network potential

Detection Capability Volumne (DCV) Volume under the volcano
where the seismic network is capable to detect migrations,
based on the seismic network location.

a) Vertical Migrations b) Lateral Migrations ¢) Inclined Migrations
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Volcano monitoring workflows and information systems

From data to decisiormaking:

Volcano monitoring is an integrated system of hardware, software, networks,
databases, personnel, and procedures.

METADATA| volcano monitorinJ
7%, infrastructure
s Data

Collaboration

] ] 8/8\8
Technologicaladvances have increased
the resourcedemandsneededto handle
growing data volume and the complexity
of multi-parameterdatasetsfrom diverse
sourcesandformats.
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Observational
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Data D

management processing

ata Data
analysis

This requires efficient, regime analysis for timely decisiemaking during crises, supported by

automated processing and standardized data to ensure-teng continuity, improve statistical
analysis, and enhance probabilistic forecasting.

Global database

Alert level &
recommendations

Information
dissemination

Reporting &
Publication



SEISMIC DATA ANALYSIS WORKFLOW

OBJECTIVES:

Y to developautomated technigquesfor optimizing warning
times before volcanic impacts

to create astandardizedmodel of volcaneseismic unrest,
using global volcano seismic waveform data

to developopensource toolsand training programs

to contribute the outcomes to open repositokyf OVOdat
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Obtaining Continuous Waveform Data requirigeconditioning:

C Gaps => fixed number, interpolation, average, folding.
C Prefilled gaps DATA PREPARAT
C Sampling rate Continuous waveform
C Overlaps
C Spikes/big numbers/calibration pulses
C Starttime and Endime not match the metadata
Archiving & managing the datasets: DATA PRODUCT! DETECTION
o Preconditioned (waveform) data
0 Metadata
0 Processed data: detected events & features,
SSXMRSxM SARA, DSAR, SOM, Spectrogram, et FEATURE FEATURE

o Eruption/unrest phases EXTRACTION EXTRACTION

WAVEFORM SELECTI( m;‘w

Raw waveform

https://ds.iris.edu/gmap/
#network=AV

&station=RDJH
&channel=BHZ

s &starttime=198801-01T00:00:00

&endtime=259912-31T23:59:59

Metadata (infrastructure)

(@
PRECONDITIONEXxeed
Metadata (preprocessing)

TIME SERIES TG lel0JV{z] Detected events & time

series (CSV file)
Metadata (processing)

Features (CSV file)
Metadata (processing)



Vent-clearing seismicity
\ 1 __—Repetitive seismicity
Brine-filled lenses =

OBJECTIVES

A Develop automated, standardized volcano
monitoring workflows for reliable, efficient data
processingespeciallyduringcrisesto supportearly
warningandtimely decisions

N
>

<

A Produce time-series outputs, including event oS | ~—————————:—
classificationsamplitude analyses(RSAM,SSAM), L ’ ARSI LT
andmachinelearningbasedfeatures

A Identify and classify seismiccharacteristicsacross
all volcanic activity stages to improve pattern
recognitionanderuption forecasting

A Standardized data to enable consistent, cross
volcano and temporal comparisons with past
unrest,strengtheningprobabilisticforecasting

A Leverage public datasets International
partnerships, and opensource tools to foster : _ b
global collaboration and community capacity  Processhasedgeological model of preruptive
building seismicityat dormant volcanoes showing four general

A Contribute outcomes to WOVOdaj advancing stages and types afeismicity observed prior to eruptions
sharedknowledgeand openscience White and McCausland, 2019




EARTHQUAKE DETECTION
MOTIVATION:

A Some volcanic earthquakes were not

identified by volcano observers, and the
coda waves of detected earthquakeswere
often not fully captured

t, the recorded earthquake

A As a resul

durations are shorter than their true lengths

Amplitude (Arbitrary Unit)
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OBJECTIVE:

A Identifyingmore earthquakes
A Obtaining more proper durations for the
detectedearthquakes
a) Not too short sothat we get almostall the
S I NI K ljptaseyS Saind Codawaves)
b) Not too long so that the noise does not
overshadowthe signalsof interest
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Several visible earthquakes (E3, E4, and E5) were not identified by the observatory.
Additionally, the coda waves of E1 and E2 were not fully captured.



Very-Long-Period
Seismic Signals at
Mount Marapi

We detected ~400 VLP at PCAK station in
four months preceding the phreatic eruption
in April 2018.

e Unsupervised Classification

* Systematic Restitution to ground
deformation

* Allow us to track source and physical
process

(In progress)

T.Espinosa-Ortega, B. Taisne (NTU), J. Neuberg
(University of Leeds) and Y.Superman (CVGHM)
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A Seismic and deformation data coverage
A Seismic and gas data coverage
A Seismic data coverage

A No data coverage

& Non seismic data coverage only (i.e., gas, deformation, other)

7«':( Star size indicates number of eruptions well-covered (1-8+) for any data type

.



Optimisingtimescales for machine 1. which data do you consider to make a forecast ?
learning-based eruption How far do you go back in time 2
forecasting: insights from

: . 5
I\/Ilyakejlmavolcano (Japan) 2. How far ahead do you want to forecast ~

>>>Use of WOVOdat to explore timescale
selection in eruption forecasting

Machine learning

>>>\WOVOdat allows for direct application of Short +
this study to other volcanoes and data types Short + P \ \
g Long + S

: oot e ) test

Miyakejima volcano: 2062010

Event time Latitude Longitude Depth  Magnitude Mag. type Eventtype
1/1/2002 15:47  34.08849 139.5225 -0.36 -0.2 Mb VT
‘ 2/1/2002 18:04  34.08098 139.5255  0.207 0.1 Mb VT
2/1/2002 19:37  34.08697 139.5259  1.295 24 Mb VT
2/1/2002 19:57  34.08299 139.532 2.062 0.4 Mb VT
<«— 2/1/200220:09 34.07367 139.5297  1.751 1 Mb LF >
2/1/2002 20:14  34.07464 139.5269 -0.61 0.8 Mb LF
2/1/2002 20:18  34.05968 139.5288 3.32 1.1 Mb LF

De Groote, Taisne, Jenkins (in prep)
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Data resources

Main data contributor foMVOVOdatvill be volcano

observatories, but we also explore data from open
database and references (legacy data), as well as liaise
with the ongoing research projects related to volcano _-- -

unrest. _-7
Open catalogs ="
9% -

UNREST
1950- May 2025

~ 2571 eruptions
~ 355 volcanoes
~ 41 countries

~
~~o
s
-~
s

31
Russia243

~
™
-

As of May 2025:
- WOVOdatincludes monitoring data frori477volcanoes

with unrest records fo282volcanoesand 167 8eruptions.
WO\_/O_dat - GVMIDdocuments ovet 3,000 monitoring stationsind
statistics 16,000 instrumentscrosss50+ volcanoesvorldwide.



Key Points @ - DO

Towardsstandardizingand integration of 4
the global historical volcano monitoring

A

Map Satellite

data for research and crisis response.

Challenges in inconsistent data formassd
database structures havendered
comparativeresearch on volcanic unrest anc? L. % |
analog identification. -',, oaggs
WOVOdataddresses this bstandardizing

. : . 2.
and consolidating diverse processed data inte@ = 2 - = +
accessible web formats : -~
: 1 ,.\'70 gle Keyboard shortcuts  Map data D2024 1000 KIM bemd  T€1MS
It serves as eeferenc_e durlng_ crises e ———
supporting comparative studies, fundamental We created WOVOdatWeb
research on eruptive processes, and Service data retrieval syster .

Improving eruption forecasting

WOVOdaprovides scientists withistorical unrestdata for studying eruption precursors 1
andhelps forecast outcomeby finding analogs to current crises. El‘

The more comprehensive the database, the more valuable it becomes.
Nang et al., 2025



Bulletin of Volcanology Data Report

Data Reportsare short (23 journal pages) reports presenting and
describing data related to eruptive activity, unrest and other
observations.

Managers of monitoring networks can
quickly publish sensitive data through
this platform.

U These data will then receive a DOI
and copyright protection and be
citable.

U Data reports are intended for
presenting only data, and not
extended interpretation or debate.

A We encourage monitoring data sets attached to the reports to be
archived inWOVOdat(wovodat.org as being part of a global initiative
to build the comprehensive global database on volcanic unrest and
promoting FAIR data principles.

A Spreadsheet templates in th&/OVOdatformat will be provided.

A These will be included as SI, provided a DOI and linke@todat.org

Call for Papers:
Data related to Volcanic Unrest in Asia - A collection of data reports

As part of "The Ring of Fire", Asla is home of active volcanoes with
frequent unrest and eruptions. Agencies and universities in the
region put significant effort inte monitoring these volcanoes to
better understand thelr behavior and provide timely warnings to
lecal communities, This special issue will collate vardous monitoring
reports that present the data related to the voleanic unrest in Asla,
highlighting the characteristics of the onset of unrest and how it
evolved leading to eruption. Though unrest without eruption also
considered. The monitoring parameters may include Seismic,
deformation, hydrelogy, fumarole and soll temperature, Soil
degassing (COy), Gas ux (50,) and gas chemistry, rermote sensing,
volcaniec ash analyses, among others,

Data reports submitted to Bulletin of Voleanology are short (2-3
journal pages) reports presenting and describing data related to
eruptive activity, unrest and other observations. Managers of
monitoring networks can quickly publish sensitive data through
this platform. These data will then receive a DO and copyrght
protection and be citable. Data reports are inten ded for presenting
only data and not extended interpretation or debate. Reports
should include (as well as title, authors, affliations and abstract):
i. A short introduction to the eruptive setting and/or the context
of the observations.

ii. Abriefdescription of the network, equipmentand/or
methodological approach, supported by maps and
schematics.

iii. A presentation of the data (as graphs and tables) with a
description of changes in levels of activity, data trends,
varations, data usage etc.

iv. Conclusions

Large datasets can be included as sup plementary information. We encourage research data to be
archived in WOV Odat (wovodat.org) as data repository, being part of a global initiative to build the
comprehensive global database on volcanic unrest and promoting FAIR data principles.
Spreadsheet termplates following WOV Odat standardized format will be provided.

For those interested to participate in this Special Issue, please contact the guest editor with
tentative title, authors, and briel description about the paper by 30'h September 2025,

Guest editors:

Eisuke Fujita (fujita@bosal.go.jp)

Benoit Teisne (Btaisne@ntu.edu.sg)

P. Hadi Wijaya (hadiwijaya.esdm@gmail.com)

Manuscripts due: 31 March 2026
Submission guideline:
itk snseer eormdausnalion
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