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• Median  eruption duration is 7 weeks (Simkin and Siebert, 2004)

• Behaviour can vary strongly: high and low intensity activity 

• The eruptive episode two minutes ago will change the hazard for the 
eruptive episode  in two days time

Barclay et al 2019

CHALLENGES FROM DYNAMIC VOLCANIC BEHAVIOUR



DYNAMIC VOLCANIC RISK: CHALLENGES FROM SOCIAL BEHAVIOUR
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Median eruptive length = 7 weeks
(Simkin and Siebert 2004)

Barclay et al (2019)
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GLOBAL ANALYSIS OF VOLCANIC DEATHS 1985-2014

Barclay et al (2019)

2018



‘ACTIVITY’ OF THOSE KILLED WITHIN EXCLUDED ZONES 1985-2014

Risk, lives and livelihoods are inter-related

Barclay et al (2019)



FORENSIC INVESTIGATION OF DISASTERS (FORIN*)

• Retrospective longitudinal analysis
• Scenario building
• Comparative case analysis
• Meta-analysis

*Integrated Research on Disaster Risk (IRDR) launched by the International Council for Science (ICSU), the International Social Science Council (ISSC) and the UNISDR 



CASE STUDY 1: VOLCAN TUNGURAHUA, ECUADOR

• Eruption from 1999 – 2016
• Retrospective analysis of volcanic 

risk management – formal and 
informal components

Armijos et al (2017)



APPROACH AND METHODS

• Instituto Geofisico (IG-EPN) 
reports

• Scientific papers on volcanic 
activity

• Analysis of monitoring network 
evolution

• Analysis of communication 
around crises 



• Qualitative research

• Risk management and 
governance

• 4 month fieldwork 

• 50 semi-structured 
interviews

• Workshops

410 household survey

• Sampling based on 4 
zones

APPROACH AND METHODS



1999

• Unrest started April 1999
• On October 15 IG-EPN 

(responsible scientific agency) 
recommended raising the alert 
level 

• Forced evacuation of 30,000 
residents for three months

• People selling assets at low value
• Civil unrest and protest led to re-

occupation



CREATION OF OBSERVATORIO VOLCAN TUNGURAHUA (1999)

FORMAL RISK MANAGEMENT



CREATION OF VIGIA NETWORK (2000)

• Vigias are influential community 
members

• Part of OVT radio network
• 8 pm daily ‘ronda’

Stone et al (2014)
Mothes et al (2015)

INFORMAL RISK MANAGEMENT



Physical Volcanology 

Mothes et al (2015)

FORMAL RISK MANAGEMENT



2006 PYROCLASTIC DENSITY CURRENTS - AUGUST 

Mothes et al (2015)



RESPONSE TO AUGUST 2006 ERUPTION



VARIABILITY OF PROCESSES AND PRODUCTS AT VARIOUS SPACE/TIME SCALES

§ Subplinian (plume height ~8-14 km a.s.l)

§Rhyolitic magma

§VEI 4-5, ~1km3 tephra volume

§Complex temporal scales
à 24 hours climactic phase

à ~1  year of ash emissions

à>20 years of aeolian remobilisation

§Large variability of grainsize/thickness
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distal

CASE STUDY 2: 2011-CORDÓN CAULLE, CHILE-ARGENTINA

à long-lasting and complex chains of cascading effects!
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APPROACH AND METHODS
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APPROACH AND METHODS
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18Dominguez et al., 2021, Frontiers

CAUSAL ORDER OF IMPACTS: PHYSICAL-FUNCTIONAL-SYSTEMIC
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Event Impact
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Forensic
Analysis

FORIN* / STREVA

Root Cause/Consequence Analysis

ü Identify the role of each risk 
component (hazard, exposure, 
vulnerability and response)

ü Depict and prioritize critical 
areas of intervention

ü Improve impact data collection 
for future catalogues

FORIN:  https://www.preventionweb.net/publications/view/48809

STREVA: https://research-portal.uea.ac.uk/en/projects/streva-
strengthening-resilience-to-volcanic-areas

Reliability/Incident Analysis
Exposed element

Vulnerability conditions

Hazard intensity

Classical post-event
Impact Assessment

*Integrated Research on Disaster Risk (IRDR) launched by the International Council for Science (ICSU), the International Social Science Council (ISSC) and the UNISDR 

To answer the
what, who, when, how and why

🌋

APPROACH AND METHODS

https://www.preventionweb.net/publications/view/48809
https://research-portal.uea.ac.uk/en/projects/streva-strengthening-resilience-to-volcanic-areas


CAUSAL ORDER OF IMPACTS: PHYSICAL – FUNCTIONAL - SYSTEMIC
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LOGICAL TOOLS TO DESCRIBE AND CONNECT IMPACTS : THE BOW-TIE APPROACH
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FAULT TREE OF INSULATORS FAILURE

21

Previous studies:
Wardman et al. 2012
Lopez et al. 2016
Lopez Chachalo 2017 
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Identify causes 
(backward thinking)
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EVENT TREE OF FUNCTIONALITY SCENARIOS

Dominguez et al., 2021

Inductive logic
Pdysfunction | damagetrigger event

Identify sequence of events
(forward thinking)

scenarios

Severity of  impact = f (duration, area affected)



CASCADING EFFECTS ON THE POWER SUPPLY SYSTEM (1 PATH)

23
Dominguez et al., 2021



DESIGN
ü Increase the number of insulators in each chain
ü Develop more resistant materials
à need of experimental/empirical data to develop fragility curves!

ACTION PROTOCOLS
ü Coordinate public works + civil protection + CIS
à need of data to perform cost-benefit analysis and invest in better preparedness

24

INDENTIFYING CRITICAL POINTS

ü Protect the insulators
ü Clean-up as soon as possible  



FORENSIC ANALYSIS RELEVANCE IN EARLY WARNING SYSTEMS

Exposed element

Vulnerability conditions

Classical post-event
Impact Assessment

Forensic
Analysis

Event Impact Future
event
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Hazard intensity

Key impact drivers
Intervention priorities

Impact data for catalogues

Pre-event Impact 
Assessment

Validation, upgrading and 
improvement of EWS and impact 

catalogues

🌋 🌋

Early Warning 
Systems

DRR strategies

FORIN* / STREVA

Root Cause/Consequence Analysis
Reliability/Incident Analysis



ü Two case studies : complementing perspectives 
à Tungurahua retrospective analysis and its significance on preparedness and decisions
à Cordón Caulle root cause/consequence analysis on complex cascading impacts of CI

ü Forensic Investigation is fundamental to disentangle the drivers of impact from deep 
socio-political contexts to structured engineering perspectives

ü Understanding impact drivers is key to establish mitigation measures 
à inform Early Warning Systems from real experiences and lessons of past events. 

ü Volcanic Risk is a multiple dimension problem that needs trans-disciplinary solutions 
à forensic approaches promote synergies among all stakeholders (community, institutions, scientists)

26/07/2025 26

CONCLUSIONS AND REMARKS



Geological and historical record

27

“Early warnings and actions save lives” - António Guterres-UN -

Modified from USGS

CONCLUSIONS AND REMARKS

Lessons learnt from past events

ü What’s next? How can we efficiently apply these lessons to EWS?

https://www.usgs.gov/media/images/volcanic-eruptions-have-a-much-longer-warning-phase-onse
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TO G E T H E R  W E  C A N  BU I L D  A  P O S I T I V E  C A S C A D I N G  E F F E C T  !

Jeremy Phillips

University of Bristol

J.C.Phillips@bristol.ac.uk

Lucia Dominguez

University of Geneva

Lucia.Dominguez@unige.ch
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