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R SE BRISTOL CHALLENGES FROM DYNAMIC VOLCANIC BEHAVIOUR

B  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
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Median eruptive length = 7 weeks
(Simkin and Siebert 2004)

Barclay et al (2019)
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Barclay et al (2019)

GLOBAL ANALYSIS OF VOLCANIC DEATHS 1985-2014
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Livelihoods related m

Risk, lives and livelihoods are inter-related

Barclay et al (2019)



R S BRISEOL FORENSIC INVESTIGATION OF DISASTERS (FORIN™)
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i Forensic Investigations
misse 2 of Disasters (FORIN)
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A conceptual framework '
and guide to research

Disaster Risk

Research on Disaster Risk IPO

4 ot
On the Road Map of the Senda Framewark for Disaster Risk Reduction 2015 -2030 Understanding root causes as an essential compss for Disaster Risk Reduction and Management

* 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



VEEE pler G BRSTOL CASE STUDY 1: VOLCAN TUNGURAHUA, ECUADOR

ICALRISK. CROL

Runiun;. .

El Salado &
Hot Spring

* Eruption from 1999 — 2016

* Retrospective analysis of volcanic
risk management — formal and
informal components

Armijos et al (2017)
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APPROACH AND METHODS

Indice

OBSERVATORIO DEL VOLCAN TUNGURAHUA 1G-
INSTITUTO GEOFIiSICO ﬁ P
ESCUELA POLITECNICA NACIONAL

no supera los 100 m.

22h08 V. de Custa informa que observa una columna de emision desde el secot.

V. de Runtun informa que observa columna de emision sostenida.

Sabado 1 de Febrero 2014 (dia 032)

01h01 Ronda de vigias.

V. Manzano indica que en la tarde ocurri6 1 explosion con rodamiento de bloques.

V. Choglontus, indica que en la madrugada y noche se produjo la caida de ceniza. Se reporta
un cafionazo en horas de la tarde. Después de ese evento, se produce la caida de ceniza con
tamaiio de grano como el del aziicar.

V. Bilbao indica que se escuché un caiionazo en la tarde y se observa una columna de emision
pero no existe caida de ceniza en el sector.

V. de Juive Chico. indica que se generd un hongo tras la explosion de alrededor de las 17h00
(TL) y la caida de ceniza al SE.

V. de Pondoa observd desde el sector la expllosion de las 17h00 (TL) generéandose una
columna de vapor y ceniza que se dirigio al SE y SW. No hubo caida de ceniza en el sector.
V. de Pondoa indica relativa tranquilidad en el sector. Explosion a las 17h00 (TL) con carga
moderada de ceniza.

TUNGURAHUA - INDICE DE ACTIVIDAD SiSMICA (IAS)
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Instituto Geofisico (IG-EPN)
reports

Scientific papers on volcanic
activity
Analysis of monitoring network

evolution

Analysis of communication
around crises
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* Risk management and
governance

* 4 month fieldwork

* 50 semi-structured
interviews

* Workshops

410 household survey

* Sampling based on 4
zones
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* Unrest started April 1999 910170013 0
* On October 15 IG-EPN

(responsible scientific agency)
recommended raising the alert
level

* Forced evacuation of 30,000
residents for three months

ECUADOR: TOWN OF BANOS EVACUATED BECAUSE
OF TUNGURAHUA VOLCANIC ACTIVITY

* People selling assets at low value

* Civil unrest and protest led to re-
occupation




S pVbr GE BRISTOL FORMAL RISK MANAGEMENT

CREATION OF OBSERVATORIO VOLCAN TUNGURAHUA (1999)




Ve ol R ! INFORMAL RISK MANAGEMENT

CREATION OF VIGIA NETWORK (2000)

* Vigias are influential community
members

* Part of OVT radio network
* 8 pm daily ‘rondd’ Mothes et al (2015)

Stone et al (2014)
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Physical Volcanology

Tungurahua’s Eruption History
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Figure 5 A timeline of Tungurahua’s eruptive activity 1999-2014. Shown on the left margins are the daily numbers of seismic events:
VT = volcano-tectonic; LP + HB =long period and hybrids; EX = explosions and TREM = volcanic tremor. Eruptive activity is represented by light
pink color, while repose is represented by white. The activity was predominantly Strombolian-style through 2010. Vulcanian style was more

predominant between 2010 to present. Mothes et al (201 5)
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9B BRISTOL RESPONSE TO AUGUST 2006 ERUPTION
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o o Btsi.  CASE STUDY 2: 2011-CORDON CAULLE, CHILE-ARGENTINA

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

& Barﬂoche(écm)

ﬂe

: Ing chochc (6. )

Complex temporal scales
A _‘Se?tle?
24 hours climactic phase
~1 year of ash emissions

>20 years of aeolian remobilisation

Large variability of grainsize /thickness

—> long-lasting and complex chains of cascading effec

26/07/2025 e proiimql -
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< CAUSAL ORDER OF IMPACTS: PHYSICAL-FUNCTIONAL-SYSTEMIC

social
discomfort

on water system elements (ie. |/~ \___clogging disruption
lake source)

elements

flashover l
filters clogging

on telecommunications :
> antennas surfacg reducthn of
wave’s reflection

no water WV \
pumping ‘
power supply
disruption \\

suspension of S
activities

: > on power network elements outages
primary
tephra

sedimentation

y
telecommunications
disruption

secondary (_public :/vorks )
a_s.h . on roads slippery roads P isolation
remobilisation
by wind

closure of
roads

closure of
airports

> on airports and air traffic e gl
\ slippery
> public health \ landing strips
Respiratory and
ophthalmological problems

social
discomfort

Cascading consequences

26/07/2025 Dominguez et al., 2021, Frontiers 18

closure of
schools

supply of goods,
water, spares, fuel

disruption

closure of economic
activities




%:w

R G sy APPROACH AND METHODS

To answer the

what, who, when, how and why

Classical post-event Forensic
Impact Assessment Analysis
*
4 Vulnerability conditions A FORIN* / STREVA
Exposed element Root Cause/Consequence Analysis

Hazard infensity Reliability/Incident Analysis v Identify the role of each risk

component (hazard, exposure,
vulnerability and response)

v' Depict and prioritize critical

areas of intervention

v" Improve impact data collection

for future catalogues

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

Event Impact

STREVA: https://research-portal.uea.ac.uk/en/projects/streva-
strenqtheninq-resilience-to-volcanic-é‘f’eas

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


https://www.preventionweb.net/publications/view/48809
https://research-portal.uea.ac.uk/en/projects/streva-strengthening-resilience-to-volcanic-areas
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B et CAUSAL ORDER OF IMPACTS: PHYSICAL — FUNCTIONAL - SYSTEMIC

LOGICAL TOOLS TO DESCRIBE AND CONNECT IMPACTS : THE BOW-TIE APPROACH

/"h'\
1st Physical 2nd Loss of ( 3rd Systemic
ORDER |/ damage ORDER / function n,?RDER ) impact

ROOT CAUSE ANALYSIS i CONSEQUENCE ANALYSIS
fault tree event tree
A ‘ A
i.dentify B deductive top  _trigger inductive » identify the sequence
main causes Togic event _event Togic > S EVETES
OE
@
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- Questlon 1 Questlon 2 Questlon N RESULTING
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o B =
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FAULT TREE OF INSULATORS FAILURE

Physical
ORDER / damage

1st

Previous studies:
Wardman et al. 2012
Lopez et al. 2016
Lopez Chachalo 2017

26/07/2025

(A)

AND gate
. OR gate

Basic event

A\ transfer to a sub-tree

insulator
flashover

leakage
duration
[ |
tephra becomes greater
conductive adherence
ﬂ surface
|

tephra accu-
mulation
thickness
>1mm
> 40%
coated
surface

soluble salts avourable
content wet
> salts conditions

content

A

tephra
grainsize <

grainsizey,

|
insulator
design

top event

Deductive logic

\ 4

Identify causes
(backward thinking)

N
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(forward thinking)
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26/07/2025

Inductive logic

Dominguez et al., 2021

» scendrios desfunction | damage
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e o st CASCADING EFFECTS ON THE POWER SUPPLY SYSTEM (1 PATH)
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D o G Univerior FORENSIC ANALYSIS RELEVANCE IN EARLY WARNING SYSTEMS

Pre-event Impact
— Assessment

\ Key impact drivers

Intervention priorities
Classical post-event Forensic Impact data for catalogues

Impact Assessment Analysis $ / \
Etll’ly Wurning Validation, upgrading and
Sys’rems improvement of EWS and impact
catalogues

Hazard intensity FORIN* / STREVA

Vulnerability conditions Root Cause/Consequence Analysis

Exposed element ST . .

| Reliability/Incident Analysis

Event Impact DRR strategies Future Reduced
event impact!
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® G sy CONCLUSIONS AND REMARKS

Two case studies : complementing perspectives

— Tungurahua retrospective analysis and its significance on preparedness and decisions

—> Cordén Caulle root cause/consequence analysis on complex cascading impacts of Cl

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

Understanding impact drivers is key to establish mitigation measures

—> inform Early Warning Systems from real experiences and lessons of past events.

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

26/07/2025 26
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. v/ What's next? How can we efficiently apply these lessons to EWS?2

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