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Volcano Disaster Assistance Program
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~80 Volcano responses by VDAP since 1986 in 20 countries
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THIS TALK

*Eruptions
How good are we at forecasting them!?

What hinders our progress?
How well do we understand magmatic systems?

What’s a typical run-up to an eruption?

cEfforts to save lives
What is important in keeping people safe?

What’s the role of science!?
How specific should we be with a forecast?
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Four sections

l. How do we typically forecast eruptions?

Il. How successful are we at forecasting eruptions and
their effects!?

lll. Our understanding of the subsurface leads to great
uncertainty in our forecasts.

IV. The challenge of volcanic-risk mitigation
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About Volcanic Hazards

Principal Volcanic Hazards S
S ~ il Erupticn Column
* Ashfall (roof collapse, agricultural and <~ Ervption Cleed o
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aviation hazards)

Tephen [Ash) FnlI.V\
* Pyroclastic flows & surges

Dabr s Avalanche

(Landslide)
(nothing in path survives) ipoacll Bombs\. / Pyroclastic
e Lahars (mudflows; major killer, long- Forn ' Fion
term impacts) Demg Cokspes Fumarcles
e Lava (locally serious) Pyroclastic F""; | ¢ A :}\\ ’
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I iV | ~F G~ Conduit Groumd
Volcanic Explosivity Index st
Lava Fow
* Eruptions range from tiny to Lahar (Dabris Flow) o Crack
immense.
Magma Reservolr — Wagme
What are we predicting? g

USGS lllustration
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Monitoring Volcanoes

Principal Techniques
e Seismic
 Geodetic
e Gas

* Satellite
* Visual (cameras)

Other Techniques

* Thermal
* Gravity
* Magnetics
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I. How do we typically forecast eruptions?

Monitoring Data
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Mt. Agung data, in Syahbana et al., 2019
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Analogues to inform expectations

Global Data

60% 1

45% 1

30% 1

15% 1

B Merapi
B Al volcanoes
Andesite volcanoes
B Stratovolcanoes
B Dome-forming volcanoes

0% -

0 1 2 3 4 5

Eruption size (VEI)

Slide courtesy of Sarah Ogburn, USGS
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Models to estimate impacts
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e Statistical model (energy cone) for
pyroclastic flows

e LAHARZ for lahars

e Geophysical model (TITAN2D) for
pyroclastic flows

e ASH3D for ash dispersal
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Event Trees: Putting it all together

* How big are eruptions at this volcano in the past or at volcanoes like this
one from around the world?

* How many other volcanoes had seismicity like this before erupting?
What rate of seismicity is anomalous?

* How far do pyroclastic flows travel at this volcano according to the
geologic map or a computer model?

* How long do eruptions at similar volcanoes

last?
VEI 44 Ash
90"&'
10% ) <5 km
Eruption Pyroclastic flow 80%
Event Tree 50% VEI2-3 60% .
50% =2 X1
Unrest 20%
10C%, Mucflow
VE|I Q-1 40%
40%,
N ) .
:;.mpbon ebns avalanche
Slide courtesy of Sarah Ogburn, USGS
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l. How do we typically forecast eruptions?

Summary Statement:
Forecasting requires good monitoring, good models,

complete databases, methodology to determine
probabilities (expert solicitations or pre-defined
thresholds). It’s a huge continuing challenge.
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Il. How successful are we at forecasting
eruptions and their effects?

To be useful, a forecast should:
Provide a timeframe.
Provide a magnitude for the event.
Provide geographic boundaries for the area that will
be affected.
Be understood so it can be acted upon.

This is difficult.
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Volcano
forecasts

by Alaska
Volcano
Observatory

Not Momsiored, Repose < 15y Mosiiored. Repose < 15 yrs
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Not Nomsiored, Mapose » 15y Moniiored, Regose » 15y

Cimshcwon: [ Gooxd I Detect Osly I Mased
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Cameron et al. 2018
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Not Momsiored, Repose < 15y Mosiiored. Repose < 15 yrs

Volcano

forecasts

by Alaska |
Volcano -

Not Nomsiored, Repose » 15y Moniiored, Regose » 15y
Observatory

Clmshcwon: I Good I Detect Only BN Mased

* We do better on
monitored volcanoes.
* Frequently active volcanoes

MOURE 9 | four o charts, showng overd soticaion cimses or engforn,

Gaaior Tan 15 yaars. NumGor of oRgBors W porcortage of B e wo
than ones that erupt out Sl e s g et pond s Sagsr i 18 yoam Waiign
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of long-term quiescence.

Cameron et al. 2018
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Ideal “steady state” behavior

REGIONAL CABLED AXIAL SEAMIGUNTE&RBRAY
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Center for Environmental Visualization, University of Washington




Ideal “steady state” behavior

Long-term inflation/deflation record in Axial caldera

4 L 4 L L | . L L | v L4

! 2015 inflation threshold =~~~ |
v [ 2011 inflation threshold | T
& B o e e e e e e e e “ ~
E 3“) “ o
S B K 1%
g - - 4 =
2 3 \ ‘2 4 E
® - = -
N E <
© | K]
- 2 - 1> -
g | } “ <
c@ o \ -
2 | . {5
s | ] ¥
: 1 3
o - -
s oM BRdata | &
r— ! )
A | —O— MPRdata | |
0 ! A A e l e A s l A A A l A A 'S l A A e l A 'S A ‘
2010 2012 2014 2016 2018 2020 2022

https://www.pmel.noaa.gov/eoi/axial_blog.html



Timing of Unrest

Critical window for
decisions by public
officials L

Precnisis

. Soputan 2007
Omaok 2008
Ontake 2014
Cabuco 2015
Whate Island
2019

— Lgp—

—— —

Intensity of unrest

Dan Miller, USGS diagram
Updated in Newhall et al., 2020
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Timing of Unrest

Critical window for

decisions by public
OfﬁC‘HS\ Syncrisis
2. Magmatc eruption 5. Magmatic eruption
Mourt St Helers, 19680 Pinatubo 1991, ) Hula 2007-08 Rz,
= Mudson. 1991, Kasatochi, 2008, Merags ’”"‘&‘m
ied 2010, Chaivin 2008, Cordon Caulle, 20082010,
g Precrisis 2011 19631904, Cotopan o
— 20152010 Rz Posicrisis
S 1. Erupton 2012-2015; Agurg
8 Soputan 2007, - 4. Back o sleep. no
g Ontake 2014, Fourpesked 2007. Lunayyt s«ngmn Ou-co:up. 1976-77.
Caibuco 2015, 2009: Chios-Cermo Negro, 2018 |\ g4 2006-08, Wicano 1977-2008
White Islana 3. Back % sleep;
2019 N enuption
—
Time »

Dan Miller, USGS diagram
Updated in Newhall et al., 2020
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Note: We have had many successes

Pinatubo 1991
Rabaul 1994
Usu 2000
Merapi 2010

USGS Photo of Pinatubo Crater, 1991: Tom Casadevall

And we'’re continually improving.



Case Study
From Bali:
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1963 VEI 5
Eruption
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Data and plots supporting Syahbana et al. 2019
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-8.35059, 115.5091, 1854.0m, 25°
2Nov 20170/7:18:24

Crater of Mt. Agung, photographer unknown, courtesy of CVGHM
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USGS photo

VDAP
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Timing of Unrest and Eruption

TNy &7 T 10T 11T 12T 118 2118 V118 4118 SINE &8 Tring e

Syahbana et al., 2019
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What happened?

Syahbana et al., 2019
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Part Il. How successful are we at
forecasting eruptions and their
effects?

Summary Statement

Forecasts are USEFUL, but are uncertain in
timing, magnitude, and effects. Rarely do we
have enough information to provide certainty
for decision-makers.
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Part 1ll. Our understanding of the
subsurface is inadequate.

Physics-based models require knowledge of:

Compressibility Permeability

Vi Stress Regime
Seismic Velogity ~ ~OMAuetvity 9

Temperature Porosity

Pore Pressure Mineralogy
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Approximate Depth, in Kilometers
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Approximate Depth, in Kilometers
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Eastern Snake Yellowstone caldera
River Plain I

Mallar g lase dome 5().-'(.‘"’.!'30430
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Huang et al., 2015
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CHU ET AL MAGMA BENEATH YELLOWSTONE

“ /192 2 Yios '
SE 2 ’\ q ﬂm A ‘. 10 NW
. ,--- 82% melt
s | e )
A WEweia and 8% Gasl

Depth (km)
.

An ultra low velocity zone (LVZ) is embedded i
crust beneath the Caldera with a thickness of 3
Chu et al., 2010, GRL

Depth (km)

Well-located hypo centers and inferred brittle-ductile
transition.

Smith et al., 2009, GRL
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INSAR image from Chuck Wicks: USGS
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——— Krafla
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Zierenberg et al. 2012
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Kakkonda
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Part Il Summary Statement

* There remains considerable uncertainty about the
structure and diversity of magma-hydrothermal systems.

* Such conceptual barriers and uncertain parameters make
it difficult to create deterministic/physics-based models
for eruption forecasts.

* There is no one-size-fits-all model that can be universally
applied to magmas, volcanoes and eruptions.
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Part IV. The challenge of risk
mitigation during eruptions

Agung, Bali

Photo by

Andri Tambunan
Getty Images

Used with permission




What needs to go right?

® Good monitoring.

e Correct interpretation.

Nevado deI Ruiz, November 1985
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What needs to go right?

® Good monitoring.
e Correct interpretation.

e Actionable forecast.
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What needs to go right?

¢ Good monitoring.

e Correct interpretation.

e Actionable forecast.
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What needs to go right?

® Good monitoring.
e Correct interpretation.
e Actionable forecast.

® Functioning partnership
with civil defense.

Z3UsalD  VDAP 2 USGS

ngy " FROM THE AMERICAN PEOP sciewce for a changing world



What needs to go right?

® Good monitoring.
e Correct interpretation.
e Actionable forecast.

® Functioning partnership
with civil defense.

e Cooperation of affected
population.
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Goals for Capacity Building
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Goals for Capacity Building

® Try and make it
permanent.

Oldoinyo Lengai, USGS
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Goals for Capacity Building

® Try and make it
permanent.

® Enable the people who
make a difference.
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Goals for Capacity Building

® Try and make it
permanent.

® Enable the people who
make a difference.

o Offer a true collaboration.
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Goals for Capacity Building

® Try and make it
permanent.

® Enable the people who
make a difference.

o Offer a true collaboration.

e Make it sustainable.
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Goals for Capacity Building

® Try and make it
permanent.

® Enable the people who
make a difference.

e Offer a true collaboration.
e Make it sustainable.

® |nstitution-building, not
just assistance to people.




Take Home Messages



Take Home Messages

® Volcanic eruptions are hard to forecast, and even under optimal
circumstances, remain highly uncertain.



Take Home Messages

® Volcanic eruptions are hard to forecast, and even under optimal
circumstances, remain highly uncertain.

® The above statement is partly because our understanding of the

subsurface remains insufficient, and will largely remain so for a
while.
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Take Home Messages

® Volcanic eruptions are hard to forecast, and even under optimal
circumstances, remain highly uncertain.

® The above statement is partly because our understanding of the
subsurface remains insufficient, and will largely remain so for a
while.

® Science is only a part of keeping people safe. Education,
planning, communications and trust are paramount.
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Take Home Messages

Volcanic eruptions are hard to forecast, and even under optimal
circumstances, remain highly uncertain.

The above statement is partly because our understanding of the
subsurface remains insufficient, and will largely remain so for a
while.

Science is only a part of keeping people safe. Education,
planning, communications and trust are paramount.

Capacity building requires institution-building and a long-term
view.
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