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Models for E/Q Triggering of Volcanic Eruptions
• Static elastic stress/strain dilatation peturbs magma plumbing system
(Barrientos 1994).
• Walter and Amelung (2007):

•

Postseismic effects from viscoelastic response of crust and mantle
compression and shear peturbations (Marzocchi et al 2002)

E/Q Triggering of Volcanic Eruptions
Linde and Sacks (1998)
Remote dynamical triggering of eruptions
due to passing of seismic waves.
8 cases post-1900

Delayed Triggering
‘Peturbation’ models allow for delayed triggering (Marzocchi et al, 2002)

E/Qs and Volcanoes of Indonesia

E/Qs and Volcanoes of Indonesia – Completeness?

General Test for Triggering
Marzocchi (2002): Perturbation function:
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Measures average stacked (over time) perturbations on volcanoes (i),
by earthquakes (j) in previous time window τ
Significance assessed by randomization test:

No clear evidence of any overall effect. What about individual volcanoes?

Point Process Theory
• Point process conditional intensity λ(t):

• depends on the history of the (e/q-volcano) system up to time t
• probability of an eruption in a small time interval (t,t+∆) is ~λ(t) ∆
• given events at tn : 0 < t1 < t2 < … < tN < Τ, the log likelihood is
N
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log L = ∑ log λ (t n ) − ∫ λ (t)dt

This weighs both positive and negative evidence

Baseline stochastic models
Last eruption: volume v, at time u
• Poisson process (PP), λ(t) = λ0
• Weibull renewal model (WRM),

λ (t − u) = αβ α (t − u)α − 1
• Generalized time predictable model
(GTPM)
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(Marzocchi and Zaccarelli, 2006)

• Volume History Model (VHM)
λ(t) = exp{α+ν[ρt − V(t)]} , where V(t) is the cumulative volume erupted prior to time t (Bebbington, 2008)

Incorporating E/Q Triggering
Multiply baseline point process intensity by a triggering term:
λ i (t) = λ i(B) (t)λ i(T) (t)
= λi

(B)



(t) 1 + ∑ exp  − a(t − s j ) − blog rij + cm j  
 j:s j < t


where the jth earthquake occurs at time sj , j =1,...,J, a distance rij from
volcano i, and has magnitude mj
• Model without triggering nested
• Triggering decays exponentially with time
• Triggering decays with distance as a power law
(static stress ~r -3 , dynamic stress ~r -1.66)
• Exponential increase with magnitude commensurate with increase in action
radius proportional to rupture length (Lemarchand and Grasso, 2007)

Best Model (by AIC)
‘Best’ model independent of number of
eruptions, location of volcano
Model

No.
Parameters

No.
Volcanoes

Poisson

1

10

Weibull Renewal

2

4

GTPM

3

4

Volume History

3

10

Poisson w. E/Q triggering

4

0

Weibull Renewal
w. E/Q triggering

5

0

Volume History
w. E/Q triggering

6

7

Are the 7 (out of 35) ‘triggered’ volcanoes due to more than random chance?
 As our models are nested, we can use a likelihood ratio test.

Improvement relative to Poisson process

Volume dependence and triggering

Volume dependence and triggering – Individual Volcanoes
Although the 1913 eruption of Awu
- identified as triggered by Linde
and Sacks (1998) - is included in
the data set, Awu is not a ‘triggered
volcano’.
While the triggered point process
intensity spikes at 1913, it is
outweighed by the general lack of
eruptions at Awu following
earthquakes.

(GTPM)

• While approximately 0.3–0.4%
of eruptions are directly
triggered (Linde and Sacks
1998), here 25% occur at
volcanoes with a statistically
significant tendency to
triggering.
• With the exception of Ruang,
all the triggered volcanoes
possess multiple vents.

Triggering Decay
Remember that our basic unit of investigation is a volcano, not an eruption.
Time decay (a):
• 1 ‘instantaneous’ (Lewotobi) ~ Linde and Sacks (1998) idea of triggering
• 2 time independent (Ebulobo, Ruang) - magma system constantly in/near criticality?
• 4 slowly decaying, with half-lives from 2 (Talang) to 18 (Marapi) years
~ Walter and Amelung (2007), Watt et al (2009) triggering

Distance decay (b):
• 1 far field (Marapi) ~ Linde and Sacks (2002)
• 2 very local (Talang, Ruang)
• 4 consistent with previous results for
M=7-7.9 E/Qs
• Decay slower than expected for
dynamic/static stress.
 Major role being played by viscoelastic relaxation, or tectonic coupling between
earthquakes and eruptions?

Interpretation of Triggering – Clock Advance
• In order for triggering to be recognized, we must account for the erupted-volume history
of the volcano.
• Size of eruption appears to be
independent of whether it was triggered.
• The 2005 eruption of Talang has a spike
derived from the 2004 Sumatra
earthquake (cf. Walter and Amelung,
2007), as do subsequent eruptions - from
the M>7 aftershocks.
• We conclude that triggering affects
volcanoes that were ‘ready’ to erupt – a
form of ‘clock advance’ familiar in the
earthquake literature.
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