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Probabilistic Forecasts
• Typically presented as:
“The probability of an eruption occurring in the next X years is Y”

The problem with X and Y
• All of these have a 50-50 probability of an eruption within 50 years:

“The next eruption could be anytime in the next 100 years”

“The next eruption will be in 50 years”

“It will either erupt this year, or in 100 years time”

While these forecasts have the same mean, the variance differs considerably!

Forecast Distribution
Instead, express forecast as
F(x) = Prob(X ≤ x), and suppose
X = x1 is observed.

Mt Etna, from
Bebbington (2007)

Then the quantile F(x1) ~ U(0,1)
Random variable if the forecast
F correctly describes the process.

If we have multiple observations
x1,x2,...xn, we can test for departure from U(0,1):
Use, e.g., Kolmogorov-Smirnov test.
Include open (incomplete repose) forecasts using Kaplan-Meier
product limit estimate.
Observations need not be from same volcano, or same method,
allowing aggregation of forecasts for significance testing.

Schematically ...
Axes reversed from usual practice to aid comprehension.

2. The quantile F(u) at
each observation
becomes an
observed value on
the probability
forecast scale.

3. These values are
reasonably close to a
uniform (0,1) distribution
1. Forecast densities
f(u) for 3 volcanoes,
and observed
reposes (triangles)

Diagnostics

Ideal (null hypothesis)
Kolmogorov-Smirnov limits

Types of Error:
E1 observations more variable than forecasts
E2 observations less variable than forecasts
E3 observations on average shorter than forecasts
E4 observations on average longer than forecasts.

A Gallery of Flakes, Ruffians and Oddballs
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Some weaponry
• Weibull renewal process

α
F (u |HT ) = 1 − exp  − ( β u ) 



• allows for clustering or regularity relative to Poisson
s = time
process
• Trend renewal process F (u |HT ) = F0 [ Ψ(s + u) − Ψ(s)]

of last
eruption

• Ψ() is a time-rescaling, allowing for the incorporation
of clustering, trends, wax-and-wane, cycles, ...
• Volume-history model

(

F (u |HT ) = exp − ∫

s+u

s

exp{α + ν [ ρt − U(t )]} dt

• (generalized time-predictable model)

U(t) = total eruptive
volume at time t

)

• Generalized negative binomial

F (u |HT ) = 1 − λκ [1 − (1 − λ )κ ]

u−1

• introduces correlation 1− κ between events in discrete
time (years)

Results: Weibull Renewal Process
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And the test results, please ...

St Helens
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Hmmm....
Incomplete
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Observed
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Results: Weibull Renewal Process (2)
A little disaggregation of the results ... and voila!

Etna
Aso

Renewal models
assume that the
average rate of
onsets is constant
through time

• Increasing observation prob. of summit eruptions?
• Recent activity above historical norms?

‘The Rest’

Trend Renewal Process (Twelve angry volcanoes)

Stationary

Trend renewal process: Best models
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The 1967 eruption of Semeru is continuing

Model potentially incorporates
cycles, trends or wax/wane of
activity through time-rescaling

?

Generalized Negative Binomial (Mt Sangay)
NB: This is a discrete time (years) model

Focus is clustering of
eruptions (correlation
between reposes)

Possible
tendency to
over-estimate
variability?

Aggregating

• A simple aggregation of the empirical repose
distributions can be used to assess the quality of
forecasts for:
• a particular volcano, and/or
• a particular model, and/or
• a particular forecaster ☺
NOTE: the result is implicitly weighted by the number
of post-forecast eruptions for each forecast.

How good is this guy?

Not great.
But ...

How good is this guy on non-Sicilian volcanoes?

Comme ce, comme sa
- Open long reposes?

...if we omit Etna.
And ...

How good is this guy on non-Sicilian volcanoes that have
erupted in the last 150 years?

...any other
volcano that
hasn’t erupted
since 1850AD

Remarks

• The method:• provides a tool for validating models, and in
particular the inherent degree of uncertainty in
the forecasts
•

from a suite of eruption onset forecasts1995-2011, the
eruption onsets of Mt Etna were identified as being
inconsistent with the forecasts, due to a change in eruptive
behaviour

• assesses whether forecasts are correct in the
context of the included uncertainty
• It does NOT rank different forecasts
• provides a possible means of weighting
models in an ensemble forecast.
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