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» Typically presented as:

“The probability of an eruption occurring in the next X years is Y”

Saturday, 5 May 2007

Bets Mt Taranaki blowing top in 50

By WIRGINIA WINDER,

IF betting agencies took punts on natural disasters, you’d be wise to put your maney an hew 2

Taranaki blowing its tap in the nex

may have a history of violence even worse than previously thought
S0 bad, that if it continues its destructive track record, there’50-50 chanceYt will act up before 2057,
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» All of these have a 50-50 probability of an eruption within 50 years:
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The problem with X and Y

taf

002 T T T T T T T 1 T T T T T T
0015} “The next eruption could be anytime |in the next 100 years”
2 001 fos-
0.005F
O0 1|0 QIO SIO 4IO 5|0 ESIO YIO Sb QIU 100 OO WIU QIO SIO 4IO 5|0 Bb ?b 8|O QIU 100
y (years) y (years)
200 T T T T T T T T T 1 T T T T T T T
150} “The next eruption will be in 50 years”
100} 205!
L
50F N
O0 1|0 QIO SIO 4IO 50 ESIO YIO Sb QIU 100 OO WIU QIO SIO 4IO 50 Bb ?b 8|O QIU 100
y (years) y (years)
100 T T T T T T T T T 1 T T T T T T T
“It will either erupt this year, or in 100 years time”
Q 50 E" 05
OO 1|0 QIO SIO 4IO 5|0 6|0 ?IO Sb QIU 100 00 WIU QIO SIO 4IO 5|0 Sb Yb 8|O QIU 100
y (years) y (years)

While these forecasts have the same mean, the variance differs considerably!
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O@== Forecast Distribution @,

Instead, express forecast as _ 13.5.2008
F(x) = Prob(X < x), and suppose -
X = X, is observed. e \ | Mt Etna, from
Foor Bebbington (2007)
Then the quantile F(x,) ~ U(0,1) £
Random variable if the forecast \‘x
F correctly describes the process. )
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Figure X, Mount Etneye Forecsst probability distribation of the next onset, Solid ling = time-prodictnble model, dashed line = sire-predictshie model and dotsed

If we have multiple observations =
X1,X5,...X,,, W€ 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.
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Types of Error:

E, observations more variable than forecasts

E, observations less variable than forecasts

E; observations on average shorter than forecasts
E, observations on average longer than forecasts.
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A Gallery of Flakes, Ruffians and Oddballs

% % Massey
%97 University

Ebromoey aruptions Bafurenca
{Simicn & Sefoart 2002-)

1361, 1583, 1584, 1984,
196D, 1992, 1954, 2003,
'*{ID-’I !I}l}ﬁ ...l.‘.'l}ﬂ-. !I}[l

Bubbimzon A& Lai (19962)

NoO access
to 2nd Ed.
(Pre-WWwWWw)

Bisbbington & Lai (10962

1‘155 1933'1- 19‘34 lgﬁ'i.
1863, 1984, 1984, L88T,
19E8E, 1085, 1089, 1061,
1903, 1093, 1094, 2001,
2001, 2007, 2063, 206,
004, 2005, 2006, 2067,

1980, 1983, 1982, 1983

Bebbizngton & Lai (10962
18ED, 1960, 2004 Bibhingion & Lai (1096a)
Betbingron & Lai (1996a)

Bwbbimzon f Lai (1996h)

Bebbingzon & Lai (19965)

1983, 1988, 1997, 2004,
2004, 200, 2007, 2004,
2{08, 1008, 1009, 2009

Bshbimgton & Lai (1925

10ka BP-340 BP
1500-2006 (asicns) 2008, 2010

10ka BP - 1860 Turner er af. (2008,2008)
1500-200¢ {amicus) 2008, 2010 Estbimgian (200E)

7- 1984 (USGE) Bwbhizgan (2008)
1230-2009 (Sishart & Simkin 2003-) 2011 Bebbangton (2010)
1503-2009 (Sisbert & Simkin 2002 2010 Bebbizgton (2010)
1640-2002 (Sishart & Simkin 2000-) 2010 Bebbingion (2010
1543-2009 (Sishert & Simkin 2002-) Betbington (2010
1597-2009 (Sishart & Simkin 2002-) 2011 Betbigon (2010)
1795-2008 (Sishart & Simkin H002-) Biobbimgtnn (2010
1770-200% (Siskert & Simkin 2002-) Bebbingion (2010
13482009 (Sishart & Simkin 2002-) 2010 Biekbingron (2010
1541-2008 (Bishert & Simkin 2007-) Bibbimgzron (2010)
1561-2009 (Sishert & Simkin 2002-) Bebbimgton (2010)
15152007 (Sishert & Simkin 2002-) Bkbington (2010)
1804-7009 (Bishart & Simkin J002-) 2010 Biskhingron (2010
2% BP-ADI250

Includes
‘summit’
eruptions

Original m/s
submitted 1994,
revision 1995

Data
reclassification
from 1st Ed.

1983 eruption  Himmdicl  Torwesi 5
“continuing” i
s
Vohms Fema (Bank)
by Aquns Loa
Trand Asa
procaus Fourmiss
(VEL ) amalam
Ebmcheviood
. Lamezzan
1967.erl.th|on ‘g
“continuing” \g
Selfesciting AT
= T

Bebbizgton & Crozen {2011



Some weaponry o Mo

University

Weibull renewal process F(UIHT)=1-exp[—(ﬂU)a]

« allows for clustering or regularity relative to Poisson

process s = time
of last
Trend renewal process Flu|H,)=F,[W(s+u)-W(s eruption
 WY()is atime-rescaling, allowing for the incorporation
of clustering, trends, wax-and-wane, cycles, ...

Volume-history model U(t) = total eruptive

volume at time t

F(u|HT):exp(—js+uexp{a'+v[,0t—U(t dt
* (generalized time-predictable model)
Generalized negative binomial

F([u]IH,)=1-Ak[1-@ - Ax]“"

e Introduces correlation 1- K between events in discrete
time (years)
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Results: Weibull Renewal Process .
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And the test results, please ...
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Hmmm....
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A little disaggregation of the results ...

FCF.()

1

nar

06

07k

06k

0ar

OLCANIC

v
\ RISK SOLUTIONS

Results: Weibull Renewal Process (2)
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and voila!
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Renewal models
assume that the
average rate of
onsets is constant
through time

ncreasing observation prob. of summit eruptions?

* Recent activity above historical norms?
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Figure 2.
fidence band for a stationary rate process (dotted lines). (a) Aso, (b) Etna, (c) Fournaise, (d) Gamalama,
(e) Kliuchevskoi, (f) Lamongan, (g) Marapi, (h) Merapi, (i) Ngauruhoe, (j) Ruapehu, (k) Semeru,
(1) Tengger.
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Q== Trend renewal process: Best models
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Table 7. Best AIC Models and Forecasts®

. Quantiles (u) of Plig = w)lPi. = 2009.2)

Voleano Model of Parameters AlC 95th L) Madian L) 5th
Aso Cychic, n=1 6 —T710.8 2009.4 20101 2011.3 2011.4013.3 2018.0
Etna Wetbull, n=1 3 —450.6 219 3 2009 .8 2010.32010.5 2011.7 20146
Foumase Cylic, p=1, u=0 5 —414.5 2009.5 2010.5 2010.82012.3 2015.2 2021.8
Gamalama Cyclic, y=1, @=10 5 —290.0 2009.5 20108 ? 20129 2016.4 20242
Kliuchevskoi Weibull, p= 0 3 -361.3 20094 20100 2010.8 2011.3012.0 2014.6
Lamongan Gamma, n=1, u=0 3 —175.7 20102 o 20151 2024.6 20428 20825
Marapi Gamma, =1, u=0 3 —219.5 2009.7 2 20120 2016.0 2023.7 2046.8
Meram Gamma, 1= 1 4 —293.9 2010.12010.82014.1 2021.1 2033.7 20641
MNgauruhoe Gamma, =1 4 —223.6 20096 0112 7?2 20140 20158 2030.1
Ruapehn Gamma, =1, p =10 3 —119.2 20100 ? 20139 2020.7 20334 20651
Semeru Gamma, p=1, g =10 3 —216.3 20101 20144 20229 2039.7 2075.1
Tengebr Gamma, =1, p=0 3 —238.3 2010.02010,92013.5 2020.2 203318 2093.2

*LQ and UQ are lower and upper guantiles, respectively.

1 4
09 /// 8
The 1967 eruption of Semeru is continuing |
07 /// .
06 /// A
go.s— /// . i
Model potentially incorporates A 1
cycles, trends or wax/wane of r |
activity through time-rescaling | ]
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Generalized Negative Binomial (Mt Sangay) %

NB: This is a discrete time (years) model
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Focus is clustering of
eruptions (correlation
between reposes)
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Aggregating

 Asimple aggregation of the empirical repose
distributions can be used to assess the quality of
forecasts for:
e a particular volcano, and/or
e a particular model, and/or
e a particular forecaster ©

NOTE: the result is implicitly weighted by the number
of post-forecast eruptions for each forecast.
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...If we omit Etna.
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How good is this guy on non-Sicilian volcanoes that have

erupted in the last 150 years?
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...any other
volcano that
hasn’t erupted
since 1850AD
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e The method:-

e provides a tool for validating models, and in
particular the inherent degree of uncertainty in
the forecasts

o 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

e assesses whether forecasts are correct in the
context of the included uncertainty

e |t does NOT rank different forecasts

e provides a possible means of weighting
models In an ensemble forecast.
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