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What to expect from this talk:

1. A plea to stop using best-fit models (point estimates) for forecasting seismicity in general and frequency-
magnitude distributions in particular

2. A demonstration:
« Why this is so important when estimating a corner magnitude for a tapered magnitude distribution

«  Why you (kind of) get away with point estimates for b-value estimation
 But first

»  Why do we care in the first place?

» What is a tapered magnitude distribution?
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Why do we care about describing earthquake sources?

EARTHQUAKE HAZARD EARTHQUAKE RISK

A description of the = Historic & contemporary Earthquake hazard
earthquake source NV records of earthquakes I

_|_

Local soil condition

+

] Exposure:
Density of buildings and people
A

A
/’\ Data on geological &
tectonic setting

_|_

_|_

Vulnerability of buildings

_gT Ground shaking models

|
|
\

©))

m innovation
for life




What is a tapered magnitude distribution?

Earthquake magnitudes for a given system tend to be distributed exponentially (Gutenberg-Richter)

Because faults have a finite size, and energy budgets are finite, the G-R distribution cannot be valid for the entire
magnitude range up to oo.

. A physically plausible and popular choice to describe the deviation from a classical G-R distribution: a tapered
Gutenberg-Richter distribution

Earthquake hazard and risk are largely controlled by the large earthquakes (the rare earthquakes, the earthquakes
in the tail of the magnitude distribution). So it’s important to get the description of the tail right!

v 7\

107" 4

—

3

P(M =m | M = Mmin) = lO_b(m_Mmin) X e—loz(m_MC)

—

P(M > m|M > M,

=
o

=
o

m innovation
for life

)
Mmin



full catay,
0g
CN-region

1000

£ 100

3

Q

[&]

[0

=z

=

3

E —&— CMT catalog
6 10 —

tapered G-R distribution
(beta=2/3, m =5.8)
1
4.5 ¥
5.0 55 60 =
. Magnitude - 6.5
1000
e CMT catalog, 1982:Mar2008 b ] ~ —— Tapefed
_ — beta=062,mc=831 ~ Unbounde

——beta=062,me=759 ~ - -

— — beta=062,mc=734

3
probab'\\'\t‘f
2
o
\”

°

1997.11.08 Tibet \*
2005.10.08 Pakistan\
1599.08.17 Tutkey\

1999.00.20 Taiwany

2001.11.14 Tibﬂ\‘

Number in catalog with magnitude > m

Aan-?

2002.11.03 Alaska

55 60 65 70 75 80 85 9.0

Moment magnitude, m

+ Data
—— GR-Fit ]
o— Lower-Bound-Fit . Exact Equation
Lower-Bound-Fit - Approximation

Tectonic zone 2: Slow-spreading ridge

—e— CMT catalog, 1982-Mar2008

— — beta=0812,mc= 10
—beta=0812,mc=7.38
_ — beta=0812,mc =705

3

=3

\
1984.11.01 WMid-Atlantic R\ &
1983.10.22 South Am.Antaretic R\ %\

1982.01.03 Mid-Adantic Ridge

Number in catalog with magnitude > m

GR LB-exact

1962.07.07 Pacific-Antar ctic Ridge W .
A \2uosm,o2 Mid-Adantic Ridge 3.69+0 05 a
\ ~ =2 60 03 a= 3. . =
" 2003.07.15 NW Indian Ridge 0.5 a~= 3.9 . =L, b= 0.7
55 60 65 70 75 80 85 20 b= 0.940.01 o 0.7820.0% My = 3.97+0.0 \{\ -

My = 3.99::07.94;”” /| = - _
1*05 2.0 2.5 3.0 3.
Magnitude

Moment Ma nitude, m
d 0.0

I



A demonstration

« Key question: How good are we at estimating the true magnitude distribution from an observed catalogue?
» Inreal cases, we don’t know the ‘true distribution’ (that’s why we estimate it)
« We don't even know if a (tapered) Gutenberg-Richter is an appropriate model to describe the earthquake source
» But we do typically use these models in our forecasts

* So at the very least, we should know how good we are at estimating the true magnitude distribution when we know
that the EQ source is in fact a (tapered) Gutenberg-Richter distribution.

+ Let’s investigate our success inferring the true magnitude distribution from synthetic catalogues with a known ground
truth. That way we can actually check our answers

* Note that we’re not interested in retrieving the true values of b or M, but rather in retrieving the true magnitude
distribution (e.g. how good are we at estimating the probability of exceedance of M5.0?)
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P(M==m)

A demonstration

v" Complete
v" Magnitudes are infinitely accurate
v' 2000 events
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A demonstration

Catalogue size: 2000

How do I base a forecast on this likelihood distribution of b?

P(b|M) ~ P(M|b) x P(b)
Posterior Likelihood £ ]
probability
0.0 J. : J , \_ , JI
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A demonstration

P(b|M) ~ P(M|b) x P(b)

Posterior Likelihood
probability

 State of the art (for decades) is to assess seismic hazard and risk probabilistically: We want our forecast to
models consistent with the observations, weighted by their respective

probabilities: the Posterior Predictive Magnitude Distribution

take into account all
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A demonstration

take into account all
probabilities: the Posterior Predictive Magnitude Distribution

P(b|M) ~

P(M|b) x P(b)
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State of the art (for decades) is to assess seismic hazard and risk probabilistically: We want our forecast to

models consistent with the observations, weighted by their respective

Catalogue size: 2000

10°

1071 3

1072 5

1077 4

P(M=>=m)

10—5 e

1076 4

10-7 4

1078

1074 4

= Ground truth (b=1.0)

Posterior predictive 1
Posterior predictive 2
Posterior predictive 3
Posterior predictive 4
MLE

3
Magnitude

Probability

\ Posterior 1
] __ .
17.5 4 ,'l l1 Posterior 2
[H 1 = = Posterior 3
:I 1] = = Posterior 4
15.0 HiHE
: rll':u
it
TERTE
12.5 (HET
0o
T
THET
10.0 - By
Hh | 1
o)
oy
7.5 TH
THETT
(M 1
HHELL
I i
5.0 '” 1
ﬁ, 1
HHEY
Hh LT
2.5 1 ht 1"
HA 11
h LAY
¥ Wi
0.0 . - _— ; -
0.6 0.8 1.0 1.2 1.4
b-value

m innovation
for life



A demonstration

Slope parameter b

Importance of prior Minimal
Importance of data Large
Performance of PPMD | Very good
Performance of MLE Surprisingly good*
Shape of likelihood Symmetrical
distribution

* For a reasonable size catalogue. (We still shouldn’t use it)
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P(M==m)

A demonstration

v" Complete
v" Magnitudes are infinitely accurate
v' 2000 events

Catalogue size: 2000
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A demonstration

+ All we have to do is choose a prior distribution!

* A uniform distribution?

« U[MO0.0;M6.5] : Uniform in moment magnitude

o U[M10'?;M10'°]: Uniform in seismic moment

e U[Z0;¢10712]: Uniform in inverse seismic moment
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* MLE systematically underestimates the true distribution

» Posterior predictive models don’t change for different ground
truths: they are dominated by the prior, because the data
doesn’t contain much information about the tail

Different ground truths
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P(M=>=m)
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A demonstration

Slope parameter b

Taper parameter M,

Importance of prior

Huge

Importance of data

Only rules out low values of M,

Performance of PPMD

Only good if your prior was good

Performance of MLE

Almost universally bad

Shape of likelihood
distribution

Asymmetrical




In summary, I've presented

1. A plea to stop using best-fit models (point estimates) for forecasting seismicity in general and frequency-
magnitude distributions in particular

2. A demonstration:
«  Why this is so important when estimating a corner magnitude for a tapered magnitude distribution

«  Why you (kind of) get away with point estimates for b-value estimation

3. What to instead:

* Use a Posterior Predictive model which takes into account all plausible models consistent with the observations,
weighted by their respective probabilities

« This requires thinking about and justifying a prior distribution, which can be difficult to do. This is where we need
scientific progress and discussion!

m innovation
for life




The extremely condensed take-away

. ‘Best-fit model’ is a generous synonym for ‘least terrible single model’. But using a single

model to forecast is a terrible idea in itself.

. If the choice of prior matters... the choice of prior matters!

. Even if a model isn’t directly feeding into an SHRA, these aspects shouldn’t be ignored.

Our work has societal relevance and impact!
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