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View: PSH maps are forecasts of future shaking
and should be evaluated as forecasts
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Scientific goal: Evaluate PSHA
performance to better understand
and improve maps

Policy goal: Assess how good maps
should be to better help engineers
and policy makers develop cost-
effective hazard mitigation policies
given other societal needs




Meteorology shows assessment
is crucial for improvement

"it is difficult to establish goals for any
project designed to enhance forecasting
performance without an unambiguous
definition of what constitutes a good
forecast." (Murphy, 1993)
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Assessing weather forecast performance

has helped improve forecasts
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How well do probabilistic seismic hazard maps
forecast future shaking?

As for any forecast, this question involves
verification and validation.

Verification

Validation




Expected PSH map performance
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The fraction of sites at which observed
shaking exceeds the mapped value should
behave the same way.

Shaking predicted by a map with a t-year
return period should be exceeded at 1% of
the sites in t = t/100 years, 10% int =t /10
years, and 63% in t = T years.




Verification: how should ideal PSH maps work?




Stable Continental Interior Active Plate Boundary
Hazard maps for

500 & 2500 year
return periods

Shaking map (t=gQyr,41)

Simulated maximum
shaking

Shaking map (t=240 e Shaking map Shaking map (t=500 yr, #

Mo: 0.17
NRMSD: 2.32

Vanneste et al., 2017




Results (10,000 runs)
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Results (10,000 runs)
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An earthquake history can yield a fractional exceedance significantly
higher or lower than that predicted while still being consistent with the
hazard map.

Vanneste et al., 2017




Choice of parameters: Cascadia paleoearthquake record

Paleoearthquake History
recent cluster
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Recent cluster predicts 6x higher probability of quake in next 50 yr
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Validation study #1: earthquakes in Central U.S. increasing
due to wastewater injection from oil & gas production

' ' ’ ‘ PAWNEE EARTHQUAKE — OKLAHOMA
Central U.S. Sept. 2016
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USGS has started making one-year hazard maps to better understand the hazard
resulting from human activities. These are ideal for validation study due to short
time scales and good shaking data.




2016 One-Year
Seismic Hazard Map

INTENSITY

Describes both induced and natural
shaking expected in 2016.
1% probability of exceedance for a
one-year window.

Observed Shaking in 2016:
Did You Feel It?

INTENSITY

Record of maximum felt shaking
reported to DYFI.

Grey regions had no reports, but

may have experienced shaking.

Brooks et al., 2017



Comparing Observed and Predicted Shaking

Fractional Exceedance metric MO ] CEUS Predicted vs. Observed (DYFI)
MO = |f-p|

Number of Points = 25454

Probability of Exceedance p = 0.01
Observed Fraction Exceeded f =0.0173
Fractional Exceedance MO = 0.0073
Squared Misfit M1 = 4.62
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Implicit in definition of PSHA map
Binary (above/below), neglects
magnitude of misfit

Brooks et al.,
2017
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Squared Misfit metric M1
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Like visual comparison; how similar are ‘ ' v v Wi
. . Predicted Maximum Intensity
observed and predicted spatial
distributions?
Not what PSHA seeks




In areas of natural seismicity, the short time since hazard maps
began to be made is a challenge for assessing how well they work.

Still, because shaking

data were not used in

map, we get useful insight

to help identify strengths &
weaknesses and hence improve
maps.
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Miyazawa and
Mori, 2009

JMA INTENSITY
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Validation study #2: compare 510-year shaking record to
2008 Japanese National Hazard (JNH) maps using both

exceedance (MO) and squared misfit (M1) metrics
Brooks et al., 2016




Compare Predicted and Observed Shaking

Maps generally overpredict, so f<p

Predicted and observed exceedance fractions & difference decrease with return
period , so exceedance metric (MO) does

Squared misfit metric (M1) is higher for long return periods, since not enough
time has passed to observe many large events expected in 975- and 2475-year
maps
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Geller (2011) argued that Could uniform & random maps
be better?
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Smoothed Maps

How detailed should a map be?

— By exceedance metric (M0O) map improves by
smoothing over larger areas

— By squared misfit (M1), map performs best if
smoothed over 75-150 km
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Brooks et al., 2017 Intermediate level of detail may be best




a) Maximum observed intensity D) 2% Probability in 50 years  C) Deterministic
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Misfit indicates problems in the data, maps, or both.




Probabilistic forecasts are increasingly used in applications including
meteorology, finance, and demography because showing the probability
of different outcomes is useful in policy making
and gives an estimate of forecast uncertainty.
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Hard to tell if probabilistic forecasts are bad.

Because they allow low-probability extreme events,
such an event does not demonstrate a weakness in the model.

BE News Sport Weather Shop Earth Travel

Met Office three-month forecast was 'not helpful’




Assessing whether a probabilistic forecast did poorly/well because of bias or
bad/good luck is like trying to tell if a coin is fair - equally likely to come up
heads or tails if flipped - or biased.

The mean of a suite of runs converges on the expected value with smaller
standard deviation as the run gets longer.
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Summary

A single earthquake history can yield fractional exceedance
significantly higher or lower than predicted

Assessing and exploring map performance should improve maps
for both scientific and policy purposes




