Simulation-based ground motion prediction of
historical and future New Zealand earthquakes
and consequent geohazard impacts
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Context

Spectral acceleration, SA(1s) (g)

Empirical Physics-based
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Ingredient 1. Seismic source

* Fractal complexity in source
modelling

* Uncertainty analysis to account for
different source representations
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Ingredient 2. 3D crustal model

* Sedimentary basins critical for adequate simulation
prediction

Sedimentary basin model for Canterbury, NZ
- (Lee et al. 2017)
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Ingredient 3. Surficia

site effects

e Difficu
— regi

Ity in modelling
onal effects (10-100km scale)

— site-specific effects (1-10m scale)

e Model

ling site response via:

— Vs30-based empirical factors
— Explicit site response via wave

propagation analysis s

Step 2

: Viscoelastic Step 3: Nonlinear

deconvolution site response
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Step 1: 3D

AVAVAVAVAV.

viscoelastic simulation

de la Torre et al. (2017)
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2010-2011 Canterbury and
2016 Kaikoura earthquakes
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2010-2011 Canterbury and
2016 Kaikoura earthquakes

e All simulations utilize the same methodology and input
parameters, with only rupture models and simulation
domain varying between events
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Ground motion simulation

[Video: https://www.youtube.com/watch?v=j{9c-Fwhaigc ]

Bradley et al (2017)



Observed ground motions
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Observed and simulated motions
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Observed and simulated response spectra
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Simulation residuals
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Validation

e Validation is critical for demonstrating the (potential) superior performance of
simulations over conventional empirical models

144 Mw3.5-5.0 earthquakes recorded

at 46 stations (Lee et al.
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Systematic effects from validation
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Seismic Sources
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Validation and utilization guidance

Complexity of metrics used for validation
Other IMs Complex system
Qualitative Response (duration, (MDOF)

waveform spectra inelastic SDOF) response a

Appropriate for supplementing as-

Generic recorded databases to use in response
region . .
history analysis
Specific
geographic Not
region appropriate
for

utilization in

Appropriate for quantifying seismic
practice hazard as well as response history
analysis

Specific
source-to-
site azimuths

Spatial extent considered in validation

Site-
specific

‘Validation matrix’ for simulation
utilization (Bradley et al. 2017) ¢



Seismic hazard using simulated ground motions

There are ~500 major mapped faults in NZ
Simulated ruptures considering uncertainties ( ~3,200 ruptures modelled in v18.5)
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Uncertainties in source and crustal models

Source representation
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Seismic hazard using simulated ground motions

Simulations stored on a grid of ~20,000 spatial locations
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Software workflow and Integration
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Hazard maps

Example: PGV, 2% in 50 years
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Logic trees for model uncertainty

* Simulation-based ground motion prediction incorporated in
logic tree along with empirically-based predictions

* Predictive capability of modelling alternatives drives model
weight

Aspects of models with epistemic uncertainty

i« N
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N g
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Branch j————————"--=======-:
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Baker, Bradley, Stafford (2018, Cambridge Press)
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Predictive capability over time

Prediction uncertainty

1.5

—

o
(&)

Cross-over a function of:

* Region
g | * GM features of
. . . interest
Empirical Physics-based simulation A
=T
Q o OO
8 A
A f % .
O - 3 O A
H o M
E O L
s A
| Strasser et al. (2009) : ?
| s \ | s ! | s . . s | s s ! s >
1970 1980 1990 2000 2010 2020 2025

Publication Year

23



On-demand simulation ‘data-as-a-service’

 How engineers/other users will obtain desired results, e.g.: SeisFinder 2017
demonstration prototype [video:
https://www.youtube.com/watch?v=Aaiy a3lbdY ]
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SeisFinder is a web application to enable the extraction of high- News

fidelity outputs from computationally-intensive earthquake « 03072017 Intensity Measures for Events
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providing information from ground motion simulations in a range More...

of formats, but we intend to provide outputs that cover the full
hazard-to-impact pipeline of earthquake loss and resilience
calculations.
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From ground motion to geohazards
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Applied to distributed infrastructure

Direct vs dependencies-based
) . etroleum
network disruptions water supply

Hierarchical network of network models
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Legend
@ Earthquake source
A Strong motion/broadband station
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Leveraging exponential technologies

Number of ground motions

* Measurements: doubling every 4.4 years
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Leverages exponential technologies

* Computing hardware: Doubling every <2 years
+ increases in utilisation efficiency

New NeSI HPC Platforms

10% _ —
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HPC useage
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Year
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Leverages exponential technologies

e Software: Machine Learning (Neural Nets)

Feature Feature Feature Feature Hidden Hidden
Inputs maps maps maps maps units units Outputs
3@32x32 32@18x18 32@10x10 48@6x6 48@4x4 768 500 2
%
Convolution Max-pooling Convolution Max-pooling Flatten Fully Fully
5x5 kernel 2x2 kernel 5x5 kernel 2x2 kernel connected connected
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