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and structural response analyses, particularly for conditions with limited recorded
ground motions such as large magnitude carthquakes at short source-to-site dis-
tances. However, rigorous validation of simulated ground motions is needed for

. . hazard analysts, practicing engineers, or regulatory bodies to be confident in their

C h t A G | t L use. A decade ago, validation exercises were mainly limited to comparisons of
rI S I n e ° O u e ° simulated-to-observed waveforms and median values of spectral accelerations for

selected earthquakes. The Southern California Earthquake Center (SCEC) Ground

Mation Simulation Validation (GMSV) group was formed to increase coordination

between simulation modelers and research engineers with the aim of devising and

a S a e n a applying more effective methods for simulation validation. Here, we summarize what

V4 V4 has been learned in over a decade of GMSV activities, principally reflecting the views
of the SCEC research community but also extending our findings and suggestions for

a path forward to broader United States and worldwide simulation validation efforts.

We categorize different validation methods according to their approach and the

H 1 matrics considered. Two general approaches are to compare validation metrics from
I n a n C I a S u p p O r ro I I l simulations to those from historical records or to those from semi-empirical models.
Yalidation metrics are categorized into ground motion characteristics and structural
responses. VWe discuss example validation studies that have been impactful in the

past decade and suggest future research directions. Key lessons learmed are that
validation is application-specific, our outreach and dissemination need improvement,
and much validation-related research remains unexplored.
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Introduction

Validation

e Comparison of analysis
predictions to data

 Aim is assessment of whether
the analysis method captures
key features of data



Introduction

Need for simulations

Fill data gaps

(a) Active Tectonic Regions

(b) Subduction Zones

g T T T T T T T T T T T T TTTT1]
o o [ NGA-West2 1
S 8 6 o o o
3 | 5] om0 nn;; :nD
c7
© - Boag @ a
=6
"GC‘)‘ L
€9
O b
=4 -
3 . Ll :| ] Pc|ﬁi o
0.1 1 10 100 10
R, (km)

(c) Stable Continental Regions
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Introduction

Need for simulations

* Assess impacts of particular
conditions for ground motion
modeling

¢ Simulation results : :
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Introduction

Simulation methods
* Physics-based stochastic



Introduction

Simulation methods
* Physics-based stochastic

 Deterministic and hybrid
methods

@m Present focus



Validation for ground motion prediction

Ground motion scaling

e Refers to how ground motion
changes in response to changes
In @ parameter

e.g., distance-scaling




Validation for ground motion prediction

Ground motion scaling GMM

Given R

Abundant
Data

Ground Motion IM

e Critical component of GMMs
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Validation for ground motion prediction

Validation methods

Waveform comparisons to data
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Modified from Graves and Pitarka, 2010

Issues:

1) Potential for circularity

2) High-frequency components of
ground motion may not be
considered

3) Difficult to assess scaling
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Validation for ground motion prediction
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Issues:
1) Data limitations
2) Potential for circularity
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Validation for ground motion prediction

Ground motion scaling

Validation methOdS I |||||”| T T TTTTIT T IIIIIIII
* Waveform comparisons to data
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Validation for ground motion prediction

Validation methods

Ground motion IM comparisons
to GMMs
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Issue: GMM limitations beyond data
range
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Closure

Value of independence in validation research

ldeal sequence:

* Initial validation > model improvement — updated validation
* Results in improved models and parameter selection protocols

Need for validation continues

 Advancements in simulation methods (3D, dynamic rupture)
* Greatest validation needs: scaling, aleatory (sigma), epistemic
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