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W H A T  T H I S  E N A B L E S

Validation & Impact

I Validate the mean ground motion curve

Compare high-fidelity simulated IM distributions against empirical 
GMMs and ground motion records across frequency, distance, and site 
class — establishing simulation-based hazard curves.

II Quantify the spread (sigma)

Decompose total variability into source, path, site, and model 
components using ensemble simulations. Identify which sigma terms are 
reducible with better physics.

III Fill the near-fault data gap

A rich near-fault library — directivity pulses, hanging-wall effects, 
supershear signatures — dramatically expands the observational record 
where recordings are sparse.

IV
Quantify effects on structures, infrastructure & 
people

Apply validated waveforms in nonlinear structural models to produce 
loss, downtime, and casualty estimates — physics-informed risk at 
portfolio scale.





T H E  S I M U L A T I O N  A R C

NOVA: Next Generation Open Source Validated and AI-
Powered
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Hi-res CVMs · ML surrogates · UQ
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3D surface model · Beyond Vs30
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Broadband · Near-fault · 
CyberShake

05
STRUCTURAL

RESPONSE

GMSVU · AI-NLRHA · Life safety

Validated end-to-end — from the fault to the foundation of every building.



01
EARTHQUAKE
SOURCE

K E Y  I N N O V A T I O N S

Beyond UCERF2
Updated fault geometry, multi-fault ruptures, improved recurrence — the next-generation California 
trupture forecast.

Moment–area scaling reassessment

Quantify epistemic uncertainty across competing scaling branches.

Physics-based multi-cycle simulations
Long synthetic earthquake catalogs → time-dependent hazard portfolios and earthquake sequence 
clustering.  Dynamic rupture-based rupture forecasts

Supershear rupture scenarios
Capture the distinctive near-fault radiation patterns absent from sub-shear models on major strike-
slip faults.

AI- accelerated
Accelerate earthquake cycle simulations and dynamic fracture modeling by at least 3 orders of 
magnitude using FNOs and flow matching methods. → UQ grounded in physics



02 3D VELOCITY MODELS
A D V A N C I N G  W A V E  P R O P A G A T I O N

Computational infrastructure Innovation for high-resolution models

UCVM—Next to ingest new and high-resolution community velocity models (CVMs) as they emerge — enabling seamless model swapping, version 
control, and multi-branch ensemble comparisons.

Machine learning surrogate models for 3D wave fields

Train spatiotemporal ML surrogates on large-scale AWP-ODC corpora to emulate fast 3D wave field propagation — eliminating the need to re-run 
full physics simulations for each scenario. FNOs, ROMs, and flow matching methods

Uncertainty quantification for velocity model ensembles

GOAL  →  Velocity model uncertainty becomes a quantifiable, reducible component of total ground-motion sigma.

Propagate CVM uncertainty (parametric + model-form) through simulated ground motions. Quantify the fraction of total sigma attributable to 
velocity model uncertainty in CyberShake outputs. (Polynomial Chaos Expansion and Sobol Indices)



03
SITE
RESPONSE

⎡ Vs30  (baseline)

⎢ Vs profiles

⎢ Site period  Ts

⎢ H/V spectral ratio

⎣ Impedance contrast

A I - P O W E R E D  I N N O V A T I O N S

3D surface model construction
AI integrates Vs30, Vs profiles, H/V ratios, and site period maps into a unified 3D 
near-surface model,  filling data gaps.

AI—accelerated Waveform propagation through 3D sites

Propagate CyberShake waveforms (regional 3D CVM) through high-resolution 3D 
site models to capture local amplification effects beyond what 1D models provide
(BBP-Next) .

Site characterization database
Aggregate borehole logs, CPT, HVSR records, array measurements, and remote 
sensing interfacing with UCVM.
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FROM LIFE SAFETY TO 
FUNCTIONAL RECOVERY

04 U T I L I Z A T I O N

Utilization

Beyond response spectra
Direct application of broadband waveform sets in structural time-history 
analysis

Direct waveform utilization
Feed CyberShake outputs into building and infrastructure models; retain 
phase, duration, and nonstationarity.

Large scenario ensembles

AI-ACCELERATED  ·  Nonlinear Response History Analysis

Surrogate models for NLRHA
Train fast ML emulators of nonlinear response to run thousands of ground 
motion scenarios without full FE analysis.

Portfolio-scale assessment
Apply across buildings, bridges, lifelines, and distributed infrastructure using 
structural archetype models.

People & community impacts
Select from thousands of source-path-site combinations in the CyberShake 
database.

Translate structural response into casualty estimates, downtime, and loss 
metrics for resilience planning.
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