
► Design eight Mw7.0-7.7 scenario earthquakes in California each with

ensembles of 10 source realizations and simulate the scenarios using 3D

physics-based simulations.

► Compare scenario ShakeMaps and PAGER from simulations and GMMs

in terms of estimated MMI, population exposure, and loss probabilities.
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Objectives

Scenario Earthquakes

ShakeMap and PAGER from Simulations

⥥ Table 1: Source descriptions for our eight scenario earthquakes. Top-center

locations and 30-year M≥6.7 exceedance probabilities are extracted from UCERF3

(Field et al., 2017), strike, dip, and rake angles are adopted from the SCEC

Community Fault Model (CFM) Version 7.0 (Plesch et al., 2024), and along-strike

lengths and along-dip widths are estimated by the magnitude-area relationships

from Wells and Coppersmith (1994).

⇑ Figure 1: Surface projections of

scenario fault ruptures shown as colored

boxes and epicenters marked by stars in

(a) northern and (b) southern California.

► Mw7.2 Newport-Inglewood Fault (Los Angles Basin Section):

• In the ensemble, MMI IX is bounded by the edges of the LA Basin;

• In the southeast-end realization, areas with MMI IX extend into San

Fernando basin near Van Nuys, largely due to directivity;

• Ensemble standard deviations up to 45% in terms of SA-3s.

⇑ Figure 2: (a-b) ShakeMap MMIs and (c-d) PAGER loss estimates generated from physics-based simulations for a Mw7.2 scenario earthquake on the Newport-

Inglewood fault, where (a, c) are from the 10-realization ensemble mean, and (b, d) show a realization with epicenter located near the southeast end of the fault.

(c) (d)

(a) (b)

• In PAGER, the ensemble estimates ~5 million people exposed to MMI IX+;

• Southeast-end epicenter realization estimates 2 million higher exposures

to MMI IX+ and a 5% higher probability of >1,000 fatalities due to directivity.

ShakeMap and PAGER from Simulations (continued)

⇑ Figure 3: (a) ShakeMap MMIs and (b) PAGER loss estimates from the ensemble

mean of a Mw7.7 scenario earthquake on the Northern San Andreas fault.

⇑ Figure 4: (a) ShakeMap MMIs and (b) PAGER loss estimates from the ensemble

mean of a Mw7.1 scenario earthquake on the Calaveras fault.

► Higher MMI aligns with the Livermore Basin outside the Bay Area.
► Northern CA scenarios estimate lower exposure (MMI IX+ below

1 million) and losses (zero >1,000 fatality probability) than southern CA;

► Largely due to sparsely and discontinuously distributed population.

► Severe ground motions are predicted in Los Angeles and San Francisco

across 10-source-realization ensembles of eight Mw7.0–7.7 scenarios, with

intra-ensemble variability reaching ±45%;

► Physics-based simulations predict 80–120% higher IMs than ergodic

GMMs in sedimentary basins, largely due to 3D basin and topographic

effects;

► Simulations estimate 10–20% higher probabilities of >100 fatalities and

larger economic losses, warranting GMM basin corrections be revisited,

particularly for the deep southern California basins.

.

Comparisons to GMMs (NGA-West2)

(a) (b)

(a) (b)

⇑ Figure 5: Natural logarithm ratios between IMs generated from the 10-realization

ensemble mean 3D simulation and those from GMMs for the Mw7.2 Palos Verdes

fault scenario, as (a) SA at 1 s, and (b) SA at 3 s. Background contours show the

depth of the Z2.5 surface, while the black box and stars indicate the fault plane

and hypocenter locations for the ensemble.

⇑ Figure 6: Simulation-to-GMM logarithm ratios for the Mw7.7 Northern San

Andreas 10-ensemble fault scenario, as (a) SA at 1 s, and (b) SA at 3 s.

► In southern California, the simulations predicts overall higher IMs than

the GMMs in basins, aligning closely with the basin–mountain

boundaries (Z2.5 surface);
► For the Palos Verdes scenario, the simulations-to-GMM difference is

larger at SA-3s, particularly along the northern LA basin edge due to long-

period surface waves from the shallow dipping fault and up-dip directivity.

► In northern CA, higher simulation-to-GMM ratios also align with

deeper sediments along San Jose - Gilroy and in the Livermore basin;
► Similar or lower IMs compared to the GMMs immediately surround the

San Francisco Bay, where the velocity model may need further validations.
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