
Do we need and want physics-based EQ 
models for our SiERRa TAG?

• Can EQ models always produce 
what you want?

– Yes: if you are given very (too?) wide 
of freedom to choose your model 
parameters! An example: a single-
event dynamic rupture model.

– No: if you are constrained by 
paleoseismic observations of event 
types, frequency, intervals etc!=> 
Earthquake-cycle models.

• Does SiERRa need a modeling 
component?
– No: If we do not have enough funds 

=> observation-focused investigations 
should always come first; or if we are 
very skeptical of EQ models => not 
trustworthy.

– Yes: if we really want to assimilate 
available and new observations; if we 
want to do physics-based 
forecasting/assessment.
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Using a Dynamic Earthquake (EQ) Simulator to 
explore complex fault slip over EQ cycles

• Current ways to model fault slip 
behaviors, in particular EQ rupture
– Dynamic rupture modeling: rupture 

physics; single-event w/ assumed initial stress 
condition

– Quasi-static EQ cycle modeling: earlier 
days; some EQ simulators

– Quasi-dynamic EQ cycle modeling: 
major way currently, radiation damping 
for coseismic process

– Fully dynamic EQ cycle modeling
– Earthquake simulators: most quasi-

static? RSQsim: Quasi-dynamic
– SEAS: quasi-dynamic or fully dynamic
– …

• Our group’s focus: FEM-based 
dynamic EQ cycle simulations with 
real complexity in geometry and 
CVM and as many physics as 
possible - EQdyna
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Using a Dynamic Earthquake (EQ) Simulator to explore 

complex fault slip over EQ cycles
• Complex fault geometry: an example 

• Complex interactions: e.g., SSE & megathrust along subduction zone? (Meng & Duan, 2022, SRL)
• More physics: e.g., Fluid effects – Dilatant hardening in 3D permeability structure (Tang and Duan, submitted)
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