


The Heterogeneous Stress Model 
Initial stress that is random heterogeneous and self-similar, being 
statistically the same at different length scales, can explain

1. The number-size distribution of earthquakes with b = 1.
2. The stress drop distribution being independent of magnitude.

Andrews and Barall (2011) and Andrews and Ma (2016) propose

1. The physics of slip on a rough fault (and all other complexities) 
can be subsumed into an emergent law of self-similar stress on a 
planar fault.

2. Rupture length is determined by long-wavelength stress 
variation that should be part of the same spectrum as the 
shorter wavelength heterogeneities. 

3. Rupture stops naturally due to long-wavelength stress variation.
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Andrews and Ma (2016)

The random field is used to 
generate a fluctuating ratio of 
initial shear stress to normal 
stress on the fault.

The normal stress increases 
linearly with depth with 
conditioning at the base of 
seismogenic depth.

A time-weakening friction law 
to allow stress to drop as 
abruptly as possible.

A finite-element method with 
variable mesh sizes along 
depth is used. Simulation is 
accurate up to 3 Hz.
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1D Structure for a hard rock site, VS30 = 760 m/s

min Vs = 579.1 m/s
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Mean Spectra and Within-Event Standard Deviations (M7.0)

Andrews and Ma (2016)
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Andrews and Ma (2016)

Mean Spectra and Standard Deviations (M7.0)

The fit depends on a 
correct match of the 
self-similar random 
stress spectrum to the 
specified 2D lowest 
mode of initial stress. 

Other rupture 
parameters have a 
minor effect.

RJB = 10 km





One Realization (M6.0)



One Random Realization (M6.5)



Another Realization (M6.5)



 

The fit to the response spectrum found here depends on a correct 
match of the self-similar random stress spectrum to the specified 
2D lowest mode of initial stress.  

Other rupture parameters have a relatively minor effect.  

This is a spectacular confirmation of the hypothesis that 
earthquakes are governed by a self-similar stress spectrum.  

 

Parameters needing adjustment:  

Dynamic friction to limit super-shear rupture propagation.  

Energy absorption at shallow depth to limit extent of shallow slip.  

 

 

Other work 

Prescribed rupture boundaries 

Rough fault 

 

This model is simpler to calculate.  

It provides synthetic ground motion useful to engineers.  

The physics of slip on a rough fault is subsumed into an emergent 
law of self-similar stress on a planar fault.  

This model is simple conceptually. There are no arbitrary 
parameters other than those that specify moment and rupture 
length and width.  

 


