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 Scaling comments



Robust Statistics:  going beyond ordinary least squares fits

• Robustness (not sensitive to outliers)


• Median vs mean and outliers


• AIC (Akaike Information Criteria):  penalizes fits that use more parameters


• Orthogonal regression (take into account uncertainties in X as well as Y axis

Some Robust Statistics Concepts:



Be careful with Least Squares fits!

• Assumes normally distributed errors


• Sensitive to outliers (non-robust)


• Particularly sensitive to outliers at high and low ends of data


• Systematic errors can distort fits

For example, if constant location error uncertainty, 
small magnitude area estimates biased high
exponent fit for magnitude versus area will have lower slope



AIC (Akaike Information Criteria)

Penalizes fits that use more parameters

AIC= -2 L +2k

L Ln likelihood
 k    number of parameters

Allows you to compare relative fits of different functional forms



 Scaling and Robust statistics: Bigger aftershocks happen farther away

[van der Elst and Shaw, 2015]Distance from centroid of aftershocks



Exponent in aftershock falloff impacted by finite seismogenic thickness

Can’t just use power law fits naively

Linear density falloff of aftershocks M4 main shock
Appears “fractal” if don’t account for seismogenic depth

Finite thickness impacts falloff



 Falloff consistent with static stress drop

Maximum likelihood estimate:

Density with distance:

Assuming:

Density of aftershocks from centroid falls as r -3

With inner scale length corresponding to 3Mpa
After accounting for finite seismogenic thickness  N(r)



Rupture plausibility filter

Using simulator as guide to developing statistical rules for hazard rupture set

Develop robust measures of coulomb interactions to describe potential ruptures



Some statistical coulomb measures

Problem with mean measure is 1/r    stress interaction dominated by small r3

Use more non-dimensional and fractional measures



Fraction positive Coulomb interactions



Relative Coulomb probability



Resulting rupture rules very compatible with simulator set


