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Problem Statement

How are earthquakes with magnitudes 
sampled from a regional G-R relation

distributed within a complex fault system?

California’s Faults
Statewide Gutenberg-Richter Relation



n Geological & 
Geophysical Data
n Mapped faults
n Historical seismicity
n Slip-rate information

n Geologic offsets
n Geodetic measurements

n Estimated Parameters
n G-R a-, b-value
n Fault coupling
n Off-fault seismicity
n M-A scaling
n Slip rate 

(mean, min, max)
n Combine geologic offsets 

with results from 
deformation models



Accumulated Slip

Earthquake “packages”

Adopting Bin (Shelf)-Packing 
Methods from the Field of 

Operations Research

Complex fault system



minimize

subject to

xj : decision vector
cj : objective function

(L1-norm misfit)
Aij : constraint matrix
mj : magnitude associated

with each xj
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 slip-rate constraints

alldifferent x1,..., xn( ) = m1,...,mn( ) mi ∈M xi( ),mi ≠ mj  for i ≠ j{ }
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 catalog-length constraint

0 ≤ x j ≤1;  x j ∈ integers}  binary constraint

Implicit constraint:
Mmax for each fault

NP-hard

Chen et al. (2010)

Formulation of Slip-Rate
Integer-Programming Problem



fault eq
strike

“unwrap”
fault

all possible
positions of  eq

earthquake catalog

constraint matrix A

binary decision vector x

…etc. for all other faults

dip



Mixed Integer Programming (MIP) Solvers

n Open Source
n SCIP
n LP_Solve
n etc.

n Commercial
n CPLEX (IBM)
n Gurobi
n etc.



MIP Solvers: Graphical Depiction
(2 variables, non-binary)

Constraints
define 

polytope



Single-Fault Results:
Fit to Target Slip Rate

Geist & Parsons (2019, GJI)



Single-Fault Results:
Cell Participation & Survival Functions

Geist & Parsons (2019,GJI)



Single-Fault Results:
Spatial Position of Large Mag. EQs

Geist & Parsons
(2019,GJI)
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