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Introduction to FFMs
• 2004 Mw 9.0 

Sumatra-Andaman 
earthquake

• 2005 Mw 8.6 
earthquake to south

• Rupture areas are 
shaded

Rupture areas: USGS Seismicity of the Earth 
1900-2012: Sumatra and Vicinity 



• 2011 Mw 9.0 
Tohoku-oki 
earthquake

• Rupture area is 
shaded

Rupture area: Ozawa et al. (2011)
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• Large earthquakes (Mw 7.0+) occur over a 

finite area, and cannot be treated as a 
point source or a single rectangular fault

• In general, these large events have 
complex slip distributions and timing

• Constraining distribution of large slip is 
important for strong shaking predictions, 
tsunami generation, and stress change



Introduction to FFMs
• Using teleseismic and regional seismic 

data (sometimes in conjunction with 
geodetic observations), can constrain 
earthquake slip distribution

• Finite Fault Model (FFM)
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USGS Event Page
2015 Mw 7.8 Nepal 
earthquake
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Introduction to FFMs
• Fault divided into 

small rectangular 
patches called 
“subfaults”

• Each subfault can 
be considered to 
be an earthquake



Introduction to FFMs
• The problem: find 

the origin time
and slip of each 
subfault that 
generates best fit 
to observed data



Introduction to FFMs

An FFM is produced 
by the USGS for 
every event Mw 7.0 
and larger.

Other solutions can 
be found online or 
in publications.
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RakeSlip (cm) Strike Dip
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Rupture Time



Introduction to FFMs
• Each of these subfaults is a rectangular 

segment that can be used with O92UTIL
• FFMs in the USGS subfault format can be 

directly input in O92UTIL using the -ffm
option

o92util -ffm ffm_file -sta station.dat
-haf hafspace.dat -trg target.dat
-disp disp.out -coul coul.out

See also: Hayes, G.P. (2017). The finite, 
kinematic rupture properties of great-sized 
earthquakes since 1990. EPSL.



Introduction to FFMs
• Example: 2011 Mw 

9.0 Tohoku 
earthquake

• Observed surface 
deformation in 
black, modeled 
displacements in 
red



Introduction to FFMs
• Example: 2010 

Mw 7.0 Darfield 
earthquake

• Modeled stress 
change from the 
rutpure
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