
Initiation	of	simulation-based	PSHA	
(Cybershake)	for	the	Canterbury	region

University	of	Canterbury	

Karim	Tarbali	and	Brendon	Bradley



Motivation— capabilities	of	simulations
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• Validation	of	simulated	ground	motions	for	past	
events	demonstrates	the	capabilities	of	
simulations	for	seismic	hazard	assessment

Graves	and	Pitarka (2010),	BBSA	

Razafindrakoto,	Bradley,	Graves	(2017)



Motivation— shortcomings	of	the	empirical	models
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Explicit	consideration	of	
• Directivity	effects
• Basin	generated	waves	
• Nonlinear	site	effects	
• Hypocenter location
• Stress	drop
• Slip	heterogeneity
• Rupture	velocity



SCEC	cybershake— First	attempt
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• Region:	Southern	California
• Earthquake	rupture	forecast:	UCERF	2.0
• Simulation	approach:	Graves	and	Pitarka (2010)

Key	aspects:	
• Reciprocity
• No	local	site	effects
• No	high	frequency	

Graves	et.	al.	(2010),	Pure	Appl.	Geophys.	



SCEC	Cybershake	– Evolution

5Wang	et.	al.	presentation	



New	Zealand	Cybershake— Planned	first	iteration
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First	attempt:

• Region:	Canterbury
• Crustal	model:	NZVM	v1.64	(Thomson	et	al.	2017)
• Earthquake	rupture	forecast:	Stirling	et	al	(2012)
• Simulation	approach:	Graves	and	Pitarka (2010,	2015)

Aspects	different	compared	to	the	first	SCEC	
Cybershake

• Forward	simulation,	i.e.,	no	reciprocity
• Local	site	effects,	i.e.,	empirical	and/or	simulation-
based	site	response

• Broad	band	simulation
• Utilizing	empirical	PSHA	to	identify	dominant	scenarios	



New	Zealand	Cybershake	– Aspects
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• Transition	freq =	0.25Hz;	Minimum	Vs=500m/s;	grid	
spacing=0.4km

• Slip	distribution:	5	realizations	

• Hypocenter location:	every	20	km	along	the	strike	direction;	
and	one	row	of	hypocenter along	the	dip	directions

• Empirical	ground	motion	prediction	used	for	(i)	background	
seismicity;	and	(ii)	fault-based	seismic	sources	which	
provide	a	small	contribution	to	the	hazard

• Different	computational	domains	used	for	each	simulation	
based	on	rupture	magnitude;	integration	of	all	plausible	
ruptures	in	PSHA	calculation	occurs	through	the	use	of	a	co-
located	grid	of	surface	stations	for	storing	simulation	
outputs



New	Zealand	Cybershake	– Aspects
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~500	characteristic	faults

Stirling	et	al	(2012)



New	Zealand	Cybershake	– Aspects
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• Using	non-uniform	
grid	as	a	function	of	
population	density	
and	soil	shear	wave	
velocity	for	storing	
simulation	results	



Canterbury	region	– Dominan	scenarios
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Empirical	PSHA:	
Ground	motion	model:	Bradley	(2013)
Earthquake	rupture	forecast:	Stirling	et	al	(2012)



Canterbury	region	– Dominan	scenarios
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Computational	effort:
~	50,000	core	hours



Time	Line
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• Aug	2017:	Simulations	for	50	
sources	considered

• Oct	2017:	Cybershake PSHA	results	
for	Canterbury	based	on	f=0.25Hz	
transition	frequency



Time	Line
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• Aug	2017:	Simulations	for	50	
sources	considered

• Oct	2017:	Cybershake PSHA	results	
for	Canterbury	based	on	f=0.25Hz	
transition	frequency

• Dec	2017:	Cybershake PSHA	results	
for	South	Island	based	on	f=0.25Hz

• ~	Jan	2018:	New	NESI	HPC	resources



Time	Line
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• Aug	2017:	Simulations	for	50	
sources	considered

• Oct	2017:	Cybershake PSHA	results	
for	Canterbury	based	on	f=0.25Hz	
transition	frequency

• Dec	2017:	Cybershake PSHA	results	
for	South	Island	based	on	f=0.25Hz

• ~	Jan	2018:	New	NESI	HPC	resources

• Feb	2018:	Cybershake PSHA	results	
for	Canterbury	based	on	f=0.5Hz

• March	2018:	Cybershake PSHA	
results	for	NZ	based	on	f=0.25Hz

• June	2018:	Cybershake PSHA	results	
for	NZ	based	on	f=0.5Hz



Thanks	for	your	attention

Discussion	…
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