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Focus	of	earlier	
presenta0ons/
discussions	today	

Focus	of	this	session	



Verifica(on, valida(on, and 
u(liza(on documenta(on

Verifica0on:		
•  Verifica4on	is	the	assessment	of	the	accuracy	of	the	
solu4on	of	the	computa4onal	model.	

•  To	ensure	that	there	are	no	programma4c	errors	(i.e.	
bugs)	in	the	code	that	implements	the	methodology,	and	
also	that	the	numerical	methods	are	suitable	for	the	
problem	being	considered	(i.e.	they	converge).			

•  Obvious	means	by	which	to	verify	a	computa4onal	
algorithm	are	via	comparison	with	known	(analy4cal	
solu4ons),	where	not	possible	then	against	benchmark	
solu4ons	



Verifica(on, valida(on, and 
u(liza(on documenta(on

Valida0on:		
•  Valida4on	is	assessment	of	the	accuracy	of	a	
computa4onal	simula4on	of	reality	as	measured	using	
experimental	observa4ons	

•  Unlike	verifica4on,	which	is	a	computer	science	and	
mathema4cal	modelling	problem,	valida4on	is	a	physics	
problem	–	does	the	conceptual	model	actually	provide	a	
realis4c	representa4on	of	reality?			

•  Because	earthquake-induced	ground	mo4ons	naturally	
involve	a	mul4-faceted	array	of	physical	processes	then	
ground	mo4on	simula4on	valida4on	(GMSV)	should	occur	
in	a	hierarchical	fashion	



Verifica(on, valida(on, and 
u(liza(on documenta(on

U0liza0on	documenta0on:		
In	addi4on	to	informa4on	on	V&V,	there	are	several	
addi4onal	pieces	of	informa4on	to	provide	transparency	
(and	poten4ally	reproducibility),	these	are:	
•  Specifics	of	the	earthquake	rupture(s)		
•  Computa4onal	domain	(size	and	spa4al	discre4za4on	of	the	3D	crustal	model)		
•  Temporal	discre4za4on		
•  Version	number	for	the	so/ware	algorithm,	crustal	model	and	rupture	

generator.	Loca4ons/sources	of	archived	so/ware	and	data.	
•  Specific	computa4onal	resource(s)	that	the	simula4ons	are	performed	on,	the	

number	of	compute	cores	that	have	been	u4lized,	and	the	required	CPU	hours	

to	perform	the	simula4ons.		



Verifica(on, valida(on, and 
u(liza(on documenta(on

Focus	for	the	workshop	discussion	is	on	valida0on	
	
•  Simulated	ground	mo4ons	will	never	perfectly	match	

observa4ons,	so	what	is	the	'acceptable'	level?	
	
•  My	opinion:	Performance	beWer	than	empirical	models	

rela4ve	to	observa4onal	data	(i.e.	beWer	=	lower	bias,	
higher	precision)		
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Not	
appropriate	
for	u0liza0on	
in	prac0ce	

Appropriate	for	supplemen0ng	as-
recorded	databases	to	use	in	ground	

mo0on	selec0on	

Simulated	mo0ons	appropriate	for	use	
in	quan0fying	seismic	hazard	and	in	

engineering	prac0ce	(via	GM	selec0on)	

None	
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Not	
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Appropriate	for	supplemen0ng	as-
recorded	databases	to	use	in	ground	

mo0on	selec0on	

Simulated	mo0ons	appropriate	for	use	
in	quan0fying	seismic	hazard	and	in	

engineering	prac0ce	(via	GM	selec0on)	

None	

Desired	trend	over	0me	



dra6 wording (outdated)




Case study 1: Ground mo(ons 
from SCEC Broadband PlaGorm


•  An open-source plaGorm 
providing simulated ground 
mo(ons for general 1D velocity 
models


•  4 methodologies available, all of 
which have had significant 
valida(on for general regions


Not	region	specific		
(caveat:	does	allow	user-defined	

1D	profile)	

ground	mo4ons	for	rock	sites	
only	



Case study2 : Simula(on of major 
Alpine fault earthquakes for 
Canterbury

Situa(on: There are few 
precedents for predic(on of 
ground mo(ons in Canterbury 
from a large Alpine fault 
earthquake









Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury

Situa(on: There are few 
precedents for predic(on of 
ground mo(ons in Canterbury 
from a large Alpine fault 
earthquake






Q: How can we develop 
confidence that the results from 
ground mo(on simula(on are 
robust? (i.e. equal to, or beWer 
than, the alterna(ve of using 
conven(onal empirical models)



A: Verifica(on and Valida(on




Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury


1. Adopt a methodology (Graves & Pitarka 2010, 
2015) that has been extensively validated for mul(ple 
earthquakes in different geographic regions using 
mul(ple metrics [lots of work by SCEC researchers]




Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury


2. Perform ground mo(on simula(ons using moderate-to-large 
magnitude earthquakes in the specific region of interest



Ground mo(on simula(on of 10 main events in the 2010-2011 
Canterbury earthquake sequence (Bradley, Razafindrakoto et 
al. 2015, 2016)




Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury


3. Perform ground mo(on simula(on for other events (small 
magnitude, larger magnitude if available) which are located 
outside the Canterbury basin to examine wave propaga(on 
into the basin










Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury


3. Perform ground mo(on simula(on for other events (small 
magnitude, larger magnitude if available) which are located 
outside the Canterbury basin to examine wave propaga(on 
into the basin



(a) Ground mo(on simula(on of recent events near Porters 
Pass (Nazer et al. ongoing)






Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury


3. Perform ground mo(on simula(on for other events (small 
magnitude, larger magnitude if available) which are located 
outside the Canterbury basin to examine wave propaga(on 
into the basin



(b) Ground mo(on simula(on of many small magnitude events 
(Lee et al. ongoing)






Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury


4. If site-specific response analysis (i.e. not simply Vs30) is 
used, valida(on of the general methodology, as well as its 
applica(on to this specific site (e.g. lab tes(ng, downhole array 
valida(on, deployed SM instruments at the specific site)




Heathcote Valley (Jeong et al, 2014-2016) 






Case study 2: Simula(on of major 
Alpine fault earthquakes for 
Canterbury


Summary	of	valida4on	

Areas	for	further	work	
(as	well	as	improving	bias/precision	for	

each	type	of	valida4on)	
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