
Tutorial:	QGIS	demo	part	2		
and	Italian	NSHM	demo	part	1	

QGIS:	
•  Projected	coordinate	systems		
•  Creating	shapefiles	

Italian	National	Seismic	Hazard	Model	(NSHM):	
•  Adding	an	area	source	to	the	source	model	
•  Introduction	to	simple	logic	trees	
•  Running	the	Italian	model	



A	quick	linguistics	lesson	

Heteronyms:	words	that	are	spelled	the	same,	
but	have	different	meanings	and	pronunciations	
•  Examples:		
– Lead:	“to	guide”	vs	Lead:	(Pb)	the	metal	

– Project:	A	task	(in	GIS:	a	job	with	all	your	data	
layers	and	formatting)	

– Project:	to	display	in	2D	(in	GIS:	project	data	with	
geographic	coordinates)	



What	is	“projection”?	
•  A	geographic	coordinate	system	represents	the	
earth	as	a	spheroid,	where	location	is	given	by	
latitude	and	longitude,	with	units	of	degrees	

•  A	projected	coordinate	system	represents	the	
curved	surface	of	the	earth	as	something	flat	

•  A	coordinate	reference	system	defines	how	the	2D	
map	is	related	to	true	positions	on	earth	

	
	
https://docs.qgis.org/2.8/en/docs/gentle_gis_introduction/
coordinate_reference_systems.html	





Example:	Mercator	



Example:	Mollweide	equal	area	



Example:	Plate	Carree	

In	QGIS,	if	WGS	84	is	selected	as	the	project	CRS,	this	
projection	is	automatically	used	



Example:	Robinson	projection		



In	practice…	
•  You	might	want	to	use	data	or	layers	that	use	
different	coordinate	systems	

•  Example:	OpenMapLayer	is	defined	using	a	
projected	coordinate	system	(pseudo-
mercator)	but	the	ISC-GEM	catalogue	uses	a	
geographic	coordinate	system	

•  GIS	will	apply	a	transformation	to	the	
individual	layers	so	they	are	all	projected	in	
the	same	CRS	(note:	the	files	themselves	are	
not	changed!)	



Recall	from	last	time	

•  In	the	VirtualBox,	open	QGIS	
•  Load	the	OpenStreetMap	into	Layers	
•  Set	the	project	CRS	to	WGS	84	(EPSG:4326)	



Basemap	example	

Let’s	add	the	default	web	basemap	to	QGIS	

Note:	web	basemaps	
require	internet	during	
initial	download,	then	they	
remain	loaded	in	QGIS	

Ø 		Click	OpenStreetMap	



Basemap	example	
Display	basemap	in	terms	of	lon,	lat	(to	be	consistent	with	OpenQuake)	
by	setting	the	coordinate	reference	system	(CRS)	to	WGS	84	
Ø  		Project	>	Properties	>	select	WGS	84		



Creating	shapefiles	in	QGIS	
•  Recall:	shapefiles	are	vector	files	

Add	vector	file	

New	shapefile	layer	



Creating	a	shapefile	
New	shapefile	layer	



Creating	a	shapefile	
1	

2	
3	

① 	Choose	what	you	want	to	name	the	shapefile,	and	
where	you	want	to	save	it	(note:	the	suffix	must	be	
“.shp”)	

② 	Define	the	geometry	type.	For	area	sources,	we	will	
use	polygons	

③ Choose	the	CRS.	For	OpenQuake,	always	define	using	
latitude	and	longitude	(WGS	84,	EPSG:4326)	



Creating	a	shapefile	

Shapefile	is	
added	to	the	
Layers	menu	

Toggle	editing	

•  With	the	shapefile	selected	in	the	
Layers	menu,	enter	editing	mode	

	



Creating	a	shapefile	

Shapefile	now	
shows	“edit	
mode”	

Add	polygon	feature	

•  Choose	“Add	polygon	feature”	
•  Click	to	draw	the	coordinates	of	your	
polygon	

•  Right-click	to	finish	the	polygon	
	



Creating	a	shapefile	

Shapefile	now	
shows	“edit	
mode”	

Add	polygon	feature	

•  Choose	“Add	polygon	feature”	
•  Click	to	draw	the	coordinates	of	your	
polygon	

•  Right-click	to	finish	the	polygon	
	



Creating	a	shapefile	

New	buttons	for	saving	and	
editing	features!	



Creating	a	shapefile	

New	buttons	for	saving	and	
editing	features!	

Vertex	tool	

Always	save	before	closing	the	editor!	



See	the	shapefile	attributes	

Open	attribute	table	Use	the	Identify	feature	button	



See	the	shapefile	coordinates	
Select	features	in	viewer	

Invert	selection	
Select	features	from	table	

•  With	the	feature	cell	
highlighted,	type	“ctrl+c”	
to	copy	the	cell	contents	

	



See	the	shapefile	coordinates	
•  From	the	File	Manager,	open		
Applications	->	Accessories	->	Leafpad		

•  Inside	Leafpad,	right-click	-
>	paste	or	type	“ctrl+v”			



See	the	shapefile	coordinates	

Use	Options	->	Word	wrap	to	see	on	many	lines		

•  Coordinates	inside	of	Polygon()	are	comma	
separated	and	in	latitude/longitude	(WGS	84)	

•  The	first	and	last	coordinates	are	the	same	to	
complete	the	polygon		



Example:	Italy	Model	

Seismic	sources	(left)	used	in	Italian	National	Seismic	Hazard	Model		

•  Together,	we	will	implement	one	source	branch	of	the	Italian	
National	Seismic	Hazard	Model	(NSHM)	in	OpenQuake	

•  You	will	take	the	same	steps	during	your	project	



Publications	

*	



Publications	*	



Example:	OpenQuake	
•  In	the	File	Manager,	navigate	to	ItalyExample	
•  Includes	all	the	files	we	need	to	run	the	OQ	engine,	
and	an	extra	folder	with	shapefiles	that	show	the	
sources	for	the	demo	



Example:	OpenQuake	



Example:	Italian	NSHMP	in	OpenQuake	

•  Here,	we	are	implementing	one	branch	from	the	Italian	
NSHM	

•  source_shapefiles	contains	the	shapefile	representation	
of	ssm.xml	(only	ssm.xml	is	needed	to	run	the	engine)	

•  All	of	the	characteristics	of	the	sources	are	stored	as	
‘attributes’	in	the	shapefile		

	

What	are	some	of	the	‘attributes’	we	should	
expect	to	find?	



Exercise:	Implement	an	area	source	

•  Open	the	shapefiles	in	QGIS	
•  Look	at	the	source	attributes	
•  Compare	the	attribute	table	to	the	source	file	
ssm.xml	

•  We	have	removed	one	source!	Together,	we	
will	add	this	source	to	the	xml	
– Define	the	area	source	perimeter	in	QGIS	
– Find	the	other	attributes	in	the	publications		
– Add	everything	into	a	new	source	in	the	xml	



Exercise:	Implement	an	area	source	

•  Open	the	shapefiles	in	QGIS	(don’t	forget	to	
specify	the	correct	CRS!)	

•  Look	at	the	source	attributes	
•  Compare	the	attribute	table	to	the	source	file	
ssm.xml	

•  We	have	removed	one	source!	Together,	we	will	
add	this	source	to	the	xml	
–  Find	the	other	attributes	in	the	publications		
– Define	the	area	source	perimeter	in	QGIS	
– Add	everything	into	a	new	source	in	the	xml	



Load	the	shapefile	into	QGIS	
Ø 		Click	Add	Vector	Layer	



See	the	shapefile	attributes	

Open	attribute	table	
Use	the	Identify	feature	button	



Source	characteristics/attributes	
•  Source	ID	
•  name	
•  tectonic	region	type	
•  magnitude	scaling	relationship	
•  rupture	aspect	ratio		
•  upper/lower	seismogenic	depth	(2	col.)	

•  magnitude	range	(2	col.)	
•  GR	parameters	(2	col.)	
•  Characteristic?		
•  [strike,	dip,	rake,	weight]	
•  [hypocenter	depth,	weight]	
•  source	type	
	Not	listed:	Polygon	coordinates	

	



Exercise:	Implement	an	area	source	

•  Open	the	shapefiles	in	QGIS	(don’t	forget	to	
specify	the	correct	CRS!)	

•  Look	at	the	source	attributes	
•  Compare	the	attribute	table	to	the	source	file	
ssm.xml	

•  We	have	removed	one	source!	Together,	we	will	
add	this	source	to	the	xml	
–  Find	the	source	attributes	in	the	publications	
– Define	the	area	source	perimeter	in	QGIS		
– Add	everything	into	a	new	source	in	the	xml	



The	XML	has	the	same	information!	

Open	ssm.xml	
using	right-click	->	Geany	



Exercise:	Implement	an	area	source	

•  Open	the	shapefiles	in	QGIS	(don’t	forget	to	
specify	the	correct	CRS!)	

•  Look	at	the	source	attributes	
•  Compare	the	attribute	table	to	the	source	file	
ssm.xml	

•  We	have	removed	one	source!	Together,	we	will	
add	this	source	to	the	xml	
–  Find	the	source	attributes	in	the	publications	
– Define	the	area	source	perimeter	in	QGIS	
– Add	everything	into	a	new	source	in	the	xml	



Add	the	missing	source:	927	

Figure	3	from	Stucchi	et	al.	(2011)	or	Figure	8,	13,	other	from	the	INGV	report			



Digitize	the	area	source	
For	higher	accuracy	(slow):	
•  Georeference	a	map	of	the	area	sources	
•  Create	shapefiles	by	tracing	the	area	source	
perimeters	

For	“good	enough”	accuracy	(faster):	
•  Use	basemaps	as	a	georeference		
•  Draw	the	approximate	shape	of	the	area	
source	

Remember:	for	the	project,	we	are	not	
concerned	with	exactly	reproducing	the	results!	
	



Digitize	the	area	source	
1)  Create	a	new	vector	layer								with	geometry	

type	‘Polygon’	and	CRS	set	to	WGS	84	
2)  With	your	new	shapefile	highlighted	in	the	

Layers	menu,	click	toggle	edit								and	create	
a	new	feature							.			

3)  Draw	the	perimeter	of	area	source	927.	
Right-click	to	finish	drawing.	Type	shapfile	ID	
927.	Edit	using	the	vertex	tool								

4)  Click	save							and	toggle	editing	off			



Duplicate	the	source	file	
•  Before	we	add	the	new	source,	we	want	to	create	a	
new	version	of	ssm.xml		

Type	ctrl+c	and	then	ctrl+v	

Give	the	file	a	new	name!	



Create	a	new	source	in	the	xml	
Opening	tag	for	defining	
a	single	area	source	

Closing	tag	



Which	fields	do	we	need	to	change?	
ID:	id=“	”	
•  Assign	an	ID	to	the	new	area	source.	Here,	use	927	
to	be	consistent	with	the	publication	

Name:	name=“	”	
•  Assign	a	name	to	the	new	area	source.	Again,	use	
ITA927	for	consistency	

	
	
	



Which	fields	do	we	need	to	change?	
Geometry:	<posList>		
•  Coordinates	of	the	area	source	perimeter.		
MFD:	<truncGutenbergRichterMFD>	
aValue=“	”	bValue=“	”	maxMag=“	”	minMag=“	”	
•  Magnitude-frequency	distribution	parameters	
Nodal	plane:	<nodalPlaneDist>	
strike=“	”	dip=“	”	rake=“	”	probability=“	”	
•  Focal	mechanism	information	and	probability;	can	

include	a	distribution	
Depth:		<hypoDepthDist>	
depth=“	”	probability=“	”	
•  Hypocentral	depth	and	probability;	can	include	a	

distribution	
	
	
	



	
	

Geometry:	<posList>		

We	will	replace	this	field	with	the	coordinates	of	
area	source	927	(the	polygon	in	your	newest	
shapefile)		
	
Recall:	How	do	we	find	the	coordinates	of	a	
polygon	shapefile?	
	
	



See	the	shapefile	coordinates	
Select	features	in	viewer	

Invert	selection	
Select	features	from	table	

•  With	the	feature	cell	
highlighted,	type	“ctrl+c”	
to	copy	the	cell	contents	

	



See	the	shapefile	coordinates	

In	OQ,	coordinates	are	listed	as	space-separated	
latitude-longitude	pairs	



MFD:	<truncGutenbergRichterMFD>		
aValue=“	”	bValue=“	”	maxMag=“	”	minMag=“	”	

Stucchi	et	al.	(2011)	Table	4	

SZ	=	927	

Fault	
mechanism	
=	normal	 Mmax	=	7.06	 b	=	0.74	 Depth	=	10	



MFD:	<truncGutenbergRichterMFD>		
aValue=“	”	bValue=“	”	maxMag=“	”	minMag=“	”	

INGV	Report	Table	7	

SZ	=	927	 rate	=	0.43	



Computing	a-value	from	rate	(λ)	

From	the	INGV	report:		
•  Rates	(λ)	are	reported	as	number	of	
earthquakes	MW=4.7	per	year	->	
minMag=“4.7”	

log10	λ(M)	=	a	–	b*M	
	

•  	λ	is	a	function	of	magnitude	
•  Solve	for	“a”	
	
	
	
	
	
	



M	=	4.7	 	 	λ(M=4.7)	=	0.43	 	 	b	=	0.74		
	

log10	λ(M)	=	a	–	b*M	
	

a	=	log10	λ(M)	+	b*M	

Computing	a-value	from	rate	(λ)	



M	=	4.7	 	 	λ(M=4.7)	=	0.43	 	 	b	=	0.74		
log10	λ(M)	=	a	–	b*M	
a	=	log10	λ(M)	+	b*M	

	
a	=	3.11	 	 	->		 	 	aValue=“3.11”	 		

	
Some	project	groups	will	have	to	do	this	
calculation	while	implementing	their	project!	

Computing	a-value	from	rate	(λ)	



	
	

Nodal	plane:	<nodalPlaneDist>	
strike=“	”	dip=“	”	rake=“	”	probability=“	”	

		
	
	

•  In	PSHA,	we	define	the	nodal	plane	or	nodal	
plane	distribution	of	a	area	source	based	on	
what	we	know	about	faults	or	past	
earthquakes	within	the	area	source.	

•  From	Stucchi	et	al.	(2011),	area	source	927	
has	normal	rupture	mechanisms	



	
	

Nodal	plane:	<nodalPlaneDist>	
strike=“	”	dip=“	”	rake=“	”	probability=“	”	

		
	
	

•  In	PSHA,	we	define	the	nodal	plane	or	nodal	
plane	distribution	of	a	area	source	based	on	
what	we	know	about	faults	or	past	
earthquakes	within	the	area	source.	

•  From	Table	4	in	Stucchi	et	al.	(2011),	area	
source	927	has	normal	rupture	mechanisms	

e.g.,	strike/dip/rake	=	0/45/-90	
	

strike=“0	”	dip=“45	”	rake=“-90	”	probability=“1.0	”	
	



	
	

Depth:		<hypoDepthDist>	
depth=“	”	probability=“	”	

		
	
	 •  From	Table	4	in	Stucchi	et	al.	(2011),	area	

source	927	has	a	depth	(Hyp.	B)	of	10	km	

depth=“10.0”	probability=“1.0”	



Final	source	added	to	the	ssm.xml	



•  We	can	use	an	OpenQuake	command	to	
convert	our	new	source	file	into	a	shapefile	

•  In	the	terminal,	navigate	to	the	example	
directory	

cd	~/Desktop/ItalyExample2	
	

•  Create	the	shapefile	
oq	to_shapefile	new_ssm.xml	

	
	

	
	

Check:	is	the	source	syntax	correct?	



•  Check	for	all	the	shapefile	components		
ls	new_ssm*	

•  We	should	see:	
new_ssm_area.shp	
new_ssm_area.shx	
new_ssm_area.dbf	

new_ssm.xml	
•  Open	new_ssm_area.shp	in	QGIS	to	check	for	
area	source	927	

	
	
	

Check:	is	the	source	syntax	correct?	



Update	the	source	model	logic	tree	
•  Open	the	source	model	logic	tree:	ssmLT.xml		
•  Identify	the	link	to	the	old	source	file,	and	
replace	with	the	name	of	your	new	source	file	

	

new_ssm.xml	



Check	the	ground	motion	logic	tree	
•  Open	the	ground	motion	logic	tree:	gmmLT.xml	
•  Look	for	the	name	of	the	GMPE	

BooreAtkinson2008	



Find	the	GMPE	in	the	OQ	gsim	library	
•  In	a	web	browser,	navigate	to	the	OpenQuake	
GMPE	documentation:	

http://docs.openquake.org/oq-engine/master/
openquake.hazardlib.gsim.html	

	

•  In	the	side	menu,	find	and	click	on	
BooreAtkinson2008	

•  Use	this	webpage	to	help	choose	GMPEs	
during	your	project	



Find	the	GMPE	in	the	OQ	gsim	library	

•  In	a	web	browser,	navigate	to	the	OpenQuake	
GMPE	documentation:	
http://docs.openquake.org/oq-engine/master/

openquake.hazardlib.gsim.html	

•  In	the	side	menu,	find	and	click	on	
boore_atkinson_2008	

The	word	‘master’	indicates	that	you	are	viewing	
the	current	documentation.	Google	might	return	
another	version	(e.g.,	‘2.8’)		



GMPE	information	



GMPE	information	



GMPE	information	



Run	the	Italian	NSHM	in	OQ:	method	1	
Recall:	running	OpenQuake	from	the	terminal	
•  In	the	terminal,	navigate	to	the	model	
directory	

cd	~/Desktop/ItalyExample2	
	

•  Run	the	model	
oq	engine	--run	job.ini	

	
Note:	if	you	already	have	a	terminal	open,	you	can	check	which	
directory	you	are	in	by	typing	pwd	



•  In	QGIS,	click	OpenQuake	IRMT	->	OQ	Engine			
->	Drive	the	OQ	Engine	

Run	the	Italian	NSHM	in	OQ:	method	2	

Drive	the	OQ	Engine	



Choose	the	job	files	

Hold	ctrl+shift	while	selecting	the	files	
needed	to	run	the	job	(job.ini,	
ssmLT.xml,	new_ssm.xml,	gmmLT.xml)	



Using	the	Console	



File	errors	and	job	failures	

•  Errors	printed	in	the	console	can	be	
intimidating	and	verbose,	so	it	is	good	to	
know	what	to	look	for		
• What	if	a	file	name	is	spelled	wrong	in	
the	job	file?		
– The	Engine	gives	an	error	that	there	is	“No	such	
file…<filename>”	

	



File	errors	and	job	failures	
•  What	if	the	logic	tree	points	to	a	file	that	does	
not	exist?	Job	status:	failed	

	

Again,	“No	such	file	or	directory:	…”	



Next	time…	

•  Learn	ways	of	selecting	GMPEs,	and	how	to	
add	more	than	one	to	a	logic	tree		

•  Learn	how	to	choose	the	other	configurations	
inside	job.ini	

•  Plot	the	hazard	outputs	
•  Discuss	any	differences	from	the	published	
model	



Now…	

•  Group	work	
– TAs	will	go	group-to-group	to	talk	about	the	
details	of	the	source	model	for	each	paper	


