
	  



•  Let	  intellectual	  drivers	  drive	  
	  
•  Build	  facili*es	  that	  facilitate	  

–  Evolve	  in	  response	  to	  scien*fic	  needs	  
and	  opportuni*es	  

•  Encourage	  use	  of	  facili*es	  and	  data	  
–  Free	  and	  open	  data	  access	  to	  all	  

	  
•  Develop	  and	  adhere	  to	  standards	  

–  That	  remain	  flexible	  
	  
•  Maintain	  support	  	  and	  ensure	  
sustainability	  	  

•  Engage	  the	  next	  genera<on	  

An	  integrated	  approach	  to	  science	  across	  the	  community	  



Global	  Scale	  
Meters	  to	  Basin	  Scale	  

Science	  drives	  approach,	  scale,	  frequency	  band	  

Oceans	  

Con<nental	  Scale	  



Unprecedented	  observa<ons	  across	  the	  con<nent	  

•  >	  1700	  Transportable	  Array	  sta<on	  sites	  
•  >	  15	  major	  Flexible	  Array	  experiments	  
•  >	  350	  Magnetotelluric	  sta<on	  sites	  













varying, the others factors can produce rapid lateral changes in ground acceleration over a 
small region, which in turn leads to significant variation in seismic hazard. This is 
currently characterized by maps of Vs30 (shear wave speed in the top 30 m) (Wald and 
Mori, 2000) as determined by borehole measurements or topographic proxies (Allen and 
Wald, 2009), and the Long Beach region is covered by only two zones on these maps. 

!
Figure'2.'Earthquake'Recording.'The!event!is!the!Ml!2.5!Carson!earthquake!(2011/05/02)!
located!approximately!5!km!to!east!of!the!network.!The!left!panel!is!a!snapshot!of!a!movie!
the!earthquake.!Note!the!break!up!of!the!wave!front!along!the!NIFZ!(see!Fig!1).!The!right!
panel!is!the!maximum!acceleration!at!each!sensor!from!this!event.!The!network!is!calibrated!
by!matching!to!the!broadband!station/!accelerometer!at!STS!(see!Fig!1).!
 
The Long Beach array is crossed by the Newport-Inglewood Fault Zone (NIFZ), a system 
of right-lateral strike-slip faulting that accommodates a small portion of the plate 
boundary deformation. The NIFZ has a tectonic slip rate of 0.6 mm/yr and, given its total 
length, it is thought to be capable of producing an earthquake as large as M7.4, which 
could have a stronger impact on the Los Angeles metropolitan area than a M8 earthquake 
on the San Andreas Fault. A moderate earthquake on the NIFZ also poses a major hazard. 
The NIFZ was the source of the M6.4 1933 Long Beach earthquake, the second most 
deadly earthquake in California history. Despite its moderate magnitude, severe damage 
to school buildings during this event led to the passage of the Field Act, a California state 
law that now regulates the building construction practices for public schools. It is also the 
first earthquake recorded by strong motion instruments.  

 
We propose to develop high-resolution site amplification maps for the City of Long 

Snapshot	   Peak	  Accelera<on	  



Z=0	  km	   Z=10	  km	  

Downward	  Con*nue	  the	  Data	  

Data:	  5-‐10	  Hz	  
FT	  Mesh:	  0.1x0.1	  km	  
Method:	  Phase-‐ShiX	  (Gazdag,	  1978)	  Method	  

710	  Fwy	  +	  Port	  

405	  Fwy	  +	  Oilfield	  

Asaf	  Inbal	  



Imaging	  the	  Crust	  in	  3D	  
with	  Explora*on	  “le@overs”	  

Sedimentary	  

Basement	  

Lower	  Crust	  



Collabora<ve	  data	  collec<on	  
•  Nodal	  Seismic	  
•  Nanometrics	  
•  IRIS	  

25	  broadband	  
2639	  Zland	  nodes	  
Open	  data	  set	  



•  Targe<ng	  full	  wavefield	  recording	  
–  Reduce	  spa<al	  aliasing	  
–  Enable	  wavefield	  imaging	  and	  analysis	  
–  Improve	  resolu<on	  

•  What	  is	  required:	  Many	  more	  
sensors	  -‐	  “Large	  N”	  

	  
•  Requires	  a	  new	  genera<on	  of	  

instruments	  

Students	  staging	  quick	  deploy	  sensor	  
packages	  for	  the	  Bighorns	  Experiment	  

Goal:	  New	  science	  enabled	  by	  new	  technology	  



•  Reduced	  Size,	  Weight,	  and	  Power	  
(SWaP)	  

•  Simplify	  logis<cs	  and	  reduce	  field	  costs	  
–  Reduced	  installa<on	  and	  recovery	  <me	  

•  Streamline	  handling	  of	  data	  and	  
metadata	  from	  dirt	  to	  the	  desktop	  

•  Enable	  deployment	  of	  larger	  numbers	  
and	  mixed	  mode	  (mixed	  bandwidth)	  

•  Enable	  science	  in	  extreme	  
environments	  

Industry	  interests	  and	  buying	  power	  
driving	  the	  technology	  

Mendenhall	  glacier	  –	  sensor	  in	  the	  ice	  



•  Create	  an	  industry-‐funded	  Large	  N	  
instrument	  pool	  

•  Address	  industry	  and	  academic	  
interests	  in	  wavefield	  /	  Large	  N	  
observa<ons	  

•  Leverage	  common	  industry	  and	  
academic	  interests	  in	  “broadband”,	  
full	  waveform	  inversion,	  microseismic	  
techniques,	  etc.	  

•  Leverage	  exis<ng	  IRIS	  exper<se	  in	  
providing	  turnkey	  portable	  
instrumenta<on	  support	  

Address	  common	  academic	  and	  industry	  interests	  
in	  observing	  capability,	  frequency	  bands,	  methods	  

Telemetered	  broadband	  sta>on	  
deployment	  –	  Sweetwater,	  TX	  



•  Technology	  applied	  to	  diverse	  and	  crea<ve	  targets	  
•  S<mula<ng	  developments	  in	  acquisi<on,	  processing	  and	  interpreta<on	  

–  Combined	  ac<ve	  –	  passive	  datasets	  
–  Combined	  broadband	  and	  high	  frequency	  
–  Array	  geometry,	  sensor	  emplacement,	  etc.	  

•  Exposing	  students	  to	  cukng	  edge	  technology	  and	  real-‐world	  data	  
acquisi<on	  



•  The	  IRIS	  Wavefields	  Ini<a<ve	  is	  pursuing	  drama<c	  
improvements	  in	  wavefield	  observa<ons	  through	  
the	  use	  of	  new	  technology	  

•  Key	  opportunity	  for	  industry-‐academic	  
collabora<on	  to	  address	  common	  interests	  

•  Benefits	  
–  Innova<ons	  in	  data	  acquisi<on	  and	  processing	  

strategies	  
–  Innova<ons	  in	  methods,	  such	  as	  full	  waveform,	  

microseismic,	  etc.	  
–  Workforce	  development	  

•  But,	  there	  are	  plenty	  of	  other	  possibili<es	  for	  
collabora<on	  

Win-‐win	  for	  industry	  and	  academic	  seismology	  



	  
Bob	  Woodward	  

woodward@iris.edu	  
www.iris.edu	  

	  
	  



Harsh	  Environments	  

Vaults	  

Temporary	  to	  Permanent	  

Temporary	  

Ocean	  BoHom	  



•  Not	  just	  at	  the	  con<nental	  
scale	  
–  Excitement	  and	  discovery	  has	  

carried	  over	  to	  other	  scales	  
•  Con<nuous	  recording	  enabling	  

dual	  ac<ve	  –	  passive	  datasets	  
•  Mul<ple	  frequency	  bands	  of	  

interest	  
•  Depending	  on	  perspec<ve:	  

–  Higher	  frequencies	  than	  “normal”	  
–  Lower	  frequencies	  than	  “normal”	  

Mul<purpose	  datasets	  are	  “wave”	  of	  the	  future	  

Long	  Beach,	  CA	  
5000	  receivers,	  100	  m	  spacing	  

5x7	  km	  area	  
Data	  acquisi<on:	  Nodal	  Seismic,	  Inc.	  and	  Signal	  Hill	  
Petroleum	  
Visualiza<on:	  Clayton,	  et	  al,	  CalTech	  
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Love	  wave	  phase	  velocity	  at	  5s	  
Ekström,	  EPSL,	  2013	  

Crustal	  anisotropy	  
Moschek,	  et.	  al.,	  Nature,	  2010	  

Ambient	  Noise	  Tomography	  
Shen,	  et.	  al.,	  JGR	  2013	  

•  Exploi<ng	  ambient	  noise	  and	  earthquakes	  via	  mul<ple	  techniques	  to	  
constrain	  velocity,	  anisotropy,	  and	  anelas<c	  apenua<on	  

•  Relies	  on	  the	  spa<al	  coverage,	  calibra<on,	  and	  uniformity	  of	  the	  TA	  

Earth	  Structure	  



Earthquake	  Source	  Characteris<cs	  

Rupture of Tohoku earthquake 

Backprojection using dense, 
broad spatial sampling of the 
teleseismic wavefield enables 
detailed analyses. 
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Broadband	  array	  observa<ons	  of	  the	  300	  km	  seismic	  discon<nuity	  
Schmerr,	  et.	  al.,	  GRL,	  2013	  	  

SKS	  waveform	  modeling	  
Sun,	  et.	  al.,	  EPSL,	  2013	  Receiver	  func<ons	  to	  study	  Moho	  and	  LAB	  

Levander,	  et.	  al.,	  Nature,	  2011	  

Boundaries	  


