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Data	
  is	
  collected	
  
from	
  over	
  130	
  
agencies	
  worldwide	
  
	
  
	
  	
  Ø  ISC	
  bulletin	
  constitutes	
  an	
  
enormous	
  human	
  effort.	
  	
  

Ø  Measurements	
  are	
  contributed	
  
by	
  analysts	
  working	
  at	
  
agencies	
  across	
  the	
  globe.	
  

Ø  Contributed	
  arrival-­‐time	
  
measurements	
  are	
  associated	
  
to	
  seismic	
  events.	
  

Ø  Bulletin	
  locations	
  and	
  arrival	
  
data	
  are	
  manually	
  reviewed.	
  

Ø  The	
  bulletin	
  contains	
  a	
  wealth	
  
of	
  information.	
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Global	
  database	
  of	
  	
  over	
  7,400	
  events	
  with	
  well-­‐characterized	
  
event	
  locations	
  and	
  associated	
  arrival-­‐time	
  measurements	
  	
  

Ø  The	
  ISC	
  GT	
  
database	
  consists	
  
of	
  contributed	
  
information	
  that	
  
is	
  vetted	
  by	
  
community	
  
experts.	
  

Ø  Does	
  not	
  provide	
  
sufficient	
  data	
  
coverage	
  for	
  
tomographic	
  
imaging.	
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u Engdahl,	
  van	
  der	
  Hilst,	
  and	
  Buland	
  (EHB,	
  BSSA	
  1998)	
  demonstrate	
  the	
  that	
  
the	
  ISC	
  bulletin	
  can	
  be	
  improved	
  by	
  post	
  processing.	
  
u  	
  Manual	
  assessment	
  of	
  outliers	
  beyond	
  the	
  efforts	
  of	
  ISC	
  analysts	
  

Ø  Locations	
  can	
  be	
  	
  biased	
  due	
  to	
  travel	
  time	
  prediction	
  errors.	
  
Ø  Outlier	
  travel	
  time	
  measurement	
  can	
  also	
  lead	
  to	
  large	
  location	
  errors.	
  
Ø  Biased	
  locations	
  map	
  to	
  erroneous	
  features	
  in	
  tomographic	
  images.	
  

726 E.R. Engdahl, R. van der Hilst, and R. Buland 

the median residual is first computed in each of 20 ° (non- 
overlapping) azimuthal windows (bins) for each patch. For 
each patch, a correction is then computed as the median of 
all the individual azimuthal bin medians for that patch. For 
a patch correction to be acceptable, at least 9 of the 18 pos- 
sible azimuthal bins must have a median estimate. Other- 
wise, owing to uneven azimuthal sampling, the patch cor- 
rection for a poorly sampled bin is set to zero. The goal of 

this procedure is to eliminate the effects of overweighting 
well-sampled azimuths in the calculation of a single azi- 
muth-independent patch correction. Patch corrections were 
also independently developed for PKP waves. A comparison 
of patch medians derived from lower mantle P and PKP 
residuals is shown in Figure 2. Because the propagation 
paths of PKP and P phases in the Earth's deep interior are 
significantly different, the excellent correlation of the me- 
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Figure 2. Upper mantle corrections found by computing patch medians (5 × 5 
degree grid) of direct P waves bottoming in (a) the lower mantle (780 to 2740 km 
depths) and (b) the inner core (5153.5 to 6371 km depths). Pluses and octagons rep- 
resent scaled positive and negative medians, respectively. Note that shields are gen- 
erally fast (octagons) and rift zones slow (pluses). Patch medians derived independently 
from P and PKP data agree quite well. 
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pP Residuals 
Figure 1. All possible identifications of pP phases over the distance range 25 to 
100 ° (within a + / -  15-sec time window) are separated into 1-kin increments of water 
depth at their bounce points. We further reduce the data set by excluding all pP phases 
associated with events less than 160 km in focal depth. At this depth, the sP phase 
arrives 17 sec afterpP, which is outside the expected window for apwP phase generated 
by a water layer 6 kin or less in depth. Thus, for this data set, the problem of pwP 
phases being misidentified as sP is largely circumvented. However, the possibility of 
associating pwP phases as PcP cannot be ruled out for distances greater than about 
56 °, although PcP tends to be a weaker phase at those distances. The distribution of 
pP residuals for bounce-point water depths greater than about 2 km is clearly bimodal, 
as might be expected were the data set to include later-arriving pwP phases. For bounce- 
point water depths less than about 2 kin, the pP residual distribution is slightly skewed 
in a positive direction. 

the latitude and longitude of  these bounce points and then 
the corresponding seafloor depth or continental elevation 
(see also van der Hilst and Engdahl, 1991). Bounce-point 
coordinates are easily computed from the distance, azimuth, 
and ray parameter of the depth phase (pP in the case ofpwP). 
A version of  the ETOPO5 file (National Geophysical Data 
Center, NOAA) was averaged over 20 × 20 minute equal- 
area cells and then projected on a 20 × 20 minute equi- 
angular cell model. The use of  a smoothed version of the 
bathymetry is justified because the reflection of  a depth 
phase does not take place at one single point but over a 
reflection zone with a size determined by the Fresnel zone 
of  the wave. Nolet (1987) estimates the maximum half-width 
of  a ray with a wavelength of  10 km and a ray-path length 
of 1000 kan to be 36 km. The smoothed version of  the ba- 
thymetry is interpolated bilinearly for topography or ba- 
thymetry at the bounce point. This information is used to 
determine the correction for bounce-point elevation or depth, 
which is added to the computed travel times for depth 
phases. Theoretical times arc not computed for pwP phases 
in the case of bounce-point water depths ~ 1.5 km because 
it is nearly impossible to separate the pP and pwP arrivals 
on most records (about a 2-sec separation). 

Station 
Because most seismic stations are in continental areas, 

the ak135 model was developed with a continental style for 
the uppermost crust and upper mantle. Of course, this form 
of the Earth's outermost structure is only an average, and 
there are significant departures from the ak135 crust and 
upper mantle locally. In many cases, the effects of  these 
lateral variations in crust and upper mantle velocities can 
systematically displace hypocenters. To address this prob- 
lem, a spatial averaging technique called patch averaging is 
used to compensate for coherent travel-time anomalies pro- 
duced by regional differences in earth structure. In this 
scheme, all teleseismic rays that arrive within a given surface 
patch can be used to determine an average upper mantle 
correction in that patch with respect to the ak135 upper man- 
tle. Patch-averaged rays should contain the coherent signal 
that arises due to average upper mantle structure beneath the 
patch, to the extent that the patch is well sampled azimuth- 
ally. Thus, patch averages can be thought of  as regionally 
smoothed station corrections. 

Corrections have been derived from P waves that bot- 
tom in the lower mantle for 437 five- by five-degree surface 
patches. In our application of  the patch-averaging technique, 

Use	
  of	
  statistical	
  distributions	
  to	
  
identify	
  phases	
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Joint	
  Probability	
  function	
  spanning	
  

§  Event	
  locations	
  
§  Travel	
  times	
  

§  Measurement	
  precision	
  	
  

§  Phase	
  labels	
  

Sta$s$cal	
  model	
  

p(o, x,T,W,σ ,V,τ | a,d,w)

o 	

=	
  origin	
  $mes	
  
x 	

=	
  loca$ons	
  
T 	

=	
  phase	
  travel	
  $mes	
  
W 	

=	
  phase	
  labels	
  
σ   	

=	
  measurement	
  precisions	
  (pick)	
  
V 	

=	
  measurement	
  precisions	
  (diff)	
  
τ 	

=	
  travel	
  $me	
  correc$ons	
  
a 	

=	
  arrival	
  $mes	
  (picks)	
  
d 	

=	
  differen$al	
  arrival	
  $mes	
  
w 	

=	
  input	
  phase	
  labels	
  
	


	



Samples	
  drawn	
  using	
  	
  
Markov-­‐Chain	
  Monte	
  Carlo	
  Method	
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Ø  Epicenter	
  shifts	
  are	
  not	
  random!	
  
Ø  Epicenter	
  bias	
  is	
  particularly	
  

problematic	
  for	
  tomography	
  
studies.	
  

Ø  Epicenter	
  shifts	
  are	
  generally	
  less	
  than	
  
10	
  km	
  	
  

Ø  Large	
  epicenter	
  shifts	
  are	
  most	
  common	
  
in	
  subduction	
  zones.	
  

Mean	
  depth	
  shifts	
  5.5	
  km	
  
Median	
  origin	
  time	
  shift	
  
-­‐0.67	
  seconds	
  
	
  

Epicenter	
  shift	
  distribution	
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From	
  Simmons	
  et	
  al.,	
  2012	
  

Bayesloc	
  processing:	
  
Ø  ~3%	
  of	
  data	
  found	
  to	
  be	
  

outliers	
  
Ø  Standard	
  deviation	
  is	
  

reduced	
  by	
  21%	
  compared	
  
to	
  single-­‐event	
  location	
  

Ø  Large	
  regional-­‐distance	
  
residuals	
  remain	
  

Tomography	
  
Ø  Further	
  reduces	
  residuals	
  

by	
  24%.	
  
Ø  Large	
  reduction	
  in	
  

regional-­‐distance	
  residuals	
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RMS	
  data	
  misfit	
  vs.	
  Tomographic	
  image	
  roughness	
  

Example	
  of	
  differences	
  between	
  tomographic	
  
images	
  using	
  data	
  sets	
  for	
  which	
  event	
  locations	
  
were	
  determined	
  using	
  multiple-­‐event	
  and	
  
single-­‐event	
  (arrival	
  times	
  are	
  identical)	
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Indian	
  Ocean	
  
(Ancient	
  slab?)	
  	
  

North	
  America	
  
(Farallon	
  slab)	
  

Tomography	
  based	
  on	
  data	
  set	
  combining	
  Bayesloc-­‐processed	
  P-­‐wave	
  data	
  and	
  S-­‐wave	
  
data	
  from	
  U.	
  Texas	
  group	
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Ø  The	
  ISC	
  provides	
  a	
  valuable	
  service	
  to	
  the	
  seismic	
  community.	
  
Ø  Arrivals	
  for	
  some	
  regional	
  networks	
  are	
  only	
  available	
  to	
  the	
  general	
  

seismological	
  community	
  via	
  the	
  ISC.	
  
Ø  Association	
  of	
  arrival-­‐time	
  observations	
  with	
  events	
  is	
  a	
  painstaking	
  process	
  

that	
  most	
  researchers	
  are	
  happy	
  to	
  have	
  done	
  at	
  the	
  ISC	
  (modern	
  algorithms	
  
may	
  improve	
  efficiency,	
  e.g.	
  NetVISA).	
  

Ø  ISC	
  data	
  is	
  greatly	
  enhanced	
  by	
  post-­‐processing	
  (e.g.	
  EHB,	
  Bayesloc).	
  
Ø  Tomographic	
  models	
  using	
  are	
  smoother	
  and	
  data	
  fit	
  is	
  improved	
  when	
  ISC	
  

events	
  are	
  relocated	
  using	
  Bayesloc.	
  
Ø  ISC	
  should	
  consider	
  transitioning	
  post-­‐processing	
  procedures	
  into	
  routine	
  

processing.	
  


