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Display of background noise spectra via PQLX 
  -  Plots made using the program PQLX (PASSCAL Quick Look eXtended) 

-  http://www.iris.edu/software/pqlx/ 
-  Based on algorithm of McNamara and Buland, BSSA, 2004 



- Power spectra determined for one-hour segments of the entire year of data  
- Probability density function used to display the thousands of spectra 
- Blues and greens  represent frequent values, light purple represents less frequent 
values 

Display of background noise spectra via PQLX 
  



McNamara	
  and	
  Buland,	
  BSSA,	
  2004	
  

Background Noise Spectra 
as Tool for Quality Control 

  



www.iris.edu/workshops/2010/.../16Aug1345aBenson-­‐PQLX.ppt	
  

PDF detail view 
  



High noise model 
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Background noise spectra 
 Power spectral density  PSD 
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depth 
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depth 
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Comparison of spectra from deep water, shallow water, and land 
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  2013	
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depth 
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depth 

Land 
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Comparison of spectra from deep water, shallow water, and land 
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Shallow 
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km water 
depth 

Deep OBS 
> 4 km 
water 
depth 

Land 
Station, 
New 
Zealand 

Horizontal 2 Vertical Horizontal 1 

Comparison of spectra from deep water, shallow water, and land 

  

High frequencies noisier on land Yang	
  et	
  al.,	
  G-­‐cubed,	
  2013	
  



Infragravity	
  waves	
  

O.	
  Godin	
  and	
  N.	
  Zabo/n	
  
CIRES	
  and	
  NOAA	
  

DirecHonality	
  

DPG	
  spectra	
  

Unpublished	
  figure	
  removed	
  

Unpublished	
  figure	
  removed	
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J.	
  Stachnik	
  

Ambient noise cross correlations: 
Can be used to check clock drift 

  

Example from 
BEAAR PASSCAL 
experiment in Alaska, 
1999-2000 
 
One year of cross 
correlations beween 
BEAAR stations 
HURN and WCN 
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Ambient noise cross correlations: 
Can be used to check clock drift 

  

One year of cross 
correlations beween 
MOANA OBS 
stations NZ24 and 
NZ28  

  



Ambient noise cross correlations: 
Can be used to orient horizontal components 

  



J.	
  Stachnik	
  

Ambient noise cross correlations: 
For dispersion measurements and structural studies 

  

Ambient	
  Noise	
  Group	
  VelociHes	
  (6	
  s	
  –	
  27	
  s)	
  

Unpublished	
  figure	
  removed	
  



Ambient noise cross correlations: 
For dispersion measurements and structural studies 

  
CauHon	
  –	
  very	
  slow	
  velociHes	
  at	
  short	
  periods	
  

Harmon	
  et	
  al.,	
  BSSA,	
  2007	
  



Ambient noise cross correlations: 
For dispersion measurements and structural studies 

  
CauHon	
  –	
  very	
  slow	
  velociHes	
  at	
  short	
  periods	
  

Ye,	
  Ritzwoller,	
  Shen,	
  G-­‐cubed,	
  2013	
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  Stachnik	
  

Ambient noise cross correlations: 
For dispersion measurements and structural studies 

  
CauHon	
  –	
  very	
  slow	
  velociHes	
  at	
  short	
  periods	
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Surface	
  wave	
  studies	
  have	
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  seismology	
  

Oliver,	
  1962	
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Unpublished	
  figure	
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Shear	
  Wave	
  Spli_ng	
  

Dan	
  Zietlow	
  

Challenging	
  to	
  find	
  good	
  events	
  	
  

See	
  
workshop	
  
poster	
  by	
  
Dan	
  Zietlow	
  

  Event: 15-Nov-2004 (320) 09:06    4.70N -77.51E  15km  Mw=7.2
       Station: WVZ   Backazimuth: 101.7”   Distance: 109.01”
init.Pol.:  270.6”  Filter: 0.030Hz - 0.08Hz    SNR

SC
:10.3

Rotation Correlation:   38<  51° <  66     1.6<1.9s<2.2

      Minimum Energy:   39<  56° <  72     1.6<1.8s<2.4

          Eigenvalue:   13<  22° <  37     2.2<3.2s<4.0
             Quality: fair     IsNull: No     Phase: SKS
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  Inc = 7.3”

  Event: 07-Apr-2009 (097) 04:23   46.05N 151.55E  31km  Mw=6.9
       Station: NZ12   Backazimuth: 347.6”   Distance: 90.48”
init.Pol.:  158.5”  Filter: 0.030Hz - 0.08Hz    SNR

SC
: 6.3

Rotation Correlation:   -1<   9° <  23     1.6<2.1s<2.6

      Minimum Energy:   27<  50° <  64     1.4<2.2s<3.5

          Eigenvalue:   13<  28° <  46     1.4<1.8s<2.3
             Quality: fair     IsNull: No     Phase: SKS
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  Inc = 10.1”

  Event: 07-Apr-2009 (097) 04:23   46.05N 151.55E  31km  Mw=6.9
       Station: NZ12   Backazimuth: 347.6”   Distance: 90.48”
init.Pol.:  158.5”  Filter: 0.030Hz - 0.08Hz    SNR
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: 6.3

Rotation Correlation:   -1<   9° <  23     1.6<2.1s<2.6

      Minimum Energy:   27<  50° <  64     1.4<2.2s<3.5

          Eigenvalue:   13<  28° <  46     1.4<1.8s<2.3
             Quality: fair     IsNull: No     Phase: SKS
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  Inc = 10.1”

  Event: 18-Apr-2009 (108) 19:17   46.01N 151.43E  35km  Mw=6.6
       Station: NZ15   Backazimuth: 347.0”   Distance: 89.76”
init.Pol.:  176.9”  Filter: 0.030Hz - 0.08Hz    SNR

SC
: 5.7

Rotation Correlation:   21<  35° <  51     1.2<1.8s<2.3

      Minimum Energy:   15<  37° <  60     1.2<1.9s<2.8

          Eigenvalue:   25<  61° <  82     1.4<2.6s<4.0
             Quality: fair     IsNull: No     Phase: SKS
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  Event: 18-Apr-2009 (108) 19:17   46.01N 151.43E  35km  Mw=6.6
       Station: NZ15   Backazimuth: 347.0”   Distance: 89.76”
init.Pol.:  176.9”  Filter: 0.030Hz - 0.08Hz    SNR

SC
: 5.7

Rotation Correlation:   21<  35° <  51     1.2<1.8s<2.3

      Minimum Energy:   15<  37° <  60     1.2<1.9s<2.8

          Eigenvalue:   25<  61° <  82     1.4<2.6s<4.0
             Quality: fair     IsNull: No     Phase: SKS
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  Event: 10-Aug-2009 (222) 19:55   14.10N  92.89E  5km  Mw=7.5
       Station: NZ30   Backazimuth: 286.5”   Distance: 93.60”
init.Pol.:  108.0”  Filter: 0.030Hz - 0.08Hz    SNR

SC
:34.9

Rotation Correlation:  -43< -22° <  -7     0.8<1.0s<1.3

      Minimum Energy:  -52< -41° < -31     1.0<1.1s<1.4

          Eigenvalue:  -56< -26° <   3     0.9<1.0s<1.8
             Quality: good     IsNull: No     Phase: SKKS
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  Event: 10-Aug-2009 (222) 19:55   14.10N  92.89E  5km  Mw=7.5
       Station: NZ30   Backazimuth: 286.5”   Distance: 93.60”
init.Pol.:  108.0”  Filter: 0.030Hz - 0.08Hz    SNR

SC
:34.9

Rotation Correlation:  -43< -22° <  -7     0.8<1.0s<1.3

      Minimum Energy:  -52< -41° < -31     1.0<1.1s<1.4

          Eigenvalue:  -56< -26° <   3     0.9<1.0s<1.8
             Quality: good     IsNull: No     Phase: SKKS

0 10 20 30 40 50
-1

0

1

corrected Fast (••) & Slow(-)

R
o
ta

ti
o
n
-C

o
rr

e
la

ti
o
n

0 10 20 30 40 50
-4000

-3000

-2000

-1000

0

1000

2000

3000

4000

 corrected Q(••) & T(-)

!W - E"

!
S

 -
 N
"

Particle motion before (••) & after (-)
Map of Correlation Coefficient

fa
s
t 
a
x
is

0 1 2 3 4sec
-90

-60

-30

0

30

60

90

0 10 20 30 40 50
-1

0

1

corrected Fast (••) & Slow(-)

M
in

im
u
m

 E
n
e
rg

y

0 10 20 30 40 50
-4000

-3000

-2000

-1000

0

1000

2000

3000

4000

 corrected Q(••) & T(-)

!W - E"

!
S

 -
 N
"

Particle motion before (••) & after (-)

fa
s
t 
a
x
is

Energy Map of T

0 1 2 3 4sec
-90

-60

-30

0

30

60

90

-20 0 20 40 60
-4000

-2000

0

2000

4000

6000
N

E

  Inc = 12.8”

A

B

C

D

E

  Event: 10-Jan-2010 (010) 00:27   40.65N -124.69E  29km  Mw=6.5
       Station: NZ08   Backazimuth:  45.4”   Distance: 101.65”
init.Pol.:  223.7”  Filter: 0.030Hz - 0.08Hz    SNR

SC
: 8.4

Rotation Correlation:  -20<  -6° <   7     0.0<0.3s<0.7

      Minimum Energy:   35<  39° <  43     1.8<4.0s<4.0

          Eigenvalue:  -56<  38° <  41     0.0<4.0s<4.0
             Quality: fair     IsNull: Yes    Phase: SKS
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  Event: 10-Jan-2010 (010) 00:27   40.65N -124.69E  29km  Mw=6.5
       Station: NZ08   Backazimuth:  45.4”   Distance: 101.65”
init.Pol.:  223.7”  Filter: 0.030Hz - 0.08Hz    SNR

SC
: 8.4

Rotation Correlation:  -20<  -6° <   7     0.0<0.3s<0.7

      Minimum Energy:   35<  39° <  43     1.8<4.0s<4.0

          Eigenvalue:  -56<  38° <  41     0.0<4.0s<4.0
             Quality: fair     IsNull: Yes    Phase: SKS
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  Event: 15-Nov-2004 (320) 09:06    4.70N -77.51E  15km  Mw=7.2
       Station: WVZ   Backazimuth: 101.7”   Distance: 109.01”
init.Pol.:  270.6”  Filter: 0.030Hz - 0.08Hz    SNR

SC
:10.3

Rotation Correlation:   38<  51° <  66     1.6<1.9s<2.2

      Minimum Energy:   39<  56° <  72     1.6<1.8s<2.4

          Eigenvalue:   13<  22° <  37     2.2<3.2s<4.0
             Quality: fair     IsNull: No     Phase: SKS
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a.# b.#

c.# d.#

e.# f.#
Figure 7. Synthetic recovery test results for a heavily sedimented simple crustal model. In a, b, c: RF, 
seafloor compliance, and Rayleigh group velocity dispersion curves for “true” and recovered data.  
In d: true model (thick black line), recovered model (red) and linearized surface wave inversion results for 
the true dispersion values (blue).  
In e: Parameter Markov Chains for 1000 iterations after burn-in are shown. Orange lines represent the true 
model parameters. Recovered model is generated using the Markov Chain mean values. A histogram of 
crustal thickness is shown in f. The true crustal thickness is 25km. 
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  1.	
  Noise	
  spectra	
  useful	
  for	
  QA/QC	
  
	
   	
  Infragravity	
  wave	
  interferometry	
  possible	
  with	
  DPG	
  data	
  
	
  2.	
  Uses	
  of	
  noise	
  –	
  	
  
	
   	
  ambient	
  noise	
  to	
  check	
  clock	
  dri[	
  
	
   	
  ambient	
  noise	
  to	
  orient	
  sensors	
  (Zha	
  et	
  al.,	
  2013)	
  
	
   	
  ambient	
  noise	
  tomography 	
  	
  
	
   	
   	
  short	
  periods	
  can	
  be	
  tricky	
  
	
  3.	
  Significant	
  noise	
  reducHon	
  on	
  verHcal	
  component	
  possible
	
   	
  	
  	
  	
  	
  	
  following	
  method	
  of	
  Crawford	
  and	
  Webb,	
  2000	
  
	
  4.	
  Measurements	
  requiring	
  horizontal	
  components	
  in	
   	
   	
  
	
  teleseismic	
  body	
  wave	
  band	
  can	
  be	
  challenging	
  –	
  such	
  as	
  
	
  shear	
  wave	
  spli_ng,	
  receiver	
  funcHons	
  
	
   	
  Need	
  larger	
  events	
  than	
  equivalent	
  on-­‐land	
  studies	
  	
  	
  
	
   	
  Improvement	
  via	
  Stacking	
  
	
   	
  Supplement	
  with	
  other	
  constraints	
  

	
  
	
  

	
  	
  

SUMMARY	
  
	
  


