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USArray TA Alaska Deployment
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PY Array - Piñon Flat Observatory

Table B1: Relative orientations of the seismic stations at PFO.

BPH01 BPH02 BPH03 BPH04 BPH05 BPH06 BPH07
rel. orientation [�] 0 -1.4 0.3 0.1 -0.7 -0.6 -1.9

BPH08 BPH09 BPH10 BPH11 BPH12 BPH13
rel. orientation [�] 0.4 -6.6 0.3 -1.1 -2.6 0.2

240.00˚ 255.00˚ 270.00˚

20.00˚

25.00˚

30.00˚

35.00˚

40.00˚

Pinon Flat

243.540˚ 243.545˚

33.605˚

33.610˚

500 m

1276

1280

1284

1
2

8
8

RLG
small array
medium array
large array
LSM

01

02

03

04

05

06

07

08

09 10

1112

13

L
S

M
−

N
S

LSM−EW

LSM
−NW

−SE

A

B C

Figure 1: Instrumental setting at Piñon Flat Observatory (red triangle on overview map).
Red dot marks the epicenter of the analyzed earthquake. The thirteen seismic stations are
color-coded according to array aperture. Station 01 is selected as the center station. Stations
marked by filled and open symbols are equipped with Nanometrics Trillium 120PH and STS-
5A seismometers, respectively. The vertical component of the ring-laser gyroscope (RLG) is
marked by a red [circle] square. The three-component long-base laser strainmeters (LSM)
are indicated by lines labeled according to their orientation NS, EW, and NW-SE. Grey lines
give DEM topography in steps of 2 m. (a) Photo of the RLG. (b) Photo of one of the LSM.
(c) Photo of one of the seismic stations.

21



Piñon Flat PY Array



Piñon Flat PY Array

90 meter aperture

65 meter minimum spacing



Piñon Flat PY Array

500 meter aperture

325 meter minimum spacing



Piñon Flat PY Array

1080 meter aperture

730 meter minimum spacing



GSN-PY BHZ Sensor Comparison
• 1 Jan - Dec 31 2016

Similar performance between STS-5 Posthole and STS-1 



GSN-PY BHN Sensor Comparison
• 1 Jan - Dec 31 2016

Improved performance of STS-5 Posthole over STS-1 



• multi taper spectra


• 200 sps


• 600 sec windows


• 600 sec offset


• 140 windows


• 10 tapers


• 6 NW (time 
bandwidth product)

STS5 HHZ 

BPH01-BPH02 65 Meter Separation

ha2 / FLV-py/Dcoh200-B.f Mon Apr 10 21:03:09 2017 D_J_Thomson page 8
Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00
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• multi taper spectra


• 200 sps


• 600 sec windows


• 600 sec offset


• 140 windows


• 10 tapers


• 6 NW (time 
bandwidth product)

• multi taper coherence

STS5 HHZ 

BPH01-BPH02 65 Meter Separation
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Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

10
-4 
2

5
10

-3 
2

5
0.01

2

5
 0.1

2

5
 1.0

2

5
10.0

2

5
100.

2

5
10

+3 
2

5
10

+4 
2

5
10

+5 
2

5
10

+6 

Frequency in Hertz

FLV-py 02.HH Z

 5
0.

0 
Pe

rc
en

t O
rd

er
 S

ta
tis

tic
s 1

40
 S

ec
tio

ns

FLV-py 01 Z

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

ha2 / FLV-py/Dcoh200-B.f Mon Apr 10 21:03:09 2017 D_J_Thomson page 2
Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
00

.1
00

.2
00

.3
00

.4
00

.5
00

.6
00

.7
00

.8
00

.9
00

**
**

Frequency in Hertz

FLV-py 02.HH Z

Se
ct

io
n 

A
ve

ra
ge

 M
SC

FLV-py 01 Z

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0



STS5 Coherence 

BPH01-BPH02 65 Meter Separation

• HHZ MSC
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STS5 Coherence 

BPH01-BPH02 65 Meter Separation

• HHZ MSC

• HHN MSC


• << HHZ         
0.01 Hz to 0.1 Hz


• > HHZ                
1 Hz to 10 Hz
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STS5 Coherence 

BPH01-BPH02 65 Meter Separation

• HHZ MSC

• HHN MSC


• << HHZ         
0.01 Hz to 0.1 Hz


• > HHZ                
1 Hz to 10 Hz

• HHE MSC


• Similar to HHN
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STS5 Coherence - 65 meters vs 870 meters 
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STS5 HHZ

BPH01-BPH02 “Coherogram”
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2016 114 Cohero and Spectragrams
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2016 114 Cohero and Spectragrams
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2016 114 Cohero and Spectragrams
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Three Teleseisms



Multiple Arrays
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3 Year Coherograms - BH[ZNE] 
65m spacing

• Microseisms very 
coherent 

2. Coherences of BHE/BHN/BHZ components

Fig. 2 shows the coherences of BHE/BHN/BHZ components between stations 01 and 02 in 0.0003-1 
Hz. Results from other station pairs in Pinon Flats are similar to Fig. 2. The coherences from the three 
components are ~1 in the microseism band. The two horizontal coherences decrease to ~0.2 at 
~0.003-0.05 Hz, then increase to 0.7 in 0.0003-0.05 Hz, while the vertical coherence is generally 
close to 1, and slightly decreases to ~0.7 in 0.0005-0.04 Hz.

�
Figure 2. Three-year coherograms of BHE/BHN/BHZ components between stations 01 and 02. The 
interstation distance is ~65 m.
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Station Schematic view
Equipment & Instruments

Basics:

Power, shelter and  data comms


Added:

Barometric Pressure

Infrasound


In Alaska:

Strong Motion Instruments


Meteorological Packages


Soil Temperature profilers


Emplacement procedure

Grout hardens (30 minutes)


4 inches sand in hole bottom,

Ievel and tamp sand,

Lower sensor with rope,

Orient sensor with rod,

Add sand up to top of sensor

Insert compression sacks

Level / Center sensor remotely.


å




Crossing DisciplinesBHE/BHN/BHZ-BDO coherence report

Figs. 1-3 show all the median coherences and spectra of BPH01 and BPH03 from Julian day 114, 
2016. I calculate the coherences and spectra in a 600 second non-overlapping time window, with 10 
tapers and time-bandwidth product of 6. Fig. 4 shows the explanation.

�

Figure 1. (a). Median coherences between BPH01 and BPH03 of BHE/BHN/BHZ (black, red and blue 
lines respectively), and BDO (black dashed) components. (b). Median spectra from BPH01 (solid 
lines) and BPH03 (dashed lines) of BHE/BHN/BHZ and BDO components.

The coherences and spectra of BHE/BHN/BHZ between BPH01 and BPH03 are almost identical to 
those of the HHE/HHN/HHZ components, except that BHE/BHN/BHZ do not contain high frequency 
signals above the 20 Hz Nyquist Frequency of the BH channels. The energy of atmospheric pressure 
data (BDO component) decreases with frequency. 

(a). Coherence (b). Spectra

• Atmospheric pressure 
sensors added to TA in 
2010 to understand 
effects of  pressure on 
broadband seismometers.


• Thunder storms, storm 
fronts, derechos and 
tornados have significant 
impacts on broadband 
seismic data
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Coherence between Atmospheric 
Pressure and Seismic Noise

• Results from BPH01 and BPH03

�
Figure 2. (a). Median coherences between BHE/BHN/BHZ and BDO at BPH01. (b). Same plot for 
BPH03.

The coherences between recordings from colocated seismometer and barometric sensor increase in 
0.01-0.1 Hz, suggesting the influence of atmospheric pressure signals on the recording of seismic 
stations in this frequency band.

(a), BPH01 (b), BPH03



2 Year BDO Coherences between   
6 station pairs

3. Coherences of BDO components

Fig. 3 shows the coherences of BDO components between station 01 and other five stations with 
microbarometers. the coherences concentrate at frequencies lower than 0.003 Hz, and the value 
decrease with interstation distances. Beside, the coherences show clear seasonal variations, with 
larger values in winter and spring than in summer and autumn.

�
Figure 3. Coherences of BDO components between six station pairs (station codes and interstation 
distances are labeled).

4. Coherences between BHE/BHN/BHZ and BDO components

Fig. 4 shows the coherences between BHE/BHN/BHZ components and BDO component at station 
01.  Results from all the other stations are similar to Fig. 4. From 0.0005 Hz to 0.05 Hz, the two 
horizontal coherences are as high as 0.5 and show clear seasonal variations, while the vertical 

(a). 01-03 (90 m) (b). 01-05 (165 m)

(c). 01-10 (360 m) (d). 01-09 (445 m)

(e). 01-11 (690 m) (f). 01-12 (725 m)

2016 2017 2016 2017
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2 Year Coherence between      
BHZ/BHN/BHE and BDO

• Low BDO-BHZ  
coherence from 1 sec 
to over 1000 seconds

coherence is  much smaller. In frequencies lower than 0.0005 Hz, the coherences are similar in three 
components with values of ~0.5 and there are no clear seasonal variations.

�
Figure 4. Three-year coherences between BHE/BHN/BHZ and BDO components at station 01.

(a). BHE-BDO

(b). BHN-BDO

2016 2017

(c). BHZ-BDO
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2 Year Coherence between      
BHZ/BHN/BHE and BDO

• Low BDO-BHZ  
coherence from 1 sec 
to over 1000 seconds

• Variable BDO-BHN/E  
coherence from 30 sec 
to over 1000 seconds 
as a function of  time 
and frequency

coherence is  much smaller. In frequencies lower than 0.0005 Hz, the coherences are similar in three 
components with values of ~0.5 and there are no clear seasonal variations.
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Figure 4. Three-year coherences between BHE/BHN/BHZ and BDO components at station 01.
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(b). BHN-BDO
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(c). BHZ-BDO
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95% Coherence Between STS5 BHE Pairs
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Low Frequency Coherence 95% Bound
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National Data Buoy Center

Temperature, wind, ocean wave height….


Significant wave height = average of the highest one-third of all 
of the wave heights during the 20-minute sampling period



BPH01-02 2016 114
Julian day 114, 

coherogram Spectragram- Spectragram-



Seasonal Temperature and Ocean Swell
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Summary
• USArray Posthole Deployment provides consistent 

high quality data


• All array elements with the same orientation are have 
highly coherent ground noise in the microseism band


• Earthquake signals exhibit higher coherence across a 
wider bandwidth


• Outside the microseism band the coherence of  ground 
noise drops significantly as a function of  distance.


• The low frequency incoherence between seismic 
sensors is caused by local atmospheric turbulence.


• There is a seasonal dependence on oceanic waves




