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GOAL 1: TESTING THE PERFORMANCE OF SEISMIC
ARRAYS IN ALASKA AGAINST CATALOGED, WELL-
KNOWN EARTHQUAKES

• Sensors in a seismological array are located
sufficiently close to each other in space
(usually within an aperture of a few km) to
facilitate the detection and characterization of
the teleseismic body waves.

• Seismic arrays are useful in (1) studying
seismic noise because they give directional
constraints (backazimuth and apparent
velocity) on incoming energy, and in (2)
detecting weak signals since they improve the
SNR and can detect events otherwise masked
by the background noise.

• Alaska has three minor seismic
arrays (Fig. 1) (each with 5 elements) and

one major array (19 elements). These arrays provide high signal-to-noise records suitable for beamforming at regional and
teleseismic distances.

• Although these arrays were in place for decades (since 1960-1970), seismic array analysis has not been a part of routine
earthquake monitoring in the Alaska Earthquake Center.

• In this work, we aim to examine the feasibility and merit of utilizing seismic array analysis as a routine tool for detecting and
analyzing seismic events in and around Alaska (e.g. Meng et al., 2014). We investigate ways of extracting additional data for
major earthquake sequences and explore key aspects of the implementation of array processing in real-time. 

Goal 1: We first start with testing the performance of seismic arrays in Alaska against cataloged, well-known earthquakes. 

• This catalog consists (Fig. 1) of ~200 regional-scale earthquakes that are well-recorded on the four seismic arrays, which
allows us to perform statistically meaningful tests of array performance. Besides, these observations can be utilized further to create a correction surface if/when the arrays became part of routine operations. 

• Array processing at this stage is done with standard Fk analysis.

 • Fig. 2  shows the robustness of the backazimuth (BAZ) calculation for each of the 4 arrays. Here, the BAZ difference is plotted
which is calculated as true BAZ - calculated BAZ. 

 • Both Eielson and Indian Mountain arrays have a well-distributed scatter around 0, whereas Burnt Mountain has a systematic BAZ
difference; ~(+)10 degrees scatter for southern events. In Beaver Creek, the BAZ difference increases with increasing azimuth. 



GOAL 2: BUILDING-UP AN EXPERIMENTAL REAL-TIME
SYSTEM FOR ARRAY DATA

 • Our second goal in this project is to develop a real-time array processing system that allows the calculation
of slowness, maximum semblance, and azimuth values in real-time using
seismic array waveforms.

• Our real-time seismic array analysis utilizes the beampacking algorithm, which can be described as a time-domain

beamforming analysis over a grid of slowness values. 

• The 22 July 2020 Simeonof earthquake on the Alaska-Aleutian
subduction zone is the first event, which has a large enough source region
to potentially observe in array data since the Alaska Earthquake Center
began running array processing on Alaskan array data in real-time

• Fig. 3 shows the results of this analysis on data from the Mw 7.8
Simeonof mainshock as recorded at the Beaver Creek array.

• Fig. 3a shows the unfiltered waveform for station BC05, with a red
vertical line showing the time of the P-wave arrival, picked using the
maximum semblance channel.

• A zoom-in view (Fig. 3b) on the waveforms for all Beaver Creek channels during the time
period for which we show the real-time array processing channels. Here a 4

second time window is taken; 1 second before and 3 seconds after the P-wave arrival.

• The output time series of slowness, maximum semblance, and azimuth
created by running orbwfproc on the above waveforms (Fig. 3c). A
Butterworth filter from 2-5 Hz was applied to these waveforms prior to
array processing. 

 • BAZ is calculated as 235.7°, which is only ~2° greater than the true BAZ value of this event (233.8°), consistent with our

previous analysis on this array (Fig. 2).

 



Fig. 4. shows the real-time projection of slowness to the Simeonof earthquake location (gridded slowness plot on the left, map
view on the right) determined at the peak of maximum semblance, from the Eielson array. The red star shows the mainshock
location, and the black star shows the Eielson array location.  



GOAL 3: EXPLORING THE EFFECTS OF REAL-TIME
ARRAY ANALYSIS PARAMETERS FOR MAINSHOCK
RUPTURE PATTERN CHARACTERIZATION

 Our third goal in this work is to analyze
whether the rupture process of the
Simeonof earthquake can be characterized
by seismic array analysis, in real-time. 

 Can we track the actual source process
with seismic arrays? 

• Our post-processing results for the
Simeonof mainshock from the Eielson
array is shown in Fig. 5b, together with
USGS's source time function for this
mainshock (Fig. 5a). 

• First ~80 seconds after the P arrival of the
absolute power, aligns well with USGS's
source-time function. 

 • The alignment of the source-time
function and the absolute array power
suggests that, within the time between the
P and S arrivals, the array processing can
track the rupture propagation, and is not
overly impacted by contaminated by
scattered energy or multiple arrivals. 

 Can we characterize the rupture
propagation in real-time processing?

 • The Eielson array provides strong
semblance during the P-wave coda and has
very stable slowness and backazimuth
values throughout this time (Fig. 6).

 • Both the real-time (Fig. 6, shown in
black lines for semblance and black dots
for BAZ), and post-processing (Fig. 6,
shown with colored circles that are color-
coded by relative power) zoom-in plots
suggest that we can characterize the
rupture propagation of this earthquake. The
zoom-in plots look into the first ~50
seconds after the P wave arrival; this is the
time window (1) that the source-time
function shows the most energy release,
and (2) that the array processing shows the
largest relative power values (i.e. when
waveforms within this array are the most
coherent). 

 • Within this ~50 seconds, there is a clear
increase in BAZ values (~5 degrees). This
suggests a 4-5 degrees of rotation to the

west. This analysis indicates that we can track the westward unilateral rupture of the mainshock, in real-time.  

 • One limitation of performing continuous, real-time array analysis is the tradeoff between computation time and accurate
results. In the interest of limited computational resources and time, we accept azimuth discretization due to the spacing in the
grid of slowness values over which beamforming is performed. If the powers of the beams for two different grid nodes are
similar, this will result in the time series of azimuths appearing to jump back and forth between these two values. 



Why don't we see the same pattern in other arrays? 

 • Burnt Mountain and Indian Mountain had less than 5 stations operating for this sequence. Therefore we didn't include results
from these arrays.

 • The array performance of Beaver Creek, with all 5 stations recording, is pretty robust. Both the mainshock and the aftershock
sequence is well observed within this array with ~3° of scatter from the true BAZ values (Fig. 6). However, this array doesn't
show the unilateral rupture propagation of the mainshock. This might be due to the fact that, since the Beaver Creek array has
only 5 stations, the contamination from other signals might have masked the rupture propagation. Eielson array, with 19 stations,
might be better equipped to resolve the rupture propagation with much improved SNR. 



GOAL 4: TRACKING AFTERSHOCK MIGRATION WITH
ARRAYS
Up to now, we have successfully shown that: 

✔ Alaska has a unique setting to test seismic array analysis and its implementation in real-time analysis.

✔ We have built-up a real-time seismic array analysis that allows the calculation of slowness, maximum semblance, and azimuth values in real-
time that runs in all 4 seismic arrays of Alaska.

✔ The 22 July 2020 Simeonof earthquake, the first earthquake that has a large enough source region to potentially be tracked
with the array data since the real-time seismic array analysis integration, produced results in real-time that demonstrate the
potential to improve our assessment of large earthquakes in the uncertain moments after they occur.

✔ Both real-time and post-processing seismic array analyses for this mainshock revealed that the actual source process of this
earthquake can be visualized, and the rupture propagation can be tracked from the Eielson array by looking into the BAZ
variation of the first ~50 seconds after the P wave arrival. 

 Are the four arrays in Alaska capable of resolving spatial details inside an aftershock cloud?

 • Fig. 7 shows the distribution of the aftershock cloud within two months of the Simeonof earthquake. Here we are only showing
the relocated aftershocks (~80 events) that are calibrated (i.e. have high-resolution earthquake locations). These events are
selected to ensure that seismic array analysis is done with as accurate of locations as possible.

 • We examine the array results for this set of well-located aftershocks with the post-processing algorithm (Fig. 8). The first row
in Fig. 8 shows the true vs. calculated BAZ distribution of all of these events, including the mainshock. Events are color-coded
according to the days after the mainshock. Outliers are automatically removed since it's zoomed in to 10 degrees +- azimuth.  

• To see whether we can resolve aftershock locations within this narrow cone of backazimuths, we subset to include only
solutions that have high relative power (second row, Fig. 8).

 • Beaver Creek displays a + BAZ trend with time, hinting that aftershock distribution can be tracked with this analysis. If we
further remove the events that are later in the sequence but have azimuths similar to the mainshock (i.e. later aftershocks that are
located closer to the mainshock to the east), then the pattern becomes more clear.

 • Eielson shows more scatter. We find this puzzling since the rupture pattern can be well-resolved in the Eielson array. 

Conclusions:

• The Simeonof earthquake provides a particularly challenging test of real-time array performance. The distance from the arrays,
combined with the size of the rupture patch, produce backazimuth results that vary by no more than 6-8 degrees. Both the
mainshock and aftershock results (Goals 3 & 4) suggest that this resolution is near the limit of what we might expect to be useful
in rapid real-time results in the future. Earthquakes with a larger rupture patch, and earthquakes that are closer to the arrays, will
manifest in larger backazimuth ranges. For these earthquakes, we can expect more resolution within the rupture zone than is seen
for this event.



• In the early minutes and hours after a large earthquake (when the extent and rupture characteristics remain highly uncertain)
these results demonstrate that real-time array parameters can provide meaningful additional insights to aid situational awareness.

Acknowledgments: The real-time processing is done with the Antelope orbwfproc process (https://brtt.com/software/), post-processing is carried out with Obspy's array

processing tool (https://docs.obspy.org/packages/autogen/obspy.signal.array_analysis.array_processing.html#obspy.signal.array_analysis.array_processing), and earthquakes are relocated with mloc (https://seismo.com/mloc/). 
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ABSTRACT
We examine the feasibility and merit of utilizing seismic array analysis as a routine tool for detecting and analyzing seismic
events in and around Alaska. Alaska has three minor seismic arrays (each with five elements) and one major array (20
elements). These arrays provide high signal-to-noise records suitable for beamforming at regional and teleseismic distances.
Our goal is to investigate ways of extracting additional data for major earthquake sequences and explore key aspects of the
implementation of array processing at these scales.

 

The 22 July 2020 Simeonof earthquake on the Alaska-Aleutian subduction zone is the first M>7 earthquake since the Alaska
Earthquake Center began running event detections on array data in real-time. In this study we (1) examine the performance of
our seismic array analysis, and (2) explore the effects of having real-time back-azimuth and slowness parameters for
characterizing the rupture dimensions and directivity of the mainshock.

In addition, by analyzing a hand-curated catalog of regional-scale earthquakes that are well-recorded on the four seismic
arrays, we compare between different algorithms and processing parameters, as well as the variation in array designs. These
events provide a large dataset that spans backazimuths, depths, distances, magnitudes, and event types thus allowing for
statistically robust comparisons.


