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•  ~280 sites 
•  85 km spacing 
•  Broadband seismometers, 

infrasound, pressure, 
meteorological, soil temp 

•  <4hr Communications 
•  Fully deployed 2017 
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Seismicity in Alaska & Yukon 

 www.usarray.org/alaska 

TA in Alaska / Yukon 



The Greenland Ice Sheet Monitoring Network (GLISN) provides a 
precedent for high quality, multi-modal observations yielding diverse 
science results 
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GLISN 
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Figure 4: Spatio-temporal variation of glacial-earthquake occurrence in Greenland. Left: Each 
earthquake-generating glacier is represented by a single dot, with sizes scaled linearly by the number 
of glacial earthquakes occurring at the glacier during each time period. The scaling is consistent 
between time periods; numbers range from 1 earthquake in region 8 during 2006–2010 to 36 
earthquakes in region 2 (Helheim Glacier) during 2000–2005. (From Veitch and Nettles, 2012) Right: 
Number of glacial earthquakes in Greenland occurring from 1993-2011. (Updated after Nettles and 
Ekström, 2010)
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Figure 4: Spatio-temporal variation of glacial-earthquake occurrence in Greenland. Left: Each 
earthquake-generating glacier is represented by a single dot, with sizes scaled linearly by the number 
of glacial earthquakes occurring at the glacier during each time period. The scaling is consistent 
between time periods; numbers range from 1 earthquake in region 8 during 2006–2010 to 36 
earthquakes in region 2 (Helheim Glacier) during 2000–2005. (From Veitch and Nettles, 2012) Right: 
Number of glacial earthquakes in Greenland occurring from 1993-2011. (Updated after Nettles and 
Ekström, 2010)

Updated after Nettles and Ekström, 2010 

Spatio-temporal variation of glacial-quake occurrence 



“. . . these stations will plumb Alaska’s 
depths, illuminating deep-Earth structures 
as well as registering the shallow tremors of 
earthquakes and volcanic eruptions” 
 
“Scientists will begin to examine one of the 
most active subduction zones on the planet” 
 
“Studying the thickness of Alaska’s crust 
could help geologists better define these 
fragments and understand how the state 
was assembled” 
 
“. . . improved earthquake monitoring in a 
state that experiences more temblors than 
even California” 
 
“. . . improve mapping of the state’s poorly 
defined fault” 
 
“Meteorologists have piggybacked on the 
stations’ ability to collect and transmit 
data . . . the data have already improved 
forecasts. In a place where many people get 
around in small planes, that can save lives.” 

Science, 06 October 2017 Science Magazine Provides a 
Nice Overview of Solid Earth 

Research Interests 
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Seismicity 

Figure from Mike West, UAF 
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Figure from Mike West, UAF 

Seismicity 
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Propagating Seismic Energy is 
Used to Probe the Earth’s Interior 
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Tsunami 
W-Phase and  

Rapid Earthquake Characterization 

G. Hayes, USGS 

Large tsunamigenic earthquakes in 
the subduction zone can be 
characterized with real time data 
from broadband and strong motion 
sensors, using a variety of 
techniques, including the W-phase 
method for magnitude estimation 

Strong Motion sensors (stars) stay on-scale 
even in the largest earthquakes 
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Volcano Infrasound 

4 TA stations recorded 
the March 2016 Pavlof 
eruption (before network 
was fully deployed) 
 
Recording shows the 
eruption on infrasound 
channel (BDF) and 
seismic channel (BDF) 
 
 

December 2016 Bogoslof eruptions 
recorded by more TA stations after the 
2016 field deployment 
 
Collaborative NSF project #1614323 
between UC Santa Barbara, UAF, and 
USGS-AVO to develop operational eruption 
detection and location algorithm using TA 
infrasound data 

Fee et al, Science, 2017 

Figure from David Fee, AVO/UAFGI 
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Observations possible with 
Current Instrumentation 

Storm Systems Landslides 

Wind Tsunami 

Observations Possible with 
Additional Instrumentation 

Space Weather 

Snow Depth 

Sea Ice Ice Jams 

Soil Temperature 

The ATA Provides an Arctic 
Observing Platform 

Soil Moisture 

Eruptions Vegetation 



Met Sensors in AK 
42 TA supplied, NSF 
35 UCSD, NSF 
32 NOAA  NWS 
40 NASA ABoVE 
2 Yukon  
============ 
151 sensors 
 
 
129 installed 
16 planned 
============ 
145 stations 

"It is being used directly for 
situational awareness.  The 
data is also directly being in 

the RTMA/URMA analysis for 
Alaska and our local analysis   
These analysis are used to 

verify our forecasts, 
situational awareness, and for 
ground truth to post-process 

modeling systems." 
- Gene Petrescu, NWS 



Atmospheric Studies 
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Continuous, real-time time series 

Movie shows 10 days of pressure 
variations across array 

All meteorological data are contributed to MesoWest 
in real-time  

Screen shot of 
MesoWest web interface 



Soil Temperature Profile 
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(78) Stations Supported by: 
•  NASA ABoVE 
•  Yukon Geo Survey 
 
1-2.5M depths  
w/ 4 to 8 thermistors 
 
Data stored locally 
 
UAF Permafrost Group 
   V. Romanovsky 
   P. Lipovsky 
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Wildfire Management 

Alaska Fire & Fuels is an 
interagency resource for 
fire weather and fuel 
conditions throughout 
Alaska 
 
During an average Alaska 
fire season, there are 
about 500 fires and 
approximately 1 million 
acres are burned 
 
Data from TA stations with 
meteorological sensors 
assimilated through 
MesoWest 
 
TA stations fill in large 
coverage gaps across the 
state 

https://akff.mesowest.org/map, red circles are TA stations 



Movie below (play in full screen mode) illustrates how wave-induced 
seismic noise is modulated by the presence / absence of sea ice. 
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High noise (red) corresponds to 
open water 

Arctic Sea Ice Dynamics 

•  Abrupt seasonal 
changes in the 
characteristics in 
seismic noise 

 
•  Amplitude of seismic 

noise at short periods 
decreases on northern 
coastal stations as sea 
ice becomes landfast 
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Arctic Sea Ice Dynamics 
 
 

•  Example: Same four-
month time period and 
scale for two stations 
with different freeze-up 
dates 

Time series show power 
in seismic data as a 
function of time.  
 
Decrease in power is 
coincident with freeze-up. 



NSF Polar Geospatial Center 

Seismometers can detect landslides in 
remote areas and discern time, 
location, size, direction, and velocity 

Landslides 

AK.PIN ~70km away 
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Potential to Observe Elasto-gravity 
Signals from Great Earthquakes 

Elastogravity Signals Could Enable  
Rapid Characterization of Great Earthquakes 

Vallée et al., 2017 

An illustration of four hypothetical events, 
showing that stations in the northern part 
of Alaska (green shading) fall in the 
optimum observing range of ~750 – 2,500 
km for events anywhere along the 
subduction zone (radii of circles increment 
by 500 km relative to hypothetical source 
locations) 
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Observations possible with 
Current Instrumentation 

Storm Systems Landslides 

Wind Tsunami 

Observations Possible with 
Additional Instrumentation 

Space Weather 

Snow Depth 

Sea Ice Ice Jams 

Soil Temperature 

The ATA Provides an Arctic 
Observing Platform 

Soil Moisture 

Eruptions Vegetation 



•  Opportunity to expand 
TEC observation 
coverage 

•  Appropriate GNSS 
receivers are consistent 
with power and 
telemetry capabilities at 
ATA sites 

•  Presently exploring an 
opportunity to host 
receivers being 
deployed by the NSF-
funded MACAWS 
project 
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Potential for TEC 
Observations 

North American Total Electron Content 
Results from NOAA Space Weather Prediction Center 



GPS Interferometric Reflectometry possible with hut-top antenna mount 
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Figure from: K.M. Larson, WIREs Water 2016. doi: 10.1002/wat2.1167  

Potential for Soil Moisture / Snow 
Depth / Vegetation Observations 

Multi-pathing to GPS antenna 
samples nearby ground conditions 
(~30-40 m radius around antenna) 

From the PBO H2O Portal at http://xenon.colorado.edu/portal  

Recent work has demonstrated the effective use of GPS for sampling the soil 
moisture, snow depth, and vegetation properties in the immediate vicinity of the 
GPS antenna. 
Soil Moisture: 
Larson, K.M., E.E. Small, E. Gutmann, A. Bilich, J. Braun, V. Zavorotny, Use of GPS receivers as a soil moisture 
network for water cycle studies, Geophys. Res. Lett., 35, L24405, doi:10.1029/2008GL036013, 2008.  
Snow Depth: 
Larson, K.M., E. Gutmann, V. Zavorotny, J. Braun, M. Williams, and F. Nievinski, Can We Measure Snow Depth with 
GPS Receivers?,Geophys. Res. Lett., 36, L17502, doi:10.1029/2009GL039430, 2009. 
Vegetation: 
Small, E.E., K.M. Larson, and J. J. Braun, Sensing Vegetation Growth Using Reflected GPS Signals, Geophys. Res. 
Lett. 37, L12401, doi:10.1029/2010GL042951, 2010.  
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Aviation Weather 
Low power, rugged cameras could 
be integrated at key TA stations 
 
The FAA webcam website for Alaska 
aviation is heavily utilized  
 
Meteorological data from TA stations 
already helping aviators in poorly 
sampled areas 
 
TA sites could infill existing FAA 
coverage 
 

https://avcams.faa.gov/ 

Webcam program began in 2007, by 2014 there had been an 
86% reduction in weather related accidents in Alaska 

Alaska has more active aviation pilots 
per capita than any other state (DOT, 
2004) 
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Observations possible with 
Current Instrumentation 

Storm Systems Landslides 

Wind Tsunami 

Observations Possible with 
Additional Instrumentation 

Space Weather 

Snow Depth 

Sea Ice Ice Jams 

Soil Temperature 

The ATA Provides an Arctic 
Observing Platform 

Soil Moisture 

Eruptions Vegetation 



•  An Observational Approach encompassing a large 
geographic area with uniform, high station density-not 
unique to seismology. 
•  Transformational science 
•  “Swiss Army Knife” of capabilities 
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Summary 
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For More Information 

EarthScope is funded by the National Science Foundation. 
 

On the Web 
• EarthScope 

www.earthscope.org 
• USArray 

www.usarray.org/alaska 
• National Science Foundation 

www.nsf.gov 

Questions? Contact: 
 

Bob Busby, busby@iris.edu, Transportable Array Manager 
 

Bob Woodward, woodward@iris.edu, IRIS Director of Instrumentation Services 


