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AMBIENT NOISE SEISMIC DATA PROCESSING 

AMBIENT NOISE RESULTS 
When surface temperatures increase, Pleistocene permafrost  
soil and ice warms, which decreases soil shear strength, causing 
volume reduction and hazardous ground subsidence. The 
involved thermo-hydro-mechanical couplings are poorly 
understood, but important because of infrastructure hazard. 
Alaska will spend $4.4 – $7.8B addressing and responding to 
permafrost thaw this century (Melvin et al., 2016, Nature).  
 
In this study, we actively warmed a 20mX30m area at the 
permafrost table (~4m depth) from Aug – Oct 2016 in Fairbanks, 
AK. We utilize traffic noise (2 – 40 Hz) at a distance of ~100m. 
We record with a dense (1 sensor/m) fiber-optic distributed 
acoustic sensing (DAS) array.  
 
Our aim is to understand key processes involved in top-down 
discontinuous permafrost degradation, and explore ambient DAS 
recordings as part of a permafrost thaw early warning system. 
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ACTIVE THAW EXPERIMENT 

Raw fiber-optic DAS data 
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How long do we need  
to stack? 

Seismic variations  
In traveltime dominated  
by precipitation/infiltration 

Active Source  
(Surface Orbital Vibrator)  

Observations 
Work by Shan Dou 

In August 2016, controlled permafrost 
warming demonstration experiment at 
the US Army Corps of Engineers’ 
Permafrost Research Station on 
Farmers Loop Road in Fairbanks, AK. 
 
The warming experiment, which lasted 
for 60 days, accelerated the state of 
permafrost degradation by 
approximately two decades, deepening 
the permafrost table from 4m to 5.5m. 
 
During thaw, we made continuous 
seismic recordings with a 20-cm deep 
trenched fiber-optic cable connected to 
a Silixa iDAS interrogator. Seismic 
waves have a peak frequency around 
5-15 Hz that is generated by vehicles 
traveling along Farmer’s Loop Road 
100m NW.  
 
Analysis of the local ambient noise field 
enables time-lapse investigation of 
hypothesized shear wave speed and 
attenuation changes, which lab studies 
suggest may result during freeze-thaw 
because of evolving soil shear modulus 
and saturation. 

Is there correlation function  
stability? 
 
Can we rely on  
vehicle source stability? 
 
Can we extract attenuation  
information? 
 
How do we interpret 
changes in travel time or 
attenuation in a rock 
physics framework? 

How do soil properties  
change as permafrost thaws?  
 
What key processes drive  
permafrost degradation? 
-! Lateral advection? 
-! Subsidence? 
-! Changing  
           permeability? 
 

During thaw, what is the  
timescale of strength  
reduction, and does it precede  
fluid migration and/or  
mechanical subsidence? 
 
How do remnant cryotextures evolve 
during thaw? How does this scale-up to 
bulk (Darcy) permeability? Is premeability 
time-dependent? 
 
 

Is there correlation function  
stability? 

Can we rely on  
vehicle source stability? 

Can we extract attenuation  
information? 

How do we interpret 
changes in travel time or 
attenuation in a rock 
physics framework? 

premeability

 
 
 

Our 
Study 

How sensitive are shallow buried 
fiber-optics to vehicular vibration? 
 

How does dense recording of 
seismic waves at the critical zone 
improve decision-making? 
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Test 1: Control Ray Paths 

Moving vehicles generate a highly 
nonstationary source field for ambient 
seismic noise analysis (Park and Miller, 
2008). 
 
In the 2-40 Hz frequency range, spectral 
attributes stabilize after averaging over 
hours. We use 6 hour linear stacks to 
represent each day.  
 
Convergence of this noise correlation 
function highlights the robustness of 
relatively low amplitude seismic phases that 
appear to travel at ~1000m/s and <100m/s, 
velocities associated with body or coda 
waves. 
 
Repeatability is important to establish a 
noise level above which we can validly make 
interpretations (Dou et al., 2017). 
 

Several papers have 
discussed the merits 
of different flavors of 
correlation function 
(Viens et al., 2015; 
Lawrence et al., 2013; 
Prieto et al., 2009; 
Prieto et al., 2010).  
 
We elect to use a 
coherency function. 
This choice provides 
travel time and 
perhaps attenuation 
information.  

Distributed fiber-optics provide single-component 
(here, horizontal) seismic strain-rate records every 
meter up to ~20km. Each measurement describes 
how a 10m gauge of fiber deforms. We assume rigid 
fiber-soil coupling. Sensitivity to particle velocity 
depends on orientation like cos2" (for P-waves, Wu 
et al., 2017) 
 
A vehicle wheel couples into the roadbed and 
generates seismic waves that propagate hundreds 
of meters. We hypothesize that the seismic energy 
radiating out from a vehicle can be modeled like two 
time-migrating unit-force impulses laterally 
separated by the axle spacing (2-3m). 
 
Vehicle noise concentrates around 8-20 Hz. We use 
a sampling rate of 1000 Hz, to record the vibration 
as it propagates without aliasing. 
 

Horizontal-Vertical 
Spectral Ratio Using 
Trillium PC-120s 
Work by S. James 

Hydrological  
changes  
in monitoring  
well 

Temperature  
Increases 

Resistive 
Heater 
(4m) 

Permafrost  
Core X-Ray CT  

Work by C. Ulrich and S. Borglin 
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Observations from Ambient Noise 
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Virtual-source @450m ! Line A 
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Virtual-source @400m ! Line D Test 2: Warming Ray Paths 
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Virtual-source @450m ! Line D 

BP p 1 n 2 c 8 – 18 Hz 
Trace Normalized  

BP p 1 n 2 c 8 – 18 Hz 
Trace Normalized  

BP p 1 n 2 c 8 – 18 Hz 
Trace Normalized  

BP p 1 n 2 c 8 – 18 Hz 
Trace Normalized  

Observations from the Permafrost Thaw Experiment 

How do seismic waves change without thaw?  
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How do seismic waves change during thaw?  
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Travel-time Changes ! dv/v 
 

Seismic energy that traverses the warming plot in <0.3s from the 
roadside virtual source travels faster than the surface waves (200 m/s):  
125 m / 0.1 s = 1250 m/s; 125 m / 0.3 s = 416 m/s. 
 
We consider the linear waveform stack across 10 DAS channels 
(90-100m) along Lines A and D, and use 1000 m/s to compute dv/v.  
 
Travel times of this fastest phase (0 – 0.3s) appear to slow down after 
August 31, resulting in a relative delay of 10% by early October. 
 
 

Permafrost 

Unfrozen  
Silt 

Surface Waves 
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Refracted S-wave 

Seismic velocities (Vp and Vs) decrease rapidly during solid-
liquid phase change.  
 
Anelastic (intrinsic) attenuation is frequency dependent and 
may constrain length scale of key thaw process.  
 
The presence of a “seismic thaw precursor” may depend more 
on freezing point depression due to solute concentration and 
pore size distribution.  
 

Theoretical DAS response to shear (e.g., colinear transverse-transverse source-receiver geometry 
for the ambient case shown) is hypothesized to maximize at 45o. Observations of variation in 
amplitude with azimuth in the ambient noise tests support this hypothesis. 
 
Meter-scale density of DAS enables high-resolution traveltime tomography based on these 
observations. 

Seismic Wave Propagation in Thaw Zone 

Rock Physics Interpretation 

Implications for Distributed Fiber-optic  
Seismology 
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DAS sensor azimuthal sensitivity  
to shear wave  

Ultrasonic P-wave Observations during  
Freeze-thaw of saturated sand+saline H20 
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Amplitude Changes ! Q? 
 

Stable coherency estimates may preserve amplitude characteristics, 
therefore enabling time-lapse measurements of attenuation.  
 
For the DAS sensor, amplitude also depends on azimuth.  
 
Using an oblique colinear source-receiver geometry that includes the 
warming plot, we find a systematic decrease in 8.3 Hz seismic energy 
that begins after August 31, resulting in a total decrease of >95% by 
early October. 
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1.) Permafrost  
Hydrology 

2.) Ambient  
Noise  

Seismology 

3.) Distributed  
Acoustic  
Sensing 

Bensen et al., 2007;  
Seats et al., 2012 


