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[1] We analyze seismic noise recorded on the 18 short-period, vertical component
seismometers of the Yellowknife Seismic Array (YKA). YKA has an aperture of 23 km
and is sited on cratonic lithosphere in an area with low cultural noise. These properties
make it ideal for studying natural seismic noise at periods of 1-3 s. We calculated
frequency-wave number spectra in this band for over 6,000 time windows that were
extracted once per day for 17 years (1991-2007). Slowness analysis reveals a rich
variety of seismic phases originating from distinct source regions: R, waves from the
Great Slave Lake; L, waves from the Atlantic, Pacific, and Arctic Oceans; and
teleseismic P waves from the north Pacific and equatorial mid-Atlantic regions. The
surface wave energy is generated along coastlines, while the body wave energy is
generated at least in part in deep-water, pelagic regions. Surface waves tend to dominate
at the longer periods and, just as in earthquake seismograms, L, is the most prominent
arrival. Although the periods we study are slightly shorter than the classic double-
frequency microseismic band of 4—10 s, the noise at YKA has clear seasonal behavior
that is consistent with the ocean wave climate in the Northern Hemisphere. The temporal
variation of most of the noise sources can be well fit using just two Fourier
components: yearly and biyearly terms that combine to give a fast rise in microseismic

power from mid-June through mid-October, followed by a gradual decline. The
exception is the R, energy from the Great Slave Lake, which shows a sharp drop in
noise power over a 2-week period in November as the lake freezes. The L, noise from
the east has a small but statistically significant positive slope, perhaps implying
increased ocean wave activity in the North Atlantic over the last 17 years.

Citation: Koper, K. D., B. de Foy, and H. Benz (2009), Composition and variation of noise recorded at the Yellowknife Seismic
Array, 1991-2007, J. Geophys. Res., 114, B10310, doi:10.1029/2009JB006307.

1. Introduction

[2] Primarily because of two factors there has recently
been an increase of interest in Earth’s seismic noise field.
First is the recognition that ambient seismic noise can be
used to image shallow Earth structure [Courtland, 2008].
Tomographers are now able to fill in gaps created by
irregularities in earthquake location and produce more
uniform images of wave speed variations in the crust
[e.g., Shapiro et al., 2005; Sabra et al., 2005]. However,
the theory behind this technique presupposes a diffuse
symmetric noise field and if anisotropy exists in the noise
then the resulting Green’s functions may be biased. Cur-
rently, this problem is addressed by averaging over a year’s
worth of data to mitigate seasonal patterns in noise, and/or
by averaging the causal and acausal portions of the cross-
correlelograms. Precise location of noise sources would
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reduce the need for these actions and enhance temporal
monitoring of Earth structure.

[3] A second factor responsible for increased interest in
seismic noise is the recognition that historical records of
microseisms can be used as proxies for ocean wave climate,
and so perhaps have implications for understanding the
effects of global warming [Bromirski et al., 1999]. For
instance, Grevemeyer et al. [2000] used a 40-year record
of noise from a seismometer in Hamburg, Germany to study
the wave climate in the North Atlantic. They found evi-
dence for a strong increase in wave activity over the period
of 1974—1998 that tracked increased surface air temperature
in the region. More recently, Aster et al. [2008a] studied
seismic noise recorded by 11 globally distributed seismom-
eters over the period of 1986—-2006 and found a strong
annual signal at nearly all stations, as well as a signal for the
El Nino event of 1997—1998. Importantly, these authors
also found evidence for increased global storm activity for
the period of 1972-2008 [Aster et al., 2008b]. Proper
location of microseism source areas can enhance these types
of studies since climate change likely affects not just the
number and strength of storms but also their geographical
tracks.
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Geometry and location of the Yellowknife seismic array (YKA). The darkened triangle is the

reference element of the array. The large body of water south of the array is the Great Slave Lake.

[4] Seismic arrays are particularly useful in studying
seismic noise because they give directional constraints
(backazimuth and apparent velocity) on incoming energy.
This enables P waves to be identified and separated from
surface waves, and backprojected to specific source areas
[Haubrich and McCamy, 1969]. In fact, using continuous
body wave data from modern seismic arrays enables noise
sources to be geographically tracked as a function of time
[Gerstoft et al., 2006]. It is more difficult to locate noise
sources with surface waves because at a given period they
arrive with a fixed apparent velocity and so give no
indication of distance. However, by considering the disper-
sion characteristics of water waves [Friedrich et al., 1998]
or by using the intersection of backazimuth estimates from
more than one array [Cessaro, 1994] locations can be
inferred. It is currently debated whether the surface wave
component of microseisms observed at continental sites is
generated primarily along coastlines [Bromirski et al., 1999;
Bromirski, 2001; Bromirski et al., 2005; Yang and Ritzwoller,
2008] or if it is also generated in deep-sea areas [Cessaro,
1994; Stehly et al., 2006; Chevrot et al., 2007; Kedar et al.,
2008].

[5] In this work we analyze the seismic noise recorded by
the Yellowknife seismic array (YKA) in northern Canada.
We concentrate on locating the noise sources that are stable
over long time periods and determining the type of seismic
waves that they generate. Although the short-period YKA
sensors are most sensitive to energy at periods of 1 s, and
the dominant double-frequency band of microseismic energy
occurs at periods of 4—10 s, previous work with a similar
seismic array in Thailand was successful in identifying
ocean-wave induced seismic energy at short periods [Koper

and de Foy, 2008]. YKA is located on cratonic lithosphere
in a remote area with low cultural noise (Figure 1), and is
positioned to record microseisms from the Atlantic, Pacific,
and Arctic Oceans. Because of the simple geology in the
region the slowness anomalies at YKA are extremely small
[Bondar et al., 1999]. In practical terms this means that
body wave energy observed at YKA can be accurately
backprojected to geographical source regions. Digital data
from YKA are available from 1991 through the present,
making it one of the longest publicly and continuously
available sets of array data in the world.

2. Data and Methods

[6] We obtained data for this study using the Automatic
Data Request Manager (AutoDRM) of the Canadian National
Data Center (CNDC). This service is remarkably efficient
and large amounts of data can be obtained quickly. For each
day from 1 January 1991 through 31 December 2007 we
ordered one 5-minute-long segment of data from the 18 short-
period seismometers at YKA. The start times were assigned
using a random number generator and occurred uniformly at
all times of the day. We received usable data from 6,166 of
the 6,209 requests for a success rate of 99.3%. We applied
an algorithm that eliminated null traces and were left with
an average of 17.5 traces per time window. We did not
visually inspect every trace, but we did make approximately
100 spot checks of the waveforms and found little evidence
for electronic noise or data dropouts. The potential influence
of transient signals from earthquakes and mining blasts is
discussed later.
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