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Abstract Seismic interferometry of vehicle traffic recorded by a vertical seismograph array along a high-
way in upstate New York has recovered surface and body waves that match the velocities of waves in the De-
vonian and Silurian shales. Faster arrivals extracted via interferometry align with P-waves from a controlled-
source refraction survey andwith local velocities derived from seismicity in the study region, while the slower
linear arrivals agree with Rayleigh waves observed in the refraction survey. Traffic volume shows significant
variation between peak and non-peak hours. Amplitude variation is minimal, reducing the need for normal-
ization to extract body waves; nonetheless, better results are obtained when cross-coherence is used in con-
junctionwith small timewindows to reduce crosstalk among the vehicle sources, given their transient nature.
In comparison to other seismic sources such as trains, vehicle traffic also has a broadband signature, although
more compact in time as shown by spectrograms. The results presented here suggest that vehicle traffic can
function as an effective seismic source for body wave interferometry under the right conditions and survey
geometries.

Resumen (Español) La interferometría sísmica del tráfico vehicular en una carretera de Nueva York
recuperó ondas superficiales y de cuerpo con velocidades que coinciden con las lutitas devónicas y silúricas
de la región. Las llegadas rápidas se alinean con las ondas P de un estudio de refracción, mientras que las
llegadas más lentas corresponden a ondas de Rayleigh. Aunque el tráfico se observó constantemente, hay
un contraste significativo entre las horas pico y de bajo tránsito. La variación de amplitud es mínima, lo que
reduce la necesidad de normalización para extraer ondas de cuerpo; sin embargo, se logran mejores resulta-
dos con coherencia cruzada y ventanas de tiempo pequeñas para minimizar la contaminación entre fuentes
vehiculares. En comparación con otras fuentes sísmicas, el tráfico vehicular presenta un espectro de banda
ancha pero más compacto. Los resultados sugieren que el tráfico puede ser una fuente sísmica efectiva para
la interferometría de ondas de cuerpo bajo las condiciones adecuadas.

Non-technical summary Researchers studied vehicle traffic along a highway in upstate New York
using a specialized equipment setup and advanced techniques to analyze the vibrations created by the vehi-
cles. They found that the waves producedmatched well with the characteristics of certain underground rock
formations, found from more standard techniques. The amount of traffic varied significantly between busy
and quiet times. Interestingly, the variations in the strength of the signals were not large, making it easier
to analyze the data without significant adjustments. However, using specific techniques helped improve the
quality of the results by equalizing the strength of the signals. Overall, the study suggests that vehicle traffic
can be a useful source for gathering seismic data, which could help in understanding the underground struc-
tures, when the right conditions are met.

1 Introduction
In the past two decades seismic interferometry (SI) has
become an important tool in the seismological toolkit.
The origins of SI can be traced to the work of Claerbout
(1968) and later to the developments in the early 2000’s
by Bakulin and Calvert (2004), Schuster et al. (2004),
Snieder (2004), Wapenaar (2003, 2004), and Wapenaar
and Fokkema (2006). Fundamentally, SI is used to es-
timate the acoustic or elastic Green’s function between
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two locations. The retrieved seismic trace corresponds
to the recording by one receiver of a virtual excita-
tion at the location of the other (Wapenaar et al., 2004).
Early examples focused on recovering the surface wave
Green’s function from cross-correlation of simultane-
ous seismic records (e.g., Shapiro et al., 2005), as the
seismic field is known to be dominated by fundamental
mode surface waves below frequencies of 0.1 Hz (Ek-
ström, 2001; Haubrich et al., 1963; Toksöz and Lacoss,
1968). Subsequent work was also aimed at the extrac-
tion of body waves from the seismic field (Roux et al.,
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Figure 1 a) Global map centered in North America with location of experiment shown by black triangle. b) Regional map
of upstate New York showing location of survey (black triangle). c) Station map showing seismographs as black triangles, a
multichannel refraction survey as red line and NY13 highway as awhite line. Notice the location of the survey within a glacial
valley.

2005; Ruigrok et al., 2010; Ryberg, 2011; Draganov et al.,
2008).
Althoughmost of the work in SI has been directed to-

wards the seismic field generated by natural processes,
the anthropogenic component of the field has become
an important source for SI studies. Early SI examples
using anthropogenic sources include structural imaging
of a tunnel using vehicle sources (Matsuoka et al., 2006;
Shiraishi et al., 2006), surface wave retrieval from vehi-
cle traffic (Halliday et al., 2008), and measurements of
shear-wave splitting from recordings by a borehole ar-
ray of mechanical noise at the surface (Miyazawa et al.,
2008). More recent work has explored railroads (e.g.,
Brenguier et al., 2019; Quiros et al., 2016), urban traf-
fic (e.g., Nakata et al., 2015, 2011), mining activity (e.g.,
Chamarczuk et al., 2022), and even wind farms (e.g.,
Spangler and Nowack, 2022) as sources for interfero-
metric imaging. Of these sources, vehicle traffic due to
cars and trucks in suburban and urban environments
is the most abundant, and unlike traditional controlled
sources, vehicle traffic represents no cost to the sur-
veyor, is relatively stable over time, has minimal en-
vironmental effects, and can be considered wideband
(Liu et al., 2021).
Several studies have applied SI to vehicle traffic with

varying degrees of success. In general, these can be fur-
ther divided into those focused on the retrieval of sur-
facewaves (e.g., BehmandSnieder, 2013;Mi et al., 2022)
and those focused on the retrieval of body waves (e.g.,
Nakata et al., 2015, 2011). In this study we apply inter-
receiver SI to a vehicle traffic dataset collected along a
highly transited stretch of road between the urban cen-
ters of Ithaca andHorseheads in upstate NewYork, with

the goal of retrieving body waves and to better charac-
terize vehicle traffic as a source for interferometry.

2 Deployment

In the fall of 2011 eighty-five vertical component seis-
mographs were deployed along New York State Route
13 (NY 13) within a glacial valley, 16 km southwest
of Ithaca, NY (Figure 1). The equipment was ob-
tained from the SAGE instrument pool (previously IRIS-
PASSCAL) of the Earthscope Consortium.
The experiment itself was a spinoff of the larger Vir-

ginia AIDA 2011 project (e.g., Brown et al., 2011, 2012)
which focused on recording the aftershock sequence of
the 5.8 MwMineral Virginia earthquake, but which also
recorded large volumes of vehicle traffic along a com-
plex network of local roads. The numerous local roads
in Mineral, Virginia presented added complexity to un-
derstand vehicle traffic as a seismic source, thus the de-
cisionwasmade to re-deploy some of these instruments
under simpler experimental conditions.
The site near Ithaca, NY was chosen for several rea-

sons: (1) the road geometry is relatively straight, (2) it
lies within a glacial valley far away from other roads
and additional sources of anthropogenic noise, and (3)
it has a large traffic volume between the urban centers
of Ithaca and Horseheads, NY.
For the NY 13 experiment each seismograph con-

sisted of a Ref Tek 125A recorder (i.e., Texan) and a 4.5
Hz vertical component geophone (Geospace GS-11D).
Data acquisition was continuous from 23 September till
4 October 2011 (i.e., 265 hours). Each station was buried
approximately 30 cm below the surface. The linear ar-
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Figure 2 Raw seismograms of the 76th hour of recording. Events dipping to the right correspond to vehicles traveling from
NE (i.e., station 1) to SW (i.e., station 85), while events dipping to the left correspond to travel in the opposite direction. The
horizontal axis corresponds to the distance from station 1. Note that station 66 recorded high frequency noise. The largest
amplitude dipping events likely correspond to semi-trucks (lorries) traveling through the array while the smaller amplitude
dipping events correspond to passenger vehicles.

ray was deployed from NE to SW (Figure 1b) over a
three-day periodwith the help of graduate studentswho
volunteered. On day one stations 1 – 25 were installed,
while on day three stations 26 – 85 were installed. Si-
multaneous recording of all 85 stations took place for a
period of 172 hours (i.e., 7.16 days).

The array used two inter-station spacings, an inner
segment of sixty-one stations were spaced 25 m apart
(i.e., stations 21 – 81), bracketed between flanking seg-
ments with spacing of 100 m. The length of the array
was approximately 3.9 km. Tomaintain eachTexan con-
tinuously recording each datalogger needed its D-cell
batteries replaced every 3 days as their original design
was for controlled-source seismology. The sampling
rate used was 100 Hz corresponding to a Nyquist fre-
quency of 50 Hz.

A separate controlled-source seismic refraction ex-
periment was completed on 15 January 2014 using a
shotgun source and a 48-channel seismographwith ver-
tical component geophones spaced every 3.05 m (Fig-
ure 1c) to constrain the subsurface seismic velocities.
This survey was collected between receiver locations 21
and 26 (i.e., beginning of the denser section of themain
Texan deployment, shown with a red line on Figure 1c).

3 Data

The continuous data was acquired in hour-long win-
dows (or gathers). Subsequently the data was filtered to
remove thenon-zeromean value (DC component) of the
waveforms inherent in the Texan recorders. Inspection
of the raw data shows several dipping events which cor-
respond to vehicular traffic along NY 13 (Figure 2).
Although vehicle traffic was observed during every

hour of data, during the hours of the early morning, 1
– 3 a.m. local time (i.e., 5 – 7 UTC time) the volume of
traffic considerably diminishes, although no hour-long
record is free of vehicular traffic. Figure 3 shows a com-
parisonof night andday trafficalongNY13 for thehours
1 a.m. and 4 p.m. local time of 27 September 2011.
The nighttime record in Figure 3a presents the low-

est volume of traffic found in the data (i.e., quietest
period), while the daytime record in Figure 3c shows
peak volume of traffic. Both records are normalized by
the combined peak value amplitude (i.e., ensemble nor-
malization) for easier comparison. Another approach
is to compare the average amplitude spectrum of each
hour-long record: Figure 3b shows the spectrum for the
nighttime record (lowest volume of traffic observed),
while Figure 3d shows the spectrum for the daytime
record (peak volume of traffic observed). These spec-
tra effectively represent the lower (Figure 3b) and upper
(Figure 3d) amplitude limits found in the data, although

3
SEISMICA | volume 4.2 | 2025



SEISMICA | RESEARCH ARTICLE | Retrieval of body waves with seismic interferometry of vehicle traffic

Figure 3 Example of vehicular traffic volume during night and day periods. a) Hour-long recording starting at 1 a.m. local
time (hour 89 of recording), for 27 September 2011. This hour-long record presents the lowest volume of traffic found in the
dataset. Larger amplitude events between 1500 and 2000 s are likely semi-trailer trucks. b) The average amplitude spectrum
derived from a). c) Hour-long recording starting at 4 p.m. local time (hour 104 of recording), for 27 September 2011. This
hour-long record represent peak traffic hours. d) The average amplitude spectrum derived from c). Records a) and c) are
normalized by the combined peak value amplitude.

most of the dataset has average amplitude spectra closer
to Figure 3d, which is simply the result of having consid-
erably less hour-long records with low traffic volumes.

The spectral character of vehicular seismic signa-

tures was investigated by examining multiple stations.
As an example we select one station (i.e., station 17)
on three different hour-long data windows and extract
three different vehicular seismograms. Note that simi-
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Figure 4 Frequency analysis of vehicle traffic. Top row a) – c) shows seismograms for station 17 extracted from three differ-
ent hour recordings. All traces are individually normalized to their peak amplitude (i.e., trace normalization). Middle row d)
– f) shows the corresponding spectrograms. Bottom row g) – i) shows the corresponding amplitude spectrum.

lar spectral behavior was observed across the array and
there is nothing special about the selected station. The
top row in Figure 4 shows three seismic traces which
correspond to station 17 extracted from different hours.
The middle row shows spectrograms of these seismic
traces, and the bottom row shows their amplitude spec-
trum. The speed shown in Figure 4a – c was obtained by
measuring the slope of a dipping event (i.e., the speed of
a vehicle passing through the array) on each data gather
before extracting the trace for station 17. The spectro-
grams show very similar behavior across the different
traces examined, with high frequencies (f H > 20 Hz)
only visible when the vehicle is very close to the station,
and much lower frequencies when the vehicles are ap-
proaching and fading from the station. Finally, the am-
plitude spectra show a broadband signal for all example
traces, with energy peaking just below 20 Hz. Not sur-
prisingly, these spectral characteristics agree with pre-
vious reports in the literature (e.g., Meng et al., 2021;
Riahi and Gerstoft, 2015).

4 Methods
To generate interferometric source gathers, several pre-
processing routineswere tested. In the simplest case no
temporal normalization was applied prior to interfero-
metric processing. The reasoning behind this was that
the amplitudes of vehicle traffic are similar fromhour to
hour in the dataset, as shown by the amplitude bounds
in Figures 3b & 3d. Other normalization routines tested
were spectrum balancing (i.e., whitening) and one-bit
normalization.
The initial interferometric processing was done via

cross-correlation of receiver pairs, where a station is se-
lected and cross-correlated with all others in each hour-
long data gather. Following this, amplitude normal-
ization is applied on a trace-by-trace basis within each
cross-correlation gather or panel, and then all panels
are normalized to equalize the amplitudes between dif-
ferent panels (ensemble normalization), and finally all
panels are summed (stacked) to generate an interfero-
metric gatherwith 85 traces. This procedure is repeated
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Figure 5 Positive lags of the virtual source gather generated by cross-correlation interferometry, amplitude normalization
and stacking with various preprocessing sequences. a) No amplitude normalization prior to processing, and no filter applied
for display, where the faster arrivals discussed in the text are indicated by FA and the slower arrivals by SA. b) Spectral bal-
ancing (whitening) prior to processing, and no filter applied for display. c) One-bit normalization prior to processing, and no
filter applied for display. d) One-bit normalization prior to processing, and a bandpass filter (10 – 48 Hz) is applied for display.
All panels are displayed with individual trace normalization to enhance faster arrivals.

for all stations, resulting in 85 interferometric gathers
(one for each station).

Figure 5 shows the results obtained with the different
preprocessing routines using hour-long data windows
and the interferometric processing described in the
previous paragraph for station 29 as the virtual source.
Panels a) – c) do not include any filtering while panel d)
has been filtered between 10 – 48Hz during preprocess-
ing. All panels show large amplitude arrivals propagat-
ing from the location of station 29 with speeds between
280 – 410 m/s, which are likely Rayleigh waves exhibit-

ing little dispersion. Weaker arrivals are also visible on
all panels (i.e., top 0.5 s) with a speed of approximately
4800 m/s.

To test the effect of increased stacking on the inter-
ferometric gathers, we divided each 1-hour long data
window into 200 s, 60 s, and 10 s windows, which re-
sults in 18, 60, and 360 data windows, respectively,
for every hour of data. The reasoning behind using
smaller data windows is that the vehicles traversing the
array are transient sources, and not uncorrelated noise
sources producing a diffuse wavefield (Wapenaar and
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Figure 6 Effect of data window size on the coherency of arrivals. No amplitude normalization is done prior to the cross-
correlation as amplitude variability across the dataset is low. a) Data window size is 1 hour. b) Data window size is 200 s. c)
Data window size is 60 s. d) Data window size is 10 s. Records are normalized by the combined RMS value (i.e., ensemble
normalization).

Fokkema, 2006; Draganov et al., 2008). It is well estab-
lished that the length of the correlationwindows should
not matter if dealing with a diffuse wavefield; how-
ever, for the application of SI with transient sources,
each source must be measured independently (Wape-
naar andFokkema, 2006). Thismeans that using shorter
correlationwindows reduces the probability that two or
more sources will fall on the same data window intro-
ducing artifacts (e.g., crosstalk between sources) in the
cross-correlation gathers. The results of this compari-
son are shown in Figure 6, and as one would expect for
SI with transient sources such as vehicles, the smaller

data windows (e.g., 60 and 10 s) result in increased co-
herence for both the fast and slow arrivals described
earlier.

In addition to standard cross-correlation, cross-
coherence interferometry (i.e., power-normalized
cross-correlation) is tested as it has been reported by
some authors (Nakata et al., 2015, 2011; Barman et al.,
2023) to enhance the coherency of arrivals retrieved
in the virtual source gathers. To test the effectiveness
of cross-coherence versus cross-correlation the data is
divided into 10 s windows, guided by the results shown
in Figure 6d. For the interferometric processing,

7
SEISMICA | volume 4.2 | 2025



SEISMICA | RESEARCH ARTICLE | Retrieval of body waves with seismic interferometry of vehicle traffic

Figure 7 a) Positive and negative lags of the virtual source gather for station 29 for standard cross-correlation. Red box
indicates SNR analysis window. b) SNR as a function of time for the frequency band 10 – 20 Hz. Bar on the right indicates SNR
level relative to the start of the seismic windowwhere there are no arrivals. c) Positive and negative lags of the virtual source
gather for station 29 for cross-coherence. Individual trace scaling is applied to compare both gathers and to increased signal
coherence for faster arrivals. d) SNR as a function of time for the frequency band 10 – 20 Hz. Bar on the right indicates SNR
level relative to the start of the seismic windowwhere there are no arrivals.

cross-correlation and cross-coherence are applied to
each window and then all the generated gathers are
normalized before stacking. The results are shown in

Figure 7, where the virtual source gather obtained via
cross-correlation (Figure 7a) and cross-coherence (Fig-
ure 7c) are displayed with both negative and positive
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Figure 8 Positive lags of virtual source gather derived from cross-coherence interferometry. a) Virtual source at receiver 5
near the NE end of the array. b) Virtual source at receiver 10. c) Virtual source at receiver 52. d) Virtual source at receiver 62.
Red flag indicates virtual source position.

lags (unlike previous examples). Results are filtered
above 10 Hz to enhance the high-frequency faster
arrivals. Improvement can be seen in the retrieval
of these arrivals, especially at shorter offsets with
cross-coherence. To quantify this improvement the
signal-to-noise ratio (SNR) is computed within the win-
dows (red box) shown in Figures 7a & 7c, where each
trace is assumed to contain signal and uncorrelated
noise. Using

SNR = 1√
|A|
|C| − 1

one can estimate the level of signal relative to uncorre-
lated noise between two seismograms, where A is the

zero-lag value of the autocorrelation of the first trace,
and C is the maximum value of the cross-correlation of
the two traces (e.g., Holbrook et al., 2013). The calcula-
tion is done with small subsets of data within the win-
dow, each subset is 200 ms by four seismic traces, with
an overlap of 50%. Averaging SNR across the time axis
produces the plots in Figures 7b & 7d, for the frequency
band 10 – 20 Hz. The results of the SNR estimation
show that the cross-coherence interferometry produces
higher SNR results for this dataset, as indicated by the
vertical bar (Figures 7b & 7d) with value 0.78 and 1.06
for cross-correlation and cross-coherence, respectively.
Previous work by Nakata et al. (2011) demonstrates
that cross-coherence produces higher SNR results com-
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Figure 9 Common-offset stack virtual gather generated over all virtual source gathers with a 10 m bin size. The long red
line which is picked through the zero-crossing of the faster arrival emanating from the source indicates a velocity of ~ 5070
m/s.

pared to methodologies like cross-correlation and de-
convolution interferometry, especially when large am-
plitude variations are present in the data. Although this
is not the case for the NY 13 dataset (e.g., Figure 3), we
still observe an improvement from cross-coherence rel-
ative to cross-correlation interferometry.

Using other stations as the virtual source to generate
interferometric gathers shows similar arrivals to those
observed in Figures 5 – 7. Nonetheless, not all receiver
locations appear to work well as virtual sources. For
example, Figure 8 shows the virtual source gather ob-
tained via cross-coherence for four different receiver lo-
cations. Figure 8a shows the virtual source gather gen-

erated at receiver location 5 (i.e., VS 5). Here, faster ar-
rivals appear to emerge from receiver 13 instead of 5,
as would be expected. These of course are spurious ar-
rivals that are likely related to the bend in the geome-
try of the array near station 13, and/or to crosstalk be-
tween multiple sources. It should be noted that this
bend in the array geometry which follows the trace of
NY 13 likely results in traffic traveling between stations
14 – 85 to act as sources in non-stationary phase loca-
tions for stations 1 – 13, and vice versa. While Figure 8b
generated at receiver location 10 appears more in-line
with previous observations of these faster arrivals with
apparent velocities of 4800 m/s, it still suffers from spu-
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Figure 10 Controlled source shot gathers versus virtual source gathers. a) Controlled-source shot gather recorded by 48-
channel seismograph. Channel spacing is 3.05 m, with channel 1 placed roughly at the location of receiver 21 of the Texan
array (see Figure 1b). Green flag indicates the location of shotgun source. The red line below the offset axis indicates aperture
of multichannel array. Black arrow indicates the direct arrival. b) Controlled-source shot gather with source at channel 48.
Black arrow indicates the direct arrival, red line corresponds to a velocity of ~ 600 m/s (|offset|< 30 m), magenta line to a
velocity of ~ 1600 m/s, and blue line to a velocity of ~ 3600 m/s (|offset|> 115 m). c) Virtual source gather at receiver 10. Red
flag indicates the location of the virtual source. The red line belowoffset axis indicates aperture ofmultichannel array relative
to the Texan array. d) Virtual source gather at receiver 52. The green line corresponds to a velocity of ~ 4800 m/s.

rious arrivals that emerge from station 13, again likely
associated with the bend in the geometry of the array.
Figure 8c shows the faster arrivals we have come to ex-
pect, emerging from the location of the virtual source
at receiver 52. While a virtual source 225 m away (Fig-
ure 8d) shows that the coherence of the faster arrivals
decreases substantially.

Finally, to try to better observe the faster arrivals
over a wider aperture, a common-offset stacked virtual

gather was generated (Figure 9). This offset gather is
created by sorting the traces within all virtual source
gathers into common-offset bins of 10 m and stacking
them using a simple normalization of 1/(N+1), where N
is the number of traces in each bin. In the common-
offset stack the faster arrivals are visible to offsets of
over 3 kmwith almost complete continuity. The red line
on Figure 9 follows the zero-crossing of the faster ar-
rival, its speed is measured to be approximate 5070m/s,
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which is higher than previously approximated from sin-
gle virtual source gathers.

5 Discussion
Up to this point we have shown, as others have done
(Behm and Snieder, 2013; Nakata et al., 2011; Behm
et al., 2013), that vehicle traffic can be a rich source for
seismic interferometry. Our results indicate that vir-
tual source gathers obtained via different preprocessing
methodologies (e.g., Figure 5) and different interfero-
metric approaches (e.g., Figures 7 and 8) retrieve a vari-
ety of seismic arrivals with different velocities.
To characterize the arrivals retrieved by SI we use the

small multichannel controlled source line described in
the deployment section (Figure 1c). Figure 10 shows a
comparison between the controlled-source survey and
virtual source gathers obtained with SI. The reader
should be aware that the multichannel survey has a
small aperture (i.e., maximum offset 143 m) compared
to the Texan array (i.e., maximum offset 3800 m), and
this is indicated in Figure 10 a – d by the extent of the
red lines below the offset axes.
The velocities observed for the direct arrival in the

controlled-source shot gathers (Figures 10a and 10b)
change with offset which is indicative of subsurface
stratification (i.e., layering) or, in the continuous case,
a velocity gradient. Since the channel spacing is only
3.05 m, it is reasonable to assume that the velocities ob-
served at short offsets (|offset| < 30m) in Figures 10a and
10b corresponds to direct P-waves travelling in the soil
or unconsolidated layer (vp ~ 600m/s), while at large off-
sets (|offset|> 115 m) the direct arrivals represent a div-
ing P-wave traveling in more consolidated material or
sedimentary rocks (vp ~ 3600 m/s). Refraction analysis
of the controlled-source gathers based on these veloc-
ities and intercept times for the second (t1 = 29.25 ms)
and third layer (t2 = 59.75 ms) shown in Figure 10b re-
sults in thicknesses of 9.5 and 25.5 m for a total depth to
the fast velocity material of approximately 35 m. Con-
sidering that the critical and cross-over distance for a
critical refraction from the deeper interface is approx-
imately 30 m and 75 m, respectively, it would be ex-
tremely unlikely to observe any direct arrivals from the
shallow layers on the Texan array data given the inter-
station spacing used (i.e., 25 m for the denser section).
On the other hand, the faster arrivals extracted from
the SI approach have velocities on the order of 4800 m/s
(Figures 10c and 10d) and are observed at considerably
larger offsets due to the aperture of the Texan array.
Comparing of velocities of the faster arrivals retrieved
via SI and those obtained at the larger offsets in the
multi-channel survey (vp 3600 m/s at |offset|> 115 m),
suggests that the SI processing is retrieving body waves
from the traffic noise. Furthermore, a seismic velocity
model obtained from natural local seismicity near the
city of Ithaca, NY (Suhey et al., 2021) confirms P-wave
velocities of 4.9, 5.4, and 5.9 km/s at depths of 1, 1.5 and
3 km, respectively, which is in good agreement with the
velocities retrieved from SI of approximately 4.8 – 5.0
km/s (Figures 9 and 10). These velocities correspond
to the Devonian and Silurian shales of the Appalachian

Basin sector of New York state, which are penetrated
by more than 100 boreholes within an area of 65 km2

(Tamulonis et al., 2011) that includes this study.
Lastly, it is important to mention that the virtual

sources derived via SI showno clear evidence of arrivals
with hyperbolic moveout (i.e., reflections) which lim-
its our ability to attempt any type of seismic reflection
imaging. Additionally, the surface waves extracted via
SI (e.g., Figures 5 & 6) show very little dispersion, sug-
gesting a fairly homogeneous velocity structure once
below the unconsolidated layer.

6 Conclusions
In this study we retrieve P-waves generated by vehicle
traffic via seismic interferometry as recorded by a lo-
cal dense linear array in upstate New York. The veloci-
ties obtained for the P-waves match those of Devonian
and Silurian shales in upstate New York. The extrac-
tion of bodywaves is accomplished via different prepro-
cessingmethodologies and via different interferometric
approaches as well. Due to the similar ground motion
amplitudes generated by the vehicle traffic over time
simple normalization routines appear sufficient prior to
interferometric processing, while cross-coherence ap-
pears superior to standard cross-correlation when ex-
amining the coherency of the retrieved virtual source
gathers. Interestingly, a bend in the geometry of the ar-
ray appear to generate virtual sources with spurious ar-
rivals, suggesting that perhaps processing arrays with
multiple bends in straight segments might partially al-
leviate this issue in the future.
The results presented here and from previous studies

suggest that vehicle traffic can function as an effective
seismic source under the right conditions and survey
geometries.
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