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ABSTRACT: This study compares and analyzes four seismic interferometry methods to extract empirical Green’s functions of surface waves
from traffic noise generated by vehicles traveling on roads. The cross-correlation, deconvolution, and cross-coherency methods were evaluated
using synthetic seismic records and field data. All methods effectively extracted surface waves from short-duration seismic records.
Pre-whitened cross-correlation and cross-coherency methods provided clearer empirical Green's functions than raw cross-correlation. The
deconvolution method exhibited non-physical crosstalk relatively. Dispersion analysis confirmed the fundamental and higher modes of surface
waves above 10 Hz, corresponding to shear wave velocities of 400 m/s and 700 nv/s in the numerical model. Field experiments showed consistent
phase velocities in the range of 200 - 300 m/s, reflecting the shear wave velocity of the surficial layers in the study area. The findings confirm
that seismic interferometry using traffic noise is effective for determining the shear wave velocity structure of shallow subsurface layers.
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Fig. 1. Illustration of seismic wave propagation and detection. Moving vehicles act as sources inducing seismic waves on a surface,

and a geophone array detects the corresponding waves.
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Fig. 2. Traffic noise simulation model. (a) Geophone layout denoted with triangles and subsurface shear-wave velocity model,
of which left, right, and bottom margins are graphically tapered to represent absorbing boundary conditions for numerical computa-
tions; (b) An example of synthetic seismograms in which the seismic energy generated at the source indicated by the star in the
figure above is recorded using a geophone array; (c) Delay times of random seismic sources induced by vehicles moving with

different speeds in opposite directions.
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Fig. 3. Seismic records from traffic simulation. Seismic sec-
tions over time and distance are the result of stacking seismic
waveforms recorded by the geophone array for each source,
reflecting its delay time shown in Fig. 2¢. The interval between
dashed lines in (a) indicates a segment selected to perform seis-
mic interferometry, which is shown as an enlarged section in (b).
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Fig. 4. Comparison of seismic interferometries. (Left) Raw cross-correlation, pre-whitened cross-correlation, deconvolution, and
cross-coherency interferograms from the top to the bottom; (Right) Corresponding phase velocity dispersion image overlain with
theoretical dispersion curves. Solid and dash-dotted lines show the fundamental and first higher modes for a 10-m thick layer
and half-space, respectively; dashed and dotted lines show those for a 15-m thick layer and half-space, respectively.
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Fig. 5. Effect of Gaussian noise on seismic section to mimic the heterogeneous road traffic condition. (Top) Gaussian noise dis-
tributions with different standard deviations (0 = 0.2, 0.5, 1.0) and a constant mean (1 = 1); (Bottom) Corresponding seismic
section showing the impact of increasing noise levels on wave propagation.
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in Fig. 4.
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Fig. 9. Deployment of a geophone array for the field experiment. An aerial view shows the linear arrangement of geophones denoted
with red dots spanning about 40 m along a roadway for traffic-induced seismic noise monitoring.
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Fig. 11. Results of seismic interferometry from the field experiment. Details on each subfigure are as shown in Fig. 4 without

theoretical dispersion curves.
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