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Research Priorities: New Data Sources
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Distributed Acoustic Sensing (DAS): Nanosecond laser pulses are emitted at tens of kHz repeat rate into
a fiber-optic cable, and back-scattered returns are detected. Changes in return time due to strain in the
cable, typically averaged over 10 meters of cable length, caused by passing seismic waves, are measured
to give a high-resolution of ground strain as sensed by the cable.
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Examples of DAS data - local microearthquake
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Examples of DAS data - regional earthquake
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Lindsey et al. (GRL, 2017)

Stanford DAS array 
observation of the 13 

September 2016 Pawnee, 
OK, M 5.8 earthquake 

plotted with a horizontal 
component recording 
from nearby NCSN 

broadband station JRSC
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Figure 5. (a) Stanford DAS array observation of the 13 September 2016
Pawnee, OK, M5.8 earthquake shows 290 linearly continuous DAS channels
(1 channel/8 m of fiber-optic cable; red/blue colorscale) plotted with one
horizontal component recording from the nearest Northern California
Seismic Network broadband seismometer at Jasper Ridge (JRSC; black
trace). The horizontal JRSC component shown is aligned with DAS channels
50–100 and 245–270 but is orthogonal or oblique to other channels.
(b) DAS spectrogram computed for a stack of 10 channels (plotted
as using the logarithm of the short-term Fourier transform). Comparison
spectrograms for JRSC are shown for (c) the horizontal component plotted
in Figure 5a and (d) the vertical component. Both DAS and JRSC instruments
register a P arrival and respond strongly to surface waves <0.5 Hz. JRSC
responds more clearly to the S arrival than the DAS array.

of the image. Figure 2b compares the normalized Fourier amplitude spec-
tra for a 4 min window of DAS data around the event and the background
noise level recorded during a 4 min window without an earthquake.
Figure 2c shows the equivalent Fourier amplitude spectra for a horizontal
component of the colocated seismometer. For the DAS instrument, signal
amplitude in the 0.5–2 Hz band rises approximately 1 order of magni-
tude above the noise. At frequencies lower than 1 Hz and higher than
10 Hz, the sensitivity of the DAS measurement falls off more steeply than
the inertial sensor but is still above the noise level. The stacked DAS data
show a modest gain in signal-to-noise ratio above the single DAS channel
measurement, particularly at longer periods where the incident seismic
wavelengths are more coherent.

Figure 3 compares DAS and inertial seismometer waveform records for
the 26 August 2016 M3.8 Alaska Range earthquake. For this earthquake
backazimuth (200∘SSW), the two trenched fiber directions, NNE and ESE,
approximately decompose into radial and transverse ground motion ori-
entations. To compute a seismometer-equivalent ground motion using
the DAS records, we applied a median stack to 20 fiber sensing points (one
channel per meter) in each of the two fiber directions centered on the iner-
tial seismometer location, prior to applying the bandpass filter described
above. The DAS stacked traces were then normalized to the peak ampli-
tude of the seismometer data by component—equivalent to applying a
uniform sensor gain with a factor of approximately 5.

We find nearly equivalent estimates of main body wave arrival times,
peak ground acceleration values, and coda shape between DAS and seis-
mometer; however, there are important differences. P wave phases are not
recorded with the same fidelity as S wave and surface wave phases, and
many other phase arrivals are not recorded by the DAS as well as the iner-
tial instrument. The dominant factor may be that DAS measurements on
horizontal fibers have minimum (theoretically zero) sensitivity to vertically
incident P wave energy and fall off steeply with azimuth when compared
with traditional seismometer component sensitivity (Kuvshinov, 2015).
Soil coupling differences likely also play a role. The way a well-coupled
inertial seismometer responds to ground motion is well characterized,
but how that ground motion strains a shallowly buried fiber-optic cable
and how the strain on the outer cable jacket couples into the actual
strain imposed on the fiber-optic sensor inside the cable package is less
understood. Despite these considerations, our observations suggest that
the information required for earthquake detection and hypocenter relo-
cation, traveltime tomography, phase velocity studies, and many other
flavors of seismology could use inexpensive DAS just as well as an inertial
type sensor to study this particular event in the frequency range shown
(0.8–1.6 Hz).

3. Beamforming With DAS: Richmond, CA

The availability of a single-instrument array measurement with DAS, as
opposed to a single-point inertial sensor, introduces the opportunity to

record information about the propagation backazimuth and slowness (1/apparent velocity) of the seismic
wavefield. Figure 4 showcases this concept using a small DAS array that was installed in 2014 at the Richmond
Field Station (RFS) in Northern California. As outlined in Figure 1b, fiber-optic cables at Richmond Field Sta-
tion were directly buried at 0.5 m depth in an L-shaped horizontal trench measuring approximate 100 m on a
side (Dou et al., 2017). The trench was backfilled with the excavated soil using hand tools. A Silixa iDAS instru-
ment with a 10 m gauge length and 1 m channel spacing was used to make continuous DAS measurements
at a 1,000 Hz sampling rate.
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Examples of DAS data - regional, teleseismic, local
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(Marra et al., Science, 2018)



Example of most fiber-connected cities in the US
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NY is #1

LA is #2


