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Summary 
 
Decomposition of 30 days of continuous DAS acquisition reveals a temperature signature that 
correlates with sunrise and sunset in the sub-1 Hz frequency band. The acquisition surface 
consists of glacier, glacial margin and exposed rock and soil. Characteristic DAS intensities of 
the DAS response to sunrise correlate with on-glacier and off-glacier respectively. We 
speculate that glacial advance and retreat in realtime is detectable using DAS. 
 



Introduction

A recent acquisition program conducted at the Mount Meager glacier in Canada utilizes a Distributed
Acoustic Sensing (DAS) system to monitor this increasingly active volcanic region. Thirty days of
data are acquired to capture seismic characteristics associated with rock falls and other strain events.
Though the capture of high-frequency seismic signatures in the DAS data recorded at Meager were pre-
viously considered (Klaasen et al., submitted 2021), we consider long-period signals here with the goal
to study temperature effects at frequencies below about 1 Hz. This temperature response is interesting
because conventional DAS acquisition based on Rayleigh scattering of laser light within a fibre optic ca-
ble associates the captured laser intensities with strain on the cable (Nakazawa et al., 1981; Rogers and
Handerek, 1992, for example). Some recent examples of strain / DAS measurements include Krawczyk
et al. (2020), who use existing fibre-optic infrastructure at the Etna volcano to monitor seismic and
volcanic activity in the surrounding area; Nishimura et al. (2021) capture DAS signals associated with
volcanic bombs and ash in realtime, and DAS finds use in geothermal modelling because it is a fast /
cheap alternative to 4D-seismic imaging (Mondanos and Coleman, 2019; Raab et al., 2019; Lellouch
et al., 2020). Conventional temperature sensors based on fibre optics exist, but they are based on Raman
scattering (Measures and Abrate, 2002, for example), and so separate temperature and strain systems
are usually deployed to capture both measurements. In this abstract, we use wavelet decomposition of
the DAS data using Mosher (2012) to isolate the sub-1Hz frequency content and its variation in time.
Using the astronomical algorithms summarized in Meeus (1998), we compute sunrise and sunset times
for each of the 380 DAS ’stations’ for all 30 days. We find a good correlation between sunrise and a
sudden intensity variation in the DAS data.

Method

To verify the correlation between daylight with intensity variation in the DAS cable, we calculate the
variation of solar elevation in time relative to the position and local topography for each of the 380
DAS stations. The acquisition layout at Mount Meager is given in Figure 1 as a series of red dots, and
the contours indicate the angle of elevation in degrees between a station (stn 170 / 380) and points in
the surrounding topography. The dashed black-lines indicate the azimuths of sunrise and sunset from
the perspective of stn 170, with 4 and 5 indicating the points where the sun rises over the elevation
(the topographic sunrise and sunset respectively). Figures 1(a) and Figures 1(b) correspond to the first
day of acquisition (September 18, 2019) and the final day (October 17, 2019) respectively; the solar
azimuths change significantly over the 30 days of acquisition and so the topographic sunrise and sunsets
change accordingly. The solar azimuths and elevations are calculated according to Meeus (1998) and
then corrected based on the elevation of each station and the elevations of the surrounding topography.
Figure 2 gives examples of solar elevation and topographic elevation from the perspective of station
170 along the solar azimuth as it varies through the day. Figure 2(a) indicates that the Sept. 18 sunrise
(the solar elevation > 0 degrees) occurs at minute 414 and that the elevation of the local topography is
below 0 degrees so that stn 170 is illuminated at minute 414 (4 on Figure 1(a)). The solar elevation
rises through the morning until about minute 463 where the local topography casts a brief shadow.
Sunset occurs at minute 1150 but the topographic sunset occurs earlier at about 1093 where the sun dips
below the local topography (5 on Figure 1(a)). Sunrise and sunset occur at approximately 430 minutes
and 1100 minutes respectively on the final acquisition day (Oct. 17), but the topographic sunrise and
sunset occur earlier at 520 minutes and 1020 minutes respectively. Our purpose, then, is to compare our
topographic sunrises and sunsets for each station for each day to the DAS data.

Examples

We decompose the DAS data into its constituent frequency bands following Mosher (2012) and here we
concentrate on the < 1 Hz band. Figure 3 give the DAS data associated with September 30, 2019 plus the
corresponding temperature for that day from a nearby weather station. Topographic sunrise (solid line)
and sunset (dashed line) for that day are plotted in Figure 3(a) and we see that there is a good correlation
between sunrise and a strong intensity increase in the DAS data for the region circled in green. The
correlation breaks down somewhat due to what appears to be topographic shadowing as is indicated by
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the red circle; the topographic map that we base our elevations on is quite sparse, and we expect that
the correlation will improve with the adaption of a topographic map from a lidar reconnaissance. Sunset
seems to provoke a weak or perhaps negligible intensity response in the DAS data in Figure 3(a); the
temperature data in Figure 3(b) (from a nearby weather station) indicate that sunrise causes a sudden
rise in the atmospheric temperature that sunset does not.

(a)

(b)

Figure 1 Contour map of elevation angles for station 170 (the "•" symbol) on Sept. 18, 2019 (a) and Oct.
17, 2019 (b). The sun rises along the dashed line in the East above the elevation high-point indicated by
4 , and then it sets at5 along the "· - ·" azimuth.

Conclusions

We find a correlation between a strong intensity increase in DAS data that corresponds to sunrise. The
DAS data were acquired on a glacier atop Mount Meager in Canada and and processed using wavelet
decomposition into a sub 1 Hz data volume. Astronomical algorithms provided solar location and time
relative to each station in the survey for all thirty days of acquisition, and we corrected the corresponding
sunrise and sunset times for the local topography. The good correlation that we find on one set of DAS
stations is partially offset by a more vague correlation for a smaller set of stations that we hope to resolve
through the adaption of a high density lidar survey. With the relationship between sunrise temperature
and DAS intensity established, we will attempt to quantify a temperature / intensity relationship that
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(a)

(b)

Figure 2 Solar elevation (solid line) and topographic elevation (dotted line) in degrees vs. time of day
for station 170. a) Sunrise on Sept. 18, 2019 occurs at minute 414 when the solar elevation is greater
than zero (is above the horizon) with a shadow around minute 463 due to topography nearby (symbol
"4" on Figure 1(a)). Continuous daylight ends at minute 1096 when the sun sets below the topography
(symbol "5" on Figure 1(b)). b) The sun rises above the topography at minute 520 on Oct. 17, 2019
and sets at minute 1020.

might be useful in the separation of diurnal variations in DAS intensity from geologic and geothermally
induced variations.
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