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MOTIVATION RELATIVE VELOCITY CHANGES YES, WE CAN APPROXIMATE IT
le2°N  Shallow soil is affected by environmental The Cross Correlation Functions are calculated for all 3 stations and 9 channel pairs The goal of this study is to track water content changes through changes in seismic
1 58°N influences like temperature, rainfall or in Vertical-Radial-Transverse-components. To perform Seismic Interferometry, a velocity. Assuming seismic velocity is directly influenced by temperature and
>4°N drought, which in turn changes the stable noise field with high signal-to-noise ratio and high waveform coherence is groundwater content, temperature effects are eliminated from seismic velocity
seismic velocity in the subsurface. needed. This is the case for 1 - 6 Hz. 3 changes using a linear regression. Freezing events are excluded since they alter the
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To monitor velocity changes in the subsurface Relative seismic velocity changes — . 500 £ >, seismic velocity due to the stiff frozen layer.
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Urban activity produces strong Spectrogram 16. - 29. of March 2020 -» Freezing in winter increases  Temperature at the surface and volumetric water = | =
signals > 1 Hz. velocity by up to 1.5 % (see  content measured in 5 cm depth OE 01, | -400%
Noise with frequencies < 1 Hz ';F:' Steinmann et al., 2021) with relative velocity changes of surface waves. = | %
is produced by oceanic and > Subs —1'q W 1500
meteorological noise sources. g_ HYSTERESIS EFFECT regression Seismic veloc1ty change without temperature eﬁects and measured
E CWC and T. at cumulative water content.
Spectrogram for two weeks gk Rl SR e Wetting Volumetric water con.ten.t (vwc) .in 5cm 5 cm depth. .- o -—1OOH
showing a decrease in C Fri. Sun. Tue. Thu. Drying depth and relative seismic velocity < q " g
noise for high frequencies for B Winter 2019 | changes show a hysteresis effect for > 0 | i o
weekends and nights. —200 —150 drying and wetting periods. Laboratory = \;L /\M =
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studies found similar hystersis effect v
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Seismic velocity change and cumulative water content both
without temperature effects.

accounted for.

-}There is a possible hystersis effect
between very shallow volumetric
water content and seismic

The Cross Correlation Functions (CCF) are calculated for all 3 station and 9 channel

pairs in Vertical(Z)-Radial-Transverse-components. To perform Seismic -’After removing temperature effects using a simple linear regression,

the residual seismic velocity changes approximate the residual water
content. Since temperature has to be eliminated from in-situ

Interferometry, a stable noise field (= high Wave-Form-Coherency(WFC) ) with high

Relative velocity change [%]

signal-to-noise ratio (SNR) is needed.

SNR averaged over all station-pairs . . . velocity. However, this result -
Average CCFs . : measurements of water content, there has to be an additional
o could be explained by influence of _
14 90 vwc at 5 cm [%] temperature relation between temperature and water content.
< 12 Seismic velocity change vs. volumetric water content in 5 cm
=10 80 depth. Colors show wetting and drying period and some outliers CONCLUSION & OUTLOOK
c 8 oM which would belong to a wetting period in winter 2019.
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o or ® Groundwater in shallow soil can be approximated by measuring relative seismic
- g 7 60- RELATION TEMPERATURE & WATER CONTENT velocity changes and eliminating temperature effects.
0 P AP s S — 4z R-R ® Seismic velocity in loose soil is not only directly related to temperature but there is
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) 50 Z-R T-T Temperature and seismic L . :
Time Lag [s] X - . a more complex relation including interaction of water and temperature.
S eem— T 3 — linean r=0.89 velocity show a positive
' 40 S R N N N o y : : : ® Potential to monitor climate induced changes in urban areas using (already
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CC Frequency [Hz] = oeriod of nearly stable rnstalled) g.eo.phones and seismometers or new technologies like fiber-optic cables
WEFC averaged over station SNR for direct Rayleigh (solid) and %’ cumulative water content in in Smart City infrastructure.
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