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continuous seismograms with machine 
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Monitoring the near subsurface with seismology in 
an urban environment

Air

temperature 
and water 
content sensors

Ground

seismic 
station
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Unsupervised learning reveals seismic signature of 
centimeter thick ground frost
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● dv/v tracks freezing 
and thawing on 
centimeter scale
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Unsupervised learning reveals seismic signature of 
centimeter thick ground frost
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● dv/v tracks freezing 
and thawing on 
centimeter scale

● pattern during 
ground frost in 
seismograms
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centimeter thick ground frost
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● dv/v tracks freezing 
and thawing on 
centimeter scale

● pattern during 
ground frost in 
seismograms

20

0

20
T 

[°
C]

air 5 cm

0

1

no
rm

. c
um

.
de

te
ct

io
n other clusters frost cluster

100

101

f [
Hz

]

Jan-09 Jan-19 Jan-29 Feb-08 Feb-18 Feb-28 Mar-10 Mar-20 Mar-30
date in 2018

100

101

f [
Hz

]

0
1

dv
/v

 [%
]

4.4

4.2

4.0

am
pl

itu
de

 [d
B]

20

0

20
T 

[°
C]

air 5 cm

0

1

no
rm

. c
um

.
de

te
ct

io
n other clusters frost cluster

100

101

f [
Hz

]

Jan-09 Jan-19 Jan-29 Feb-08 Feb-18 Feb-28 Mar-10 Mar-20 Mar-30
date in 2018

100

101

f [
Hz

]

0
1

dv
/v

 [%
]

4.4

4.2

4.0

am
pl

itu
de

 [d
B]



6

Unsupervised learning reveals seismic signature of 
centimeter thick ground frost
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● dv/v tracks freezing 
and thawing on 
centimeter scale

● pattern during 
ground frost in 
seismograms

● decrease of 
amplitude and H/V 
due to ground frost
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What are the implications?

1.Leverage the potential of 3C-Seismometers for 
permafrost monitoring with machine learning

2.How does a surface freezing effect surface wave 
modes? → interpretation of dv/v more complicated?

Want to chat about it in-person or 
virtually?

rene.steinmann@univ-grenoble-alpes.fr
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