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Rockfalls, rock avalanches, rock slides, landslides?
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Bridging the gaps with a seismic approach

¢ 10010t 10 10°m
naturality ~ MIssing ground truth
uncertainty

unknown parameters

boundary conditions

Laboratory scale Catchment scale Global scale

Jo @
99 o8
> @
@ D
e'e Sal
: -'.;":
5cm »
GFZ
Helmheltz Centre @' HELMHOLTZ

PoTsDAM |.5.ESDC|&T|DN



GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ DGG Annual Meeting 2017

| THE LAUTERBRUNNEN VALLEY | VALIDATION | ANATOMIES | ACTIVITY PATTERNS | TIME LAGS | SUMMARY
(ONONO) (ON®) O0O0O0 ONONONG) OO ONONONG) OO

Bridging the gaps with a seismic approach
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Evaluate the potential and precision of environmental seismology to detect rockfalls

Reveal activity patterns in time and space, and identify triggers of rockfall activity
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Lidar scans as reference for location and volume (22 September - 28 October 2014)
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The seismic signals

Veseis

The challenges
Very noisy environment
Very short-duration and low-intensity signals

Rockfall evolution very heterogeneous and diverse

Precluded options Resulting tasks
“easy and fix" picking routines Step-wise removal of spurious picks
Location algorithms based on first arrival times Signal envelope migration to locate sources
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The seismic signals
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The seismic signals
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The seismic signals
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The seismic signals
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Results - seismic detection and localisation of rockfalls
Lidar-detected rockfall events

0201 0063 0120 0175 0053 0416 0891 0258  2.338  0.192
(0.005) (0.001) (0.009) (0.011) (0.004) (0.021) (0.038) (0.014) (0.085) (0.010)

Seismic-detected rockfall events (60 sec spectrograms, centered at event, 0-90 Hz)
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signal location
other side = 8
out of valley = 19
in AOI = 10

event duration

STA/LTA picking
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LTA =180 s ) Bt max=20s
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off-value =
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signal inspection
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earthquake = 19
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Results - seismic detection and localisation of rockfalls
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Lidar-detected rockfall events
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Seismic-detected rockfall events (60 sec spectrograms, centered at event, 0-90 Hz)
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Seismic insights to rockfall evolutions - Example I
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Seismic insights to rockfall evolutions - Example I
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Seismic insights to rockfall evolutions - Example II
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Seismic insights to rockfall evolutions - Example II
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Spatial patterns of rockfall activity

2014 (August-October) 2015 (March-June)

2.64 events/month/km? 5.01 events/month/km?

0 2 4 6 8 10
Cumulative probability

GFZ

Helnholtz Centre @"' HELMHOLTZ
PorTsoDam |&550CIATIGN




INTRODUCTION | THE LAUTERBRUNNEN VALLEY | VALIDATION | ANATOMIES |

000 0000

1600

1400

First impact location
I Free fall distance

Subsequent avalanche estimate

° Location above or at top of cliff
o Location along cliff face
° Location at or near talus slope

A-C Rockfall type
---- Least squaresfit, + 1 ¢

Elevation (m asl.)
12|00

-
-
-—
-
-
-
-—
=
-—
-—
-—
-
=
-
-

1000

@)

_ B B
A B Bﬁ ~~~~~~~~ A \
C
I I I
Aug Sep Oct
2014

GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ DGG Annual Meeting 2017

| TIME LAGS | SUMMARY
ONONONG) OO

Linking time and space - rockfall activity altitude shifts with the season

Seasonal trend
33 m per month downward shift

in rockfall activity
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Linking time and space - rockfall activity altitude shifts with the season

Seasonal trend

S C First impact location
= I Free fall distance 33 m per month downward shift
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3 e Location along cliff face
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Time lags and driving forces
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Earthquakes

Freeze-thaw action
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Time lags and driving forces - Monte Carlo-based lag time density estimates
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Time lags and driving forces - Monte Carlo-based lag time density estimates
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Time lags and driving forces - Monte Carlo-based lag time density estimates
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Time lags and driving forces - The daily cycle

Rockfalls by hour of the day
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Time lags and driving forces - The daily cycle
Rockfalls by hour of the day
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Time lags and driving forces - The daily cycle

Rockfalls by hour of the day
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SEISMOLOGY MODELLING FRAMEWORK MANAGEMENT

Seismic monitoring detects and locates well below 1 m3 with about 81 m uncertainty

Precise insight to dynamics of individual events provides essential data ijor other disciplines
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