GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

INTRODUCTION | THE LAUTERBRUNNEN VALLEY | APPROACHES | SEISMIC SIGNALS | ROCKFALL DYNAMICS
OO0OO000O0 ONONG®, (ONO) (ONONONG, ONONONONONONG)

Approaching a more Complete Picture of Rockfall Activity
Seismic and LiDAR Detection, Location and Volume Estimates

Michael Dietze', Solmaz Mohadjer’, Jens Turowski’, Todd Ehlers’, Niels Hovius'

1 - GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology
2 - University of Tlbingen, Department of Geology and Geodynamics

GFZ

Helnholtz Centre /4'" HELMHOLTZ
PorTsoDam |ASSDCI.€LTI{!N




GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

| THE LAUTERBRUNNEN VALLEY | APPROACHES | SEISMIC SIGNALS | ROCKFALL DYNAMICS
@0 0000 000 o)e 0000 0000000

At which scales can we care about rockfalls? o
naturality ~ MIssing ground truth

scale :
unknown parameters uncertainty

boundary conditions

GFZ

Helnholtz Centre /4'" HELMHOLTZ
PorTsoDam |ﬂ5‘_-.‘E:IE:IhT|ﬂN




GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

| THE LAUTERBRUNNEN VALLEY
@@ 0000 000

| APPROACHES

OO

SEISMIC SIGNALS

ONONONG,

At which scales can we care about rockfalls?

scale

unknown parameters

Laboratory scale

d
(a) — — (b)
impactor @ «— Screw
i -
Sensors Q N/
H -
J @@
] 9 U
I, I'._ '.__ 1 ; i I.'I I.I 2 u
R S S # , 0
L . elasti v .

1000 + first impact (d)
0 i expojentiaidecrease
—1 000 i | i | L |
0 0.002 0.004 0.006
t(s)
0.015F (h)
0.010F
0.005 F
ok - 2/
0 50 100
f (Hz)

inverted mass (kg)

ROCKFALL DYNAMICS
0000000

1077 — |
2k 5
10 e e
107 F
VY
10“5 r My, = M
7 A | R Miny = 2m
%L Miny = MI2
106L 7 L M=
107° 107 =

boundary conditions

10°m

naturality ~ MIssing ground truth
uncertainty

real mass (kg)

GFZ

Helmholtz Centre
PorTsoDam

Farin et al. (2015)

@' HELMHOLTZ

|.&.5‘3EIEIATIDN



GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

00000

THE LAUTERBRUNNEN VALLEY

ONONONG,

At which scales can we care about rockfalls?

10°

unknown parameters

APPROACHES | SEISMIC SIGNALS

| ROCKFALL DYNAMICS
0000000

10° 10°m

naturality ~ MIssing ground truth

“One foot out of the laboratory”-scale

boundary conditions

5805740

uncertainty

Localisation stone drops

L L SR e 0y a

= N T ——
2 z /A0 L 2 Seismic station
. SRS + ' x Impact location
Station B E o . Seismic estimate
Lf, EE 8 e R RN T A 5
g t % N A -'._: ..'.1 .L'. \ \ Ii|_.' \ ., ‘.‘\_ \“ \
Station C el3 AL AN RV
o . o § \ ..'l“\l',l:.:", A
Station A - 20 NAT R AR
i 0O 20 40 60 80 778080 778100 778120 778140 778160 778180 778200
f (Hz) Easting (m)
Helmholiz Centre . @' HELMHOLTZ

PorTsopaAam

|ASSDEIANDN



GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

| THE LAUTERBRUNNEN VALLEY | APPROACHES | SEISMIC SIGNALS | ROCKFALL DYNAMICS
Q00 00O O0O (ON®) O0O0O0 ONONONONONONGO)

At which scales can we care about rockfalls? '
naturality ~ MIssing ground truth

" ncertain
unknown parameters o ngary conditions NcertRINty

Slope scale

i _.,_%._H;p»..,..#.hh ||L""-1Mr-~ﬁ" e

Velocity (m/s)

Time (s)

GFZ

Helnholtz Centre /4'" HELMHOLTZ
PorTsoDam |&550CI.€LTI{!N




GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

| THE LAUTERBRUNNEN VALLEY | APPROACHES | SEISMIC SIGNALS | ROCKFALL DYNAMICS
@0 0000 000 o)e 0000 0000000

At which scales can we care about rockfalls? o
naturality ~ MIssing ground truth

" ncertain
unknown parameters o ngary conditions NcertaINty

Catchment scale

GFZ Burtin et al. (2014)

Helnholtz Centre @' HELMHOLTZ
PorTsoDam |AESDCIATIDN



GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

| THE LAUTERBRUNNEN VALLEY | APPROACHES | SEISMIC SIGNALS | ROCKFALL DYNAMICS
e00000 000 o)e 0000 0000000

At which scales can we care about rockfalls? o
naturality ~ MIssing ground truth

" ncertain
unknown parameters o ngary conditions NcertaINty

Global scale

sl 5.00
Os.
-
£ e
cC 54 oot
o X'
@© S 0.50
Esz2 =
2 P
gs.u o 0.10
0.05t
Q =
4.8 .
g | w =54+04510g, [F, ] i
- 0.01F "
' 0.05 0.10 050 1.00 500 D.05 0.10 0.50 1.00 5.00
Maximum force (10" N) Maximum force (10" N)
GFZ Ekstrom & Stark (2013)
Helmholtz Centre @"' HELMHOLTZ

PorTsopaAam |ﬂ5‘_-.‘EIE:IATI13N



GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> Environmental Seismology @ EGU 2016

| THE LAUTERBRUNNEN VALLEY | APPROACHES | SEISMIC SIGNALS | ROCKFALL DYNAMICS
00000 OO0O0 ONO) OO0O0O0 OO0O0O00O0O0
At which scales can we care about rockfalls? 3
3 4 10° 10°m
naturality missing ground truth

unknown parameters uncertainty

houndary conditions

Covering (almost) catchment scale but maintain high-resolution independent confirmation data

Testing applicability of seismic monitoring in cliff landscapes (rather than slopes)

Analyse individual and global temporal and spatial patterns of rockfall dynamics
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LiDAR scans provide location and volume data
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GFZ Scan compilation (February 2012 to July 2013) by Strunden et al. (2014)
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