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A textbook collection of geomorphic processes

Uplift = Erosion. ..
1 but how?

&Q ¢ R  Taroko Gorge, Taiwan
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Processes that happen
distributed in space,
stochastic/episodic in time,
over orders of magnitude

intrinsically coupled & interacting
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Sensor systems that
take point-like measurements
(or) yield time-discrete information
usually deliver dedicated metrics

Sit In harms way
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SO...

Processes that happen

distributed in space,

stochastic/episodic in time,

over orders of magnitude

ROUND | ATMOSPHERE KLl

Sensor systems that
take point-like measurements
(or) yield time-discrete information

usually deliver dedicated metrics

intrinsically coupled & interacting sit in harms way

Hence: complement existing approaches by instruments that can provide
distibuted, continuous, multi-purpose data — seismo-acoustic networks

And: models that allow for inversion of data for target processes

Model, here: set of physically based equations that relate

a measurable metric to underlying sources/causes
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Orkney, Scotland Taroko-NP, Taiwan
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The seismogram (time series of ground motion velocity)
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A seismogram of a stormy day at the Baltic Sea coast, Kreidefelsen Rugen, Germany
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The reaction of rock to stress
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The reaction of rock to stress

.
N(t), normalised
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The action of gravity... Example A: large volume mass wasting events

&Q d R www.meinbezirk.at/landeck/c-lokales/

Fluchthorn, AT
11.06.23
15:05:17
144 s
10 m?3 rock
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The action of gravity... Example A: large volume mass wasting events

mass = 660,000,000 kg
runout length = 1.87 km
(target length = 1.9 km)

North distance (km)
&
',
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East distance (km)
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72 (1 + ep)*m*u*f?

PSD(f, ro, €, D) — R:’mpactW

232
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&Q‘,Q Farin et al. (2019b, ESPL)

saltating

Nfz IjEZX(rDr f)

Webcam WSL, CH




ROD O D A A D D RO D A OSP = RWTI-I

The action of gravity... Processes in between
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The action of gravity... Processes in between

10 . . . .
Dammeier et al., 2011 +26
Model "

107F 77T Standard deviation P A
V=exp (4.3 Mo- 1.4)

R*=0.71 s

0 2 4 6 5|
Eklkgm®s™@ x10* |

A Antelao rockslide (this study)

e X Deparis et al., 2008
L4 < Belvedere ice avalanche
- WV San Leo rockfall
-+ Crammont rock avalanche

O Brenva rock-ice avalanche

P> Val Pola rock avalanche
L 1 1 1 1

1.5 23 3.5 4.5

"Only" correlative understanding

&Q “/(R Hibert et al. (2017, ESurf) Manconi et al. (2016, GRL) 20
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The consequences of flowing water (2021)

The causes The consequences The seismic imprints (0.5-10 Hz, 1 h duration)

&Q\‘J@ Sugar et al. (2021, Science); Cook et al. (2021, Science); Dietze & Ozturk (2021, Science), Dietze et al. (2022, GRL) 21



Water moving sediment, probing the hidden dynamics
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Water moving sediment, probing the hidden dynamics

Matthews et

(2022,

EGU Sphere)

RO D A OSP D I‘WIH

Seismic power due to

river turbulence

kW ( Pu )2(1+¢)2.

Pl (f) = Y (H/k,)
't WP\ £ 254

Wﬂ(f) . ¢D(f) . f4/3+5:$ . g7/3 Sin(9)7/3 ; C2H7/3

Seismic power due to debris

wnpachngthelwverbed

23 2 2
PfiD) L LT x(f)

u(f,x) =2mif F(f, xo)G(f, X; Xo)

Gimbert et al. (2014) Tsai et al.

(2012)
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a hydrological extreme that triggered
a geomorphic crisis, which implemen-

ted most of the damage.

i _ R/ : o e :
Q d R Aerial image, Ahrweiler, Germany (DLR, 2021) Dietze & Ozturk (2021, Science)
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Water moving sediment debris, an example from the Ahr Valley (2021)
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All excellent and fine? Unsolved issues with the approach

Particles & obstacles Process

Wave representation Ground architecture

&Q “/{R Dietze et al. (2022, GRL)

ROUND | ATMOSPHERE KAWL

Shortcomings & Unknowns

la) Models operate with parametric
(unimodal) grain size distribution

1b) Bed and mobile fraction are treated
identical in models

1c) Obstacles change hydraulic geo-
metry (Nativ et al., 2025)

2) Modes of bedload transport based
on saltation, only (n.b. Gimbert
et al. (2018) modify towards other
processes)

3) Depth-dependent attenuation of
Rayleigh wave particle motion not
not accounted for (see rain model)

4) Very simplistic, time-invariant ground
property representation (Greens
function)

26
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Why carrying on?

Look below ice & into karst systems Catchment-wide process propagation Beyond-continent fluxes of mass & carbon

0
1 B OBES55
= Pulse 104 I‘Jl._ll':'-l-"_" 1 ':-I't-
2 km
o No bedload
10% - 10% kg
10 - 10° kg

® 10°- 5x10° kg
» — AdN main course | ® 9x10°-10°kg
- -- Tributaries ® > 10°kg

PN Y

Quantify biogeomorphic effects

50 58 66 74 a2 20 8 106

E 114

e,

&

E Pulse 104 Pulse 10C

=1

B — "

&L 50 58 66 74 82 90 98 106 114
Time (hours)
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Water below our feet

Precipitation

&Q d R Www.blogs.egu.eu/network/water-underground/2015/07

28




Water below our feet
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\&Q". R Www.blogs.egu.eu/network/water-underground/2015/07, Clements & Denolle (2023, JGR SE)
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Water below our feet

i

Ah(t) = Z Ee(-“(f-ff)) GW discharge

i=0
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3(1 o vy)
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\&Q d R Www.blogs.egu.eu/network/water-underground/2015/07, Clements & Denolle (2023, JGR SE), Illien et al. (2022) 30
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Water below our feet - concepts of piston flow, fill-and-spill, leaky buckets
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But: no model
And: simplified
approaches
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Alr pressure systems ... and wind effects
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Wind interacting with the biosphere in Patagonia
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Wind interacting with the biosphere in Patagonia
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Precipitation interacting with the surface
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Precipitation interacting with the surface
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So... Where are we?

On track:
Rivers and sediment flux
Debris flows
Alr pressure and wind

Precipitation

Pending:
Stress expression
Small-medium mass wasting

Groundwater & Critical Zone
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S0... Where are we? And why again is this important?

Emerging Fields in the Geosciences
Discovery - Diagnosis - Solutions

Strategic report on
Research agenda
In geosciences (in
Germany)

2.1

2.2

2.3

2.4

3.1

3.2

33

34

Evolution of a Habitable Planet

The Internal Dynamics of the Earth and OtherPlanets ....................................ccccooiiiiiiii 6
The Co-evolution of Earth and Life..................cc.ooiiiiii e 10
Biodiversityinthe Earth System ... .. 14
From the Terrestrial to the Extraterrestrial Cryosphere. ... .. i, 18
Volcanism and Magima SYStemMIS ... ... i e e 22
A National Geosphere Observatory ..ot e 26
Diagnosis and Simulation of the Earth System and its Interactions

INFOBOX: Environmental seismology ................oo 28
The Earth Crust SYstem .. e 29
INFOBOX: Complex SYStemMIS ... ... e 32
Dynamics of the Earth's SUrface ... e e 33
Invisible Water in the Earth System ... 37
Artificial Intelligence, Big Data, and Numerical Simulations in the Geosciences...........................................: Zy|
A network of Earth Surface Observatories to monitor interacting processes ... 45
Providing Solutions and Courses of Action

Mineral Resources in the Earth System . ... 47
Natural Hydrogen - a Building Block for Our Energy SUpply? ... 51
INFOBOX: Nature-based solutions for climate change mitigation

and adaptation and conservation of biodiversity................ 54
Learning from Nature - New Geo-inspired Materials and Processes .............................cccooiiiiiiiiiiiiiiinnis 55
Urban Geosciences for Sustainable City Development ... 59
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S0... Where are we? And why again is this important?

1. Evolution of a Habitable Planet

Emerging Fields in the Geosciences 1.1 The Internal Dynamics of the Earth and Other Planets ... ... 6
Discovery - Diagnosis - Solutions 1.2 The Co-evolution of Earthand Life...................c..oiiii e 10
1.3 Biodiversityinthe Earth System ... 14
1.4 From the Terrestrial to the Extraterrestrial Cryosphere. ... .., 18
1.5 Volcanism and Magma SYStemMIS ... ... i e e 22
A National Geosphere Observatory ..ot e 26
2.| Diagnosis and Simulation of the Earth System and its Interactions
INFOBOX: Environmental seismology ... 28
2.1 The Earth Crust SYStemM ... e 29
INFOBOX: Complex SYStemMIS ... ... e 32
2.2 Dynamics of the Earth's SUMface .. ... . e 33
2.3 Invisible Water inthe Earth System ... . e 37
2.4 Artificial Intelligence, Big Data, and Numerical Simulations in the Geosciences...............................coo.. Zy|
A network of Earth Surface Observatories to monitor interacting processes ... 45

Diagnosis and Simulation of the Earth System and its Interactions

INFOBOX: Environmental seismology ...,

3.3 Learning rrom Nature — New Ueo=INspIread iateriais and FTOCESSES . ... oo aaiiaaraaaes 22

3.4 Urban Geosciences for Sustainable City Development..................._.......... ... 59
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Next steps Thanks!

SHAKING
BOUNDARIES

Environmental seismology
across disciplines and
methods

Emerging Fields in the Geosciences
Discovery - Diagnosis - Solutions

Jun 9-11, 2026
GEOMAR - Standort Ostufer / GEOMAR - East Shore

Aot w .
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