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We need more models!
How geomorphology in seismic models leverages
our understanding of landscape dynamics

Michael Dietze
RWTH Aachen
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A kaleidoscope of seismic signals as spectrograms of episodes of Earth surface activity
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A textbook collection of geomorphic processes

weathering mass wasting rivers & water
frost rockfall et al. river flow
thermal landslide et al. bedload
salt dry granular turbudity current
clay expansion debris flow overland flow
debutressing creep & slide groundwater
chemical avalanches suspension
biological rock glaciers karst

ROUND ATMO

atmosphere
alr pressure
wind action
rainfall

hall & snow

saltation, repat.

glacial
cracking
deformation
calving

subglacial flow
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A textbook collection of geomorphic processes

weathering mass wasting rivers & water atmosphere glacial
frost rockfall et al. river flow air pressure cracking
thermal landslide et al. bedload wind action deformation
e -l dry granular  turbudity current rainfall calving
C on debris flow overland flow " [I>bwéasfDW subglacial flo
_CoweS[Ng _CIome-&eST0C groundwater  sglCzwessITDat.

“SheweT avalanches  wesSn
_Diwlewiq rock glaciers — _Swewst_

What do we know?
Can we model physically?
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The action of frost on rock

28 h
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Arctic and Alpine Research, Vol. 18, No. 1, 1986, pp. 27-32

THE PHYSICAL BASIS OF FROST WEATHERING: TOWARD A MORE
FUNDAMENTAL AND UNIFIED PERSPECTIVE

JosepH S. WALDER AND BERNARD HALLET
Quaternary Research Center and Department of Geological Sciences
University of Washington, Seattle, Washington 98195, U.S.A.

&Q\g@ A random website.. | Walder & Hallet (1986)!!! | Wang et al. (2021) | kespilotgeography.blogspot.com 5



The action of frost on rock
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The action of frost on rock
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But: no model
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Or the other way around: the reaction of rock to stress

Frequency (Hz)

33 34
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Or the other way around: the reaction of rock to stress
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But: no model
&Q */{R Lagarde et al. (2023, NatComm) Li et al. (2024, ConstrBuildMat)
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The action of gravity... Example A: large volume mass wasting events

&Q J J www.meinbezirk.at/landeck/c-1lokales/

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

Time-force vector, i.e.:
- How much mass

- Along which trajectory
- With which velocity
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The action of gravity... Example B: debris flow-like granular systems
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The action of gravity... Processes in between
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The action of gravity... Processes in between
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The consequences of flowing water (2021)

The causes The consequences The seismic imprints (0.5-10 Hz, 2 vs. 1 h duration)

© O.H.Shugar etal | AAAS

4

&Q\‘J\Q Sugar et al. (2021, Science); Cook et al. (2021, Science); Dietze & Ozturk (2021, Science), Dietze et al. (2022, GRL) 15
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Water moving sediment, probing the hidden dynamics
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Water moving sediment, probing the hidden dynamics

Matthews et al.

(2022, EGU Sphere)
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Seismic power due to

river turbulence
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Water moving sediment, probing the hidden dynamics
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All excellent and fine? Unsolved issues with the approach

Particles & obstacles Process
Wave representation Ground architecture
16y ML

ROUND | ATMOSPHERE NI

Shortcomings & Unknowns

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

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

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

2) Modes of bed/oad transport based
on saltation, only (n.b. Gimbert
et al. (2018) modify towards other
processes to some extent)

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)

21



Why carrying on?

Look below ice & at episodic events

" — AdN main course

--- Tributaries

Catchment-wide process propagation

2 km

o No bedload
10° - 10% kg
10% - 105 kg

® 10%- 5x10% kg

® 5x10% - 106 kg

@® > 10°kg

fa\

Quantify biogeomorphic effects

Antoniazza et al.

(2023, JGR), Dietze et al.
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Baker et al. (2024, GRL) 22
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Water below our feet

&Q d R Www.blogs.egu.eu/network/water-underground/2015/07
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Water below our feet
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Water below our feet
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Water below our feet ... but not as deep as groundwater

Post-fire landscape evolution - insights from passive seismic monitoring of atmosphere-
weathering zone coupling at the Quesenbank succession site, Harz mountains, Germany
UNIVERSITAT Michael Dietze®??, Laura Rossana Fracica Gonzalez'?, Elisabeth Dietze?

GéTTlNGEN 1. Institute of Geography, Georg-August-University Gotlingen, Gattingen, Germany: 2. Helmholtz Center, German Research Center for Geosciences GFZ, Polsdam, Germany,
3. RWTH Aachen University, Aachen, Germarny

Introduction

The Quesenbank site is a headwater
catchment in Harz National Park,
severely affected by a forest fire in
August 2022, The event disrupted the
area's hydrological and ecological
balance, with most bark beetle-killed
trees burned or weakened, leading to
{ widespread collapse shortly after.
‘Mhile typical post-fire effects like
~<ed runoff and 50il

‘~ity were expected, initial

N waaled onlv  weak

Figure 1. Quesenbank headwater catch-
area, severelly affected by forest fire,

The research questions of | POSte rs by

observed through a seismic :

environment?

ELW\T:::‘ Ca;f:s;inr:;:regimlf}: M O N O 8 2 & M O N O 8 3 Jlle, 2023; Dietze et al., 2020) -
Data collection

3) How can environmental seismology add insights into the subsurface
water dynamics in this area?
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Figure 2. Diagrams explaining the concept of obtaining dviv. Source: (Larose et al,, 2015).

1) How does post-fire soil La U ra FraC|Ca GOﬂza |€Z L | Fwd!glul@ﬁjquakﬂﬁ

Terms affecting dviv

Thermoelastic  Unmodeled

of general relation between soil moisture and dv, and groundwater and evlv,
the effects of environmental and tectonic factors affecting dviv. Sources

Seismic stations

seismic
of
Hz

geophones

were set upin

g|a  triangular
array in
March 2024,

Soil
data loggers
recording soil
temperature

(What)
(Where)
When
(Why)

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
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Precipitation interacting with the surface
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Precipitation interacting with the surface
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Feeling a bit flattened? Let's recapitulate

>

For many geomorphically relevant processes there is seismic benchmark
experiments, data and expertise available

For some processes there are physical models ready for inversion

For may more processes there are simplistic models, at best

31



Feeling a bit flattened? Let's recapitulate

>

For many geomorphically relevant processes there is seismic benchmark
experiments, data and expertise available

For some processes there are physical models ready for inversion

For may more processes there are simplistic models, at best

The transfer of concepts from very large or very small problems is a rocky
trail, scale transfers and scale dependency is at the heart of geography
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Feeling a bit flattened? Let's recapitulate

>

For many geomorphically relevant processes there is seismic benchmark
experiments, data and expertise available

For some processes there are physical models ready for inversion

For may more processes there are simplistic models, at best

The transfer of concepts from very large or very small problems is a rocky
trail, scale transfers and scale dependency is at the heart of geography

Real landscapes live from process interaction, instead of isolated processes
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Feeling a bit flattened? Let's recapitulate

For many geomorphically relevant processes there is seismic benchmark
experiments, data and expertise available

For some processes there are physical models ready for inversion

For may more processes there are simplistic models, at best

- Let's get together and apply what exists, or improve what is too simple

The transfer of concepts from very large or very small problems is a rocky
trail, scale transfers and scale dependency is at the heart of geography

— Let's get together and appraise what exists, or improve what is inadequate

Real landscapes live from process interaction, instead of isolated processes

— Let's get together and combine the existing approaches
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Feeling a bit flattened? Let's recapitulate

For many geomorphically relevant processes there is seismic benchmark
experiments, data and expertise available

For some processes there are physical models ready for inversion

For may more processes there are simplistic models, at best

- Let's get together and apply what exists, or improve what is too simple

The transfer of concepts from very large or very small problems is a rocky
trail, scale transfers and scale dependency is at the heart of geography

— Let's get together and appraise what exists, or improve what is inadequate

Real landscapes live from process interaction, instead of isolated processes

— Let's get together and combine the existing approaches Thanks!
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