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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
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A textbook collection of geomorphic processes
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What do we know?
Can we model physically?
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The action of frost on rock

A random website… | Walder & Hallet (1986)!!! | Wang et al. (2021) | kespilotgeography.blogspot.com

INTRODUCTION    |    STRESS     |     MASS WASTING     |     RIVERS    |    GROUND   |   ATMOSPHERE



6

The action of frost on rock

Mayer et al. (2023, GRL)
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The action of frost on rock

Mayer et al. (2023, GRL)

What
Where
When
(Why)

But: no model
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Or the other way around: the reaction of rock to stress

Dietze et al. (2020, ESPL)

What
Where
When
(Why)

But: no model
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Or the other way around: the reaction of rock to stress

Lagarde et al. (2023, NatComm)                                               Li et al. (2024, ConstrBuildMat)

What
Where
When
Why

But: no model
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The action of gravity… Example A: large volume mass wasting events

www.meinbezirk.at/landeck/c-lokales/

11.06.23 
15:05:17
144 s
106 m³ 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

Farin et al. (2019b, ESPL)
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The action of gravity… Processes in between

Hibert et al. (2017, ESurf)                                    Manconi et al. (2016, GRL)
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The action of gravity… Processes in between

Hibert et al. (2017, ESurf)                                    Manconi et al. (2016, GRL)

“Only” correlative understanding
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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)

Sugar et al. (2021, Science); Cook et al. (2021, Science); Dietze & Ozturk (2021, Science), Dietze et al. (2022, GRL)
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Water moving sediment, probing the hidden dynamics
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Seismic power due to 

river turbulence

Seismic power due to debris

impacting the river bed

Matthews et al. (2022, EGU Sphere)                                    Gimbert et al. (2014)   Tsai et al. (2012)

Water moving sediment, probing the hidden dynamics
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Seismic power due to 

river turbulence

Seismic power due to debris

impacting the river bed

model_turbulence(d_s = 0.03,
                 s_s = 1.35,
                 r_s = 2650,
                 h_w = 0.8,
                 w_w = 40,
                 a_w = 0.0075,
                 f = c(1, 100),
                 r_0 = 10,
                 f_0 = 1,
                 q_0 = 10,
                 v_0 = 2175,
                 p_0 = 0.48,
                 n_0 = c(0.6, 0.8))

model_bedload(d_s = 0.7,
              s_s = 0.1,
              r_s = 2650,
              q_s = 0.001,
              h_w = 4,
              w_w = 50,
              a_w = 0.005,
              f = c(0.1, 20),
              r_0 = 600,
              f_0 = 1,
              q_0 = 20,
              e_0 = 0,
              v_0 = 1295)

Dietze et al. (2019, WRR), Dietze (2018)

Water moving sediment, probing the hidden dynamics
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Rech

Dernau

Walporzheim

Ahrweiler

AHRW

2000 m

Dietze et al. (2022, GRL)

Water moving sediment debris, an example from the Ahr Valley (2021)
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Rech

Dernau

Walporzheim

Ahrweiler

AHRW

Seismic amplitude as function 

of distance

2000 m

Dietze et al. (2022, GRL)

Water moving sediment debris, an example from the Ahr Valley (2021)
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Shortcomings & Unknowns

1a) 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 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)

All excellent and fine? Unsolved issues with the approach

ProcessParticles & obstacles

Ground architectureWave representation
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Why carrying on? 

Look below ice & at episodic events Catchment-wide process propagation

Quantify biogeomorphic effects

Beyond-continent fluxes of mass & carbon

Antoniazza et al. (2023, JGR), Dietze et al. (2020, ESPL), Baker et al. (2024, GRL)

100 km
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Water below our feet

Www.blogs.egu.eu/network/water-underground/2015/07
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Water below our feet

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

GW discharge

Poroelastic load effect

Hydr. head & pore pressure

K days rain deficit reaction

Www.blogs.egu.eu/network/water-underground/2015/07, Clements & Denolle (2023, JGR SE), Illien et al. (2022)
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Water below our feet … but not as deep as groundwater

Posters by 
Laura Fracica Gonzalez

MON082 & MON083

(What)
(Where)
When
(Why)

But: no model
And: simplified
     approaches
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Air pressure systems … and wind effects 

Zürn et al. (2007, GJI)                                            Lott et al. (2017, JApplPhys)

Get rid of the noise
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Wind interacting with the biosphere

What
(Where)
When
(Why)

But: no model
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Precipitation interacting with the surface

Mohr, Dietze et al. (2024,BioGeoSci)
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Precipitation interacting with the surface

Mohr, Dietze et al. (2024,BioGeoSci)                    Bakker at el. (2022, JHydrol), Dietze (2018, ESurf)

What
Where
When
Why

INTRODUCTION    |    STRESS     |     MASS WASTING     |     RIVERS    |    GROUND   |   ATMOSPHERE



31

INTRODUCTION    |    STRESS     |     MASS WASTING     |     RIVERS    |    GROUND   |   ATMOSPHERE

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
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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
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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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