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Introduction

 Coupling surface processes (models) to
geodynamics (models)

 Present basic parameterization of surface

Processes
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1. Response of surface processes
to tectonic forcing
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Orogenic cycle

Steady-state

Slow decay Rapid decay



Orogenic cycle

A decaying orogen
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Orogenic response times



best n value
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Non-linearity of SPL - option 2: best n and K values
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Non-linearity matters
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The longevity of ancient mountain belts

Southeastern Australian Highlands

Pyrenees
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2. Response of surface processes
to climatic forcing
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Glacial erosion
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Response time(s) to changes in ELA
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Response time(s) to periodic variations in ELA: the Gain function

Herman et al, JGR, 2018
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Response to Late Cenozoic cooling

Herman et al, JGR, 2018
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Analytical expressions for surface processes response

to periodic climatic forcing
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3. Response of surface processes
to weather conditions




Erosion rate and rainfall
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Climate variability matters...

Because surface processes depend on rainfall
and are characterized by thresholds

- Bedrock incision

- Channel head initiation

* Fluvial transport of bed-load sediments
 Debris flows

- Shallow landsliding

- Solifluction

- Soil creep




Mean and variability

- Low variability systems are more
clustered around the mean

- Erosion frequency is the
probability of exceeding the

10° - 5- -10° erosional threshold
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Climate variability matters...

Deal, Botter and Braun, JGR, 2018
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The effect of climate variability is independent of process

Deal and Braun, subm

Super-linear
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Implications for the way surface processes respond to climate change

- Climate change affects both mean
and variability of rainfall

- Regions with high rainfall or river
discharge tend to exhibit low
variability and vice-versa

* Intensity of rainstorms increases

with increasing temperature

Low thresholds systems will

respond to changes in mean annual

rainfall

High thresholds systems will

respond to changes in mean annual

rain fall AND temperature

Thresholds decease in high relief/
slope environments

Steep landscapes are less sensitive
to variability




4. Flexure, drainage basins,
co-evolution of life and landforms
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Flexure and watersheds form and evolution
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Conclusions (1)

- Orogenic systems are complex
systems

* They respond to changes in
tectonic forcing and reach steady-
state within a few million years

- If erosion rate is a nhon-linear
function of height (slope,
curvature, ...) their erosional
decay lasts much longer than their
growth

* The response of erosional systems
to variations In climate depends
on the nature of the process, the
size and the state of the system
(climate, uplift rate)

- We should not expect a
synchronous response of all parts
of the Earth’s system




Conclusions (2)

- Climate variability matters in
erosional systems where
thresholds exist AND when the
threshold is close to the mean
forcing

 This is independent of the
erosional process

* There is a link between basin
geometry, size and evolution,
and biodiversity (species
endemism and richness)

* Isostasy and flexure exerts a
strong control on the shape and
evolution of watersheds




Thank you



Effect of sedimentation
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How important is isostasy?
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Weathering model

Low uplift rate (U = 50 m/Myr, D=0.001 m2/yr)
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