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Definition of geomorphology

• Study of the processes shaping Earth’s surface and the 
landforms they produce, at all spatial scales

• Synthetic discipline drawing on geology, physics, 
hydrology, chemistry and biology



Relevance of geomorphology

• Geomorphology has fundamental societal relevance as
humans live on Earth’s surface ! 

� Spatial distribution of soil types (arable lands)

� Location, frequency and dynamics of floods and 
landslides (natural hazards)

� Glaciers dynamics and their consequences (water 
resources, natural hazards) 

� Location and magnitude of coastal erosion (tourism
activity, natural hazard)

� Location and rates of upland erosion (agriculture)





Relevance of geomorphology

• Geomorphology is key for understanding all ecosystems
on Earth, and thus for their restoration !

� Spatial distribution of sediment type and size on 
hillslope, valleys, deserts

� Slope, shape and stability of hillslopes

� Spatial and temporal dynamics of river forms

� Spatial and temporal dynamics of coastal forms





Nothing is stable !

Most people think of land, rivers and oceans as stable and 
unchanging…geomorphologists see landscapes constantly
evolving !

Causes of change:

• Endogenic
(tectonics, 
volcanism)

• Exogenic
(climate, biosphere) 



Endogenic factors: tectonic forces



Exogenic factors: the hydrological cycle



Landscapes

A geomorphological definition:
� Sets of landforms sharing common genesis, contiguous

location, and related history

• Landscapes can be divided into different units (physiographic
units), each featuring relevant spatial and temporal scales for 
their analysis



Example of landscape
/ physiographic units

and provinces



Spatial and 
temporal scale in 
geomorphology



Spatial scales in fluvial morphology
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The key spatial scale: river basins



Landscapes: hillslopes, floodplains and channels
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Colluvial processes

• Driven by gravity, but helped by water 
(saturation). Also called mass movements

• Favored by steep slopes, but also on 
milder gradients (soil creeping on clayey material) 

• Topographic gradient controls the speed

• Landslides (rockfalls, shallow, deep seated)

With increasing water content:

• Debris flows and mudflows 



Alluvial processes
• Sediments are mobilized by forces due to flowing water

• Newtonian flow (linear stress – strain rheology)

• Sediment concentration depends on gradient (<5% but up to 10% in volume)

• Density about 1,000 kg m-3

• Velocity <3-5 m s-1



Sediment transport types on Earth’s surface



Sediment transport types on Earth’s surface



Differences between alluvial and colluvial

• Alluvial processes are investigated through fluid mechanics concepts

• Colluvial processes are geotechnical problems 

� Alluvial processes take place over a certain time span during a year

� Colluvial processes are almost instantaneous 
(apart from slow creeping phenomena in plastic soils) 

� Alluvial deposits feature sediment layers according to grain size (coarser 
particles are deposited before smaller ones)

� Colluvial deposits are very heterogeneous (especially debris flows)
Coarser particles are often carried further down because of inertia

Both colluvial and alluvial processes can be either erosive and 
depositional



Erosional processes

•Erosion: the displacement of rock/soil particles by flows (wind, water, ice), by

gravity, or by living agents (bioerosion) 

• Different from weathering (physical/chemical degradation of rocks)

Splash erosion: by raindrops

Sheet erosion: by surface runoff 

on hillslopes 

Rill erosion: in ephemeral 

concentrated flow paths on hillslopes

Gully erosion: in ephemeral entrenched 

channels migrating upward for headcutting

Stream erosion: in perennial channels

Water erosion mechanisms:



Erosional forms
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Depositional processes

•The settlement on a landform of transported sediments occuring when the kinetic energy 

reduces below a certain threshold

• Glaciers deposit moraine at their sides and front

• Colluvial (and moraine) deposits tend to be as steep as the 

angle of repose of the material (about 40° for gravel and 

rocks)

•Debris flow deposits (debris fans) are 

steeper than alluvial fan

• Alluvial deposits feature 

much lower slopes,  down 

to flat surfaces



Depositional forms

� Colluvial deposition

Talus slope
(gravity driven)

Landslide

deposit Debris fan



Depositional forms

� Fluvial deposition



Main geomorphological concepts

• Conservation of mass

• Conservation of energy

• Force balance 

• Dynamic equilibrium and steady state

• Magnitude-frequency relationships

Input – Output = Δ Storage

E = E pot + E kin

Et0-Et1 = ΔE   

Driving forces

Resisting forces



Main geomorphological concepts

• Force balance



Main geomorphological concepts

• Dynamic equilibrium and steady state



Main geomorphological concepts

• Magnitude-frequency
relationship


