
WATS 5150 – Fluvial Geomorphology

Key Concepts in Fluvial Geomorphology



Reading for this Module
• CHAPTER TWO: Key concepts in 

river geomorphology

• Brierley G and Fryirs K. 2005. Geomorphology and River 
Management: Applications of the River Styles 
Framework. Blackwell Publishing: Victoria, Australia, 
398 pp.  

https://ebookcentral-proquest-com.dist.lib.usu.edu/lib/usu/reader.action?docID=1032536&ppg=25


Key Concepts in Fluvial Geomorphology

I. Intro
II. Spatial Considerations
III. Conceptualization of Time
IV. Combining Spatial & Temporal Concepts



Lecture Purpose

• Define and understand nested 
spatial scale hierarchies

• Understand the classic temporal 
concepts in fluvial geomorphology

• Build appreciation of space-time 
relationships



The Space-Time Assertion & Nested Spatial Scales
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Transcending nested spatial scales

What you already do… with your index finger 



Let’s Be Clear About Spatial Scale…

• Defined in terms of extent & resolution
• What spatial scale are you reading at?

From: Wheaton et al. (2015) – Geomorphology; 
DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


The Scale Crux…
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‘A continuous view of the river is needed to understand how processes 
interacting among scales set the context for stream fishes and their
habitat’ – Fausch et al. (2002)

Riverscape Argument For Network Scale



Hierarchical Spatial Scales - Habitat

Figure 2  Frissel et al. (2006)
DOI: 10.1007/BF01867358

https://www.researchgate.net/publication/226595683_A_hierarchical_framework_for_stream_habitat_classification_Viewing_streams_in_a_watershed_context
http:/doi.org/10.1007/BF01867358


Spatial Scales of 
River Structure
• Reach

• Made of many geomorphic 
units

• Geomorphic Unit
• Building blocks of reach
• Chapters 6 & 7
• Made of multiple hydraulic

units

• Hydraulic Unit
• Area of uniform flow and

substrate

Figure 2.1  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


All getting at same thing…

• Don’t get confused by 
the inconsistent labels 
different people use.  

Figure from: Brierley & Fryirs (2005)



Boundary Conditions

Figure 2.2  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Imposed

Flux

Can change over 
geomorphic 
timeframes 

• Flux boundary conditions 
operate  within imposed 
boundary conditions..

http://dx.doi.org/10.1002/9781118305454


Heterogeneity and Homogeneity in Physical Structure

• something

Figure 2.3  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Complex
Heterogenous
Amplified Processes

Simple
Homogenous

Modulated Processes

http://dx.doi.org/10.1002/9781118305454


Pocket Guide; Wheaton et al. (2019, p. 5) 
DOI: 10.13140/RG.2.2.28222.13123/1

See Wheaton et al. (2019, p 64)
Chapter 2 LTPBR Manual for Principles

DOI: 10.13140/RG.2.2.34270.69447

http://dx.doi.org/10.13140/RG.2.2.28222.13123/1
http://dx.doi.org/10.13140/RG.2.2.34270.69447


Variability in 
Landscape 
Connectivity

• Lets unpack this..
It is all about this being a
primary control on:
• Catchment-scale fluxes of 

water & sediment

Figure 2.4  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Typical Downstream Zonation (of sediment flux)
Source → Sink

Sediment is:
• Sourced in 

headwaters (source 
zone)

• Transferred through 
mid-catchment 
(transfer zone) 

• Accumulated in 
alluvial valleys 
(transfer zone) or 
sinks



First, the Legend is Loaded…
• Buffers – control on sediment getting to channel
• Barriers – control on sediment being conveyed downstream
• Blankets – sediment draped over surfaces



Typical Linkages in Headwaters

• Dominated by buffers, barriers or blankets? Why?

Figure 2.4  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Typical Linkages in Mid-Catchments

Figure 2.4  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Typical Linkages in Lowland Plains

Figure 2.4  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Typical 
Downstream 
Patterns 
How these linkages change 
downstream in:
• Sediment storage (+)
• Residence time of sediment (+)
• Sediment delivery (-)
• Hillslope-Channel Connectivity (-)
• Channel-Floodplain Connectivity 

(+)

Figure 2.4  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454
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Timeframes of 
River Analysis

• Temporal scale is defined in 
terms of duration (frame) 
and frequency

• We’ll start with Geologic 
Time… 

Figure 2.5  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Davisian Cycle of Landscape Erosion
Three Stages
Spanning 
‘Geologic Time’

Figure 2.6  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Youth

Maturity

Old Age

http://dx.doi.org/10.1002/9781118305454


Davisian Cycle of Landscape Erosion

• This is a classic example of space 
for time substitution.

• This was developed in mid 1800s, 
more than a century prior to 
concept of plate tectonics



Timescales & 
Perspectives

• Time the geologist cares 
about, vs. the 
geomorphologist, vs. the 
engineer

Figure 2.5  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Equilibrium “Notions”
• An over tendency to assume equilibrium exists and is “natural” 
• Equilibrium cannot be defined without being explicit about timescale
• Equilibrium of what? What variable? Elevation, Sediment Flux, Channel 

State, etc?

Figure  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

What is 
natural 

range of 
variability?

http://dx.doi.org/10.1002/9781118305454


Disturbance Events

• A change in process intensity – any 
factor that affects the boundary 
conditions

• Pulse Events – disturbance events 
are episodic events of low 
frequency, high magnitude and 
limited duration (e.g. seasonal flood, 
storm event)

• Press Events - Controlling variables 
are sustained at a  new level as a 
result of more permanent shifts in 
input/flux conditions (e.g. flow 
regulation)

• Ramp Events – Strength of 
disturbance steadily increases over 
time and space (e.g. land use 
changes)



Geomorphic “Effectiveness” of Floods

• Not a hydrograph
• The biggest events 

are not always the 
most “effective”

• The longest events
are not always the
most effective

Figure 2.11  Fryirs & 
Brierley (2013)

DOI: 10.1002/9781118305454

Flood Magnitude 
above 
threshold

Event Duration “Effectiveness”

A None Longest Least (not)

B Some Shortest Medium

C Most Intermediate Most

http://dx.doi.org/10.1002/9781118305454


Concept Really Comes from Wolman &
Miller’s Effective Discharge

• f(Q) is a frequency 
distribution of 
events

• S(Q) is a rating
curve – e.g. how 
much sediment 
moved as function 
of flow

• Product of two is 
“effectiveness”

• Take away is
intermediate
magnitude and
frequency events 
“most effective”

Figure 1 Doyle et al 
(2006)

DOI: 10.1029/2005wr004222

http://dx.doi.org/10.1029/2005wr004222


However, different shape frequency & rating 
curves… would change that

Figure 1 Doyle et al 
(2006)

DOI: 10.1029/2005wr004222

http://dx.doi.org/10.1029/2005wr004222


Some other italic
Concepts 



Magnitude 
Frequency 
Relationships

• Geomorphic Work
• Complex Response
• Geomorphic 

Effectiveness
• Persistence
• Gradualism

• Catastrophism
• Antecedent Controls
• Memory
• Residence Time
• Equifinality



Differentiating Behavior from Change

• Processes… going about 
their normal business (i.e.
adjustments around a 
characteristic state 

Figure 2.8  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

• Different Flavor … 
boundary conditions 
different

http://dx.doi.org/10.1002/9781118305454


Time – Response Plots 
Key Concepts

• Disturbance Events
• Thresholds
• Reaction Time
• Relaxation Time
• Recovery

Figure  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


So when river behavior just taking place…

• Processes… going about 
their normal business (i.e.
adjustments around a 
characteristic state 

Figure 2.8  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

• If a big disturbance event 
happens… System Recovers 
… May be rapid or delayed

http://dx.doi.org/10.1002/9781118305454


However, Flavor Change can Occur when

Figure 2.8  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

• Different Flavor … 
boundary conditions 
different

• If a big disturbance event 
happens… and  System Does 
Not Recover … some 

http://dx.doi.org/10.1002/9781118305454


Thresholds define transitions in geomorphic state

• When a threshold 
is exceeded, the 
“state” changes

• When a system is
near a threshold,
but it hasn’t
changed state, it 
is sensitive

Figure  Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

What is the 
inverse of 

sensitivity?

http://dx.doi.org/10.1002/9781118305454


Resilience of ______, (some system
state) to ________ (some disturbance)

What is resilience?

“The capacity to recover quickly from difficulties, toughness.”
The lack of sensitivity to disturbance



Structurally-Forced Resilience to Drought

Years since restoration

Re
sil

ien
cy

Maggie Creek

Gunnison

Bridge Creek

Gunnison

Bridge Creek

0 5 10 15 20 25 
Low

High

Silverman et al. (2018)
DOI: https://doi.org/10.1111/rec.12869
Page 15 of LTPBR Pocket Guide 

Productivity no longer sensitive to 
precipitation!

Nathan Seward

Zeedyk Structures
(Short-term: 2-5 yrs)

NOAA Fisheries

Beaver Dam Analogs
(Mid-term: 9 yrs)

Bryce Gray

Grazing Management
(Long-term: 20+ yrs)

https://doi.org/10.1111/rec.12869


Another example of Structurally-Forced 
Resilience

Page 16 of LTPBR Pocket Guide
From Wheaton et al. (2019) – LTPBR Manual

DOI: 10.13140/RG.2.2.19590.63049/1.

http://dx.doi.org/10.13140/RG.2.2.19590.63049/1
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More Space-Time 
Concepts… 

• Configuration
• Linear Systems
• Non-Linear Dynamics
• Contingent 

• Spatial contingencies (configuration)
• Historical contingencies (antecedent 

conditions)
• Emergent
• Complex-Response



Linkages between Space & Time
Table 1 Frissel et al. (2006)

DOI: 10.1007/BF01867358

http:/doi.org/10.1007/BF01867358


Geomorphic Spatial Scales Tied to Time



Geomorphic Spatial Scales Tied to Time
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Next Time
In Chapter Three, we’ll zoom out and focus on  “Catchment Scale Controls”
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