
WATS 5150 – Fluvial Geomorphology

Instream Geomorphic Units (Form)



Reading for this Module
• Chapter 8: Instream geomorphic units

• 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=148


Purpose of This Module

• Give you the skills for “Step 1”
in reading Riverscapes

• Help you understand the 
building blocks of riverscapes 
(starting with in-channel 
geomorphic units)

• Introduce you to the tools and 
terminology to help you  read 
and map riverscapes

Geomorphology – The study of landforms
and processes that shape them.

Some of same content we cover in 
WATS 6840 – Ecohydraulics & WATS 

5350 – Restoration Capstone

https://restoration-usu.github.io/Ecohydraulics/
http://capstone.restoration.usu.edu/


Instream Geomorphic Units
I. Intro → Geomorphic Units & Process-Form Associations

II. Classification & Field Identification
III. Your Book (River Styles)

I. Sculpted, Erosional Bedrock & Boulder GUs
II. Mid-Channel, Depositional GUs
III. Bank-Attached, Depositional GUs
IV. Sculpted, Erosional Fine-Grained GUs
V. Unit & Compound GUs
VI. Forced GUs

IV. Continuum of GUs
V. Fluvial Taxonomy GUs (Topographically Defined)

I. Tier 1 – Stage
II. Tier 2 – Shape / Form
III. Tier 3 – Attributed

VI. GUT (Geomorphic Unit Toolkit)



Reading 
Riverscapes

• It’s a lot… that’s why we’ll take 
all semester learning it…



Step 1 – Mapping Geomorphic Units



Review… 

• So all the earlier 
chapter stuff 
matters…

• They define
geomorphic units as
“erosional and
depositional features”

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

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


Geomorphic Unit Definition
• A geomorphic unit is a landform that is a byproduct of erosion and 

deposition of sediment
• Fluvial geomorphic units are the result of fluvial (by water) erosion and 

deposition

Figures from: Brierley and Fryirs (2005)

For mapping purposes:
• GU’s are spatially continuous areas that can be 

topographically defined
• GU’s can be represented on a cell-by-cell basis by 

probabilistic or fuzzy membership in a class (e.g. 
probability of being a bar)

• GU’s are often represented as mutually exclusive 
polygons, but can me mapped with points as well



Remember… 
Geomorphic Units are 
building blocks of the 
landscape

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

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


Spatial Distribution of Geomorphic Units is 
Distinctive (not unique)

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

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


Forcing… and Notion of Unit vs. Compound
• Forcing (disruptions to

hydraulics) by:
• Structural Elements (wood,

boulders, beaver dams)
• Bedrock
• Other geomorphic units
• Planform

• Position matters
• Units – easy to identify 

when formed by single 
depositional events, vs. 
compound units reflect a 
range of flow conditions 
and reworking events 



River Styles Tree & Fruit?



Geomorphic Units can
be “Genetically Linked”

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

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


If I Took You to an Overlook…

• And I asked you to draw a map… 
• What would you draw?    



For Real, What Would You Draw?

• If I gave you an aerial photo? • Would you draw something different from a 
DEM?



Technology Buys us Beautiful, HR,  Digital Maps…

From point clouds

To Aerial Images

& DEMs

• But then what? 
• What can you do with 

these base maps?



What are the components of a geomorphic map?

From O’Conner et al. (2013): USGS

1. What should be in 
legend?  - GUs?

2. Continuous variables or 
Categories?

3. If categorical, what 
categories? – GUs?

http://or.water.usgs.gov/proj/Sprague/


Instream Geomorphic Units
I. Intro → Geomorphic Units & Process-Form Associations

II. Classification & Field Identification
III. Your Book (River Styles)

I. Sculpted, Erosional Bedrock & Boulder GUs
II. Mid-Channel, Depositional GUs
III. Bank-Attached, Depositional GUs
IV. Sculpted, Erosional Fine-Grained GUs
V. Unit & Compound GUs
VI. Forced GUs

IV. Continuum of GUs
V. Fluvial Taxonomy GUs (Topographically Defined)

I. Tier 1 – Stage
II. Tier 2 – Shape / Form
III. Tier 3 – Attributed

VI. GUT (Geomorphic Unit Toolkit)



Landforms more Consistent in other 
Geomorphology Sub-Disciplines



Fluvial… not so good
Surely, someone had already done this?

• In glacial, hillslope, coastal and 
aeolian geomorphology, the 
landforms are fairly 
consistently defined

• In fluvial, we found over 100 
different terms to describe 
geomorphic units, of which 68 
were actually distinctive… 

• The legend should include a) 
margins, b) geomorphic units, 
and c) structural elements

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


Four Primary Motivations for Better 
Identifying Geomorphic Units

1. Geomorphic Units are building blocks 
of a reach

2. Instream geomorphic Units comprise 
aquatic habitat -> Build stronger 
habitat relationships

3. Geomorphic Units are readily derivable 
from topography, if we have clearer 
topographic definitions

4. Geomorphic Unit Assemblages are 
predictable by reach type & condition

Figure from: Brierley & Fryirs (2005)



Differentiation of GUs
• Position
• Morphology (shape & size)
• Sediment Analysis (morphostratigraphy)
• Deposition/Erosional *



Morphostratigrahy & Bounding Surfaces

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

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


Channel Shapes



Instream Geomorphic Units
I. Intro → Geomorphic Units & Process-Form Associations
II. Classification & Field Identification

III. Your Book (River Styles)
I. Sculpted, Erosional Bedrock & Boulder GUs
II. Mid-Channel, Depositional GUs
III. Bank-Attached, Depositional GUs
IV. Sculpted, Erosional Fine-Grained GUs
V. Unit & Compound GUs
VI. Forced GUs

IV. Continuum of GUs
V. Fluvial Taxonomy GUs (Topographically Defined)

I. Tier 1 – Stage
II. Tier 2 – Shape / Form
III. Tier 3 – Attributed

VI. GUT (Geomorphic Unit Toolkit)



Process-Form Associations of Instream GUs

• Four categories differentiated:
1. Sculpted, erosional bedrock and boulder units
2. Mid-channel, depositional units
3. Bank-attached, depositional units
4. Sculpted, erosional fine-grained units
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