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For Ecohdyraulics, What do I need to know 
about hydraulics?
• That flow fields (comprised of patterns of velocity and 

depth) can be modeled from a force-balance 
perspective if I have:

• Discharge (flow) coming in (magnitude of driving force -
external)

• Topography (boundary to hold and route water through 
channel and riverscape) – sets up driving forces from  
potential energy / slope  - internal and “steering”

• Roughness (flow resistance)

• Two-dimensional or three-dimensional models of 
hydraulics are necessary to resolve patterns of physical 
habitat “at a scale relevant to fish”

• Resolution & quality of topography are fundamental
• How good are patterns of velocity & depth?
• Am I looking at steady-state or dynamic (time varying) 

simulation?
• Is “discretization” of space (and time) appropriate for 

biotic questions being asked?



Hydraulics Is Not… But Depends On
• Hydraulics is f(climate, hydrology, geology, geomorphology)
• But hydraulics ≠ climate, hydrology, geology, geomorphology
• What does hydraulics =?
• What are the primary hydraulic variables?

• Velocity & Depth



Purpose of This Lecture

• Crash-course on the ‘form’ side of 
geomorphology, as those forms 
represent physical habitat

• Help you understand the building 
blocks of riverscapes

• Introduce you to the tools and 
terminology to help you map 
riverscapes at both reach scale & 
and network scale

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

Similar Crash Course we cover in 
WATS 5350 – Capstone II

Full Course in Detail
WATS 5150 – Fluvial Geomorphology

http://capstone.restoration.usu.edu/Course_Topics/WATS_5350/Design_Geomorphic_Principles.html
https://riverscapes.github.io/Fluvial-Geomorphology/


RECALL: Example Of Outputs @ Site Summary Scale
• Impressive, but…

From: Wheaton et al. (2017) ESPL – Ecohydraulics 
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010

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


RECALL: All FHM 

• The FHM are a vehicle 
for producing site-
specific, species and 
life-stage specific 
capacity estimates.

• Capacity is our fish-
habitat relationship 
currency

From: Wheaton et al. (2017) ESPL – Ecohydraulics 
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010

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


RECALL: In the end… all that gives me is dots
@ Every Site (800+)
• HSI for spawning (Adult) capacity 
• NREI estimates for Juvenile Capacity

SITE LEVEL

SITE SUMMARY:

SITES ON NETWORK

1

2

3



RECALL: 
Magic Step

• Imputation
• This step is one 

of our biggest 
development 
hurdles…

• Can we predict 
site level 
summary from 
network level 
output?

From: Wheaton et al. (2017) ESPL –
Ecohydraulics Special Issue; DOI: 

10.1016/j.geomorph.2015.07.010

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


From: Wheaton et al. (2017) ESPL – Ecohydraulics 
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010

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


Geomorphology  & Habitat

I. Reach Types
II. Building Blocks

I. Margins (entry into Valley Setting)
II. Geomorphic Units
III. Structural Elements

III. Habitat



Geomorphic Reach Types?



Nested-Hierarchal Scales
1. ‘Reach Types’ or 

‘River Styles’ are 
flavors of 
riverscapes

2. Flavor based on 
physiography:

1. Climate
2. Geology
3. Ecology

3. River Style 
predicts what you 
will find at finer-
scale (i.e. habitat)

Figure from: Brierley & Fryirs (2005)



Some Different Flavors Or

• Photos From Gary Brierley



Eco-regions & Landscape Units Matter



• Map systematically based 
on:

• Landscape Units
• Valley Setting

Flavors of Stream



Detailed Enough to Differentiate Landscape Units

• The types of streams that occupy and cross these vary systematically



Ecoregion Descriptions… LU’s?

• d



Ecoregions of Utah – Level IV

• ftp://ftp.epa.gov/wed/ecoregions/ut/ut_front.pdf

ftp://ftp.epa.gov/wed/ecoregions/ut/ut_front.pdf


River Styles Tree & Fruit?



Exercise 1
• What 3 flavors?
• Optionally Download KMZ 

of Logan River Styles

https://restoration-usu.github.io/WATS-5340-5350/Course_Topics/WATS_5350/03_Design_Geomorphic_Principles.html

https://usu.box.com/v/LoganRiverStylesMain
https://restoration-usu.github.io/WATS-5340-5350/Course_Topics/WATS_5350/03_Design_Geomorphic_Principles.html


Geomorphology  & Habitat

I. Reach Types
II. Building Blocks

I. Margins (entry into Valley Setting)
II. Geomorphic Units
III. Structural Elements

III. Habitat



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?

2. Continuous variables or 
Categories?

3. If categorical, what 
categories?

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


Reading The Riverscape
• Most important underlying principle behind 

fluvial taxonomy effort was to ‘read’ the 
riverscape

• How can we find a common ‘language’ 
without reinventing wheel? 

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

• Fryirs KA and Brierley GJ. 2013. Geomorphic Analysis of 
River Systems: An Approach to Reading the Landscape, 
First Edition. Blackwell Publishing Ltd.: Chichester, U.K., 
345 pp. 

What we learn in WATS 5150 - Fluvial

https://riverscapes.github.io/Fluvial-Geomorphology/


Geomorphology  & Habitat

I. Reach Types
II. Building Blocks

I. Margins (entry into Valley Setting)
II. Geomorphic Units
III. Structural Elements

III. Habitat



Margins
• A border or edge between 

distinct regions used to 
define a riverscape’s
setting

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


Valley Margins in Different Settings

• Interesting thing is 
identifying where 
different margins 
overlap

• Fundamental control 
on channel’s 
capacity to adjust

• Differentiates reach 
types

• Sets up planform 
steering of flows

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


VALLEY SETTING CONTINUUM

From: O’Brien et al. (2015)



• Plausible limits on what 
adjustments are possible

• Geomorphic context matters
• Confinement
• Sediment Supply
• Flow Regime
• Vegetation
• Land use
• History

From Brierley & Fryirs (2005)

NATURAL CAPACITY FOR ADJUSTMENT



Definition of Valley Confinement
• The percent length of a reach that is 

in contact with a confining margin 
on either of its banks

• i.e. – where channel margin 
intersects valley bottom margin

From: Fryirs et al. (2015) – ESPL;
DOI: 10.1002/esp.3893

http://dx.doi.org/10.1002/esp.3893


Continuum of Confinement

From: Fryirs et al. (2015) – ESPL;
DOI: 10.1002/esp.3893

http://dx.doi.org/10.1002/esp.3893


Geomorphology  & Habitat
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II. Building Blocks

I. Margins (entry into Valley Setting)
II. Geomorphic Units
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III. Habitat



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 polygons



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. Geomorphic Units comprise fish 
habitat -> Build stronger fish 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)



• Four Tiers
• Stage Height

• Shape / Form

• Morphology

• Roughness/Vegetation

• Over 100 fluvial geomorphic 
units found in literature, of 
which 68 are distinctive (3b)

• Clearer, topographically based 
definitions

Taxonomy for Mapping 
Fluvial Landforms

From: https://riverscapes.github.io/pyGUT/
Wheaton et al. (2015) – Geomorphology; DOI: 
10.1016/j.geomorph.2015.07.010

https://riverscapes.github.io/pyGUT/
http://dx.doi.org/10.1016/j.geomorph.2015.07.010


Tier 1 – Stage Height -> Leads To Geomorphic Map

• The building blocks of a Valley?
vs.

• The building blocks of a Valley Bottom?



Tier 1 Applied

• Contrasting valley settings show 
different distributions of tier 1 
geomorphic Units…

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


Tier 2 – Shape & Form
• Just add a verb to tier 1, so it’s a Concave In Channel Unit (i.e.

concavity)
Concave Planar Convex



Tier 2 - Form
• Differentiating shape longitudinally (i.e. stream-wise), vs. 

laterally (i.e. cross sectional)

Bars Riffles Banks/ Avalanche 
Faces
Edges

Plane 
Bed

Chutes Pools

Mound Saddle Wall Plane Trough Bowl

XS Convex Concave NA Planar Concave Concave

LP Convex Convex NA Planar Planar Concave



Tier 2 – Applied
Shape

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


Tier 3 - Morphology

• d



Key Tier 3 Attributes: Types Description

GU Forcing
Occurs when a non-uniform hydraulic flow pattern creates a flow environment conducive to forcing the formation, 
maintenance or accentuation of a geomorphic unit. 

∟Not Forced The GU forms on its own (e.g. free bars)

∟By Structural Element Forcing can be caused by structural elements (e.g. large woody debris causing a plunge pool or an eddy bar)

∟By Geomorphic Unit Forcing can be caused by another geomorphic unit (e.g. a pool can be forced by a bar)

∟By Planform Forcing can be induced by sinuosity (e.g. flow separation on inside bends leading to point bars)

∟By Flow Width
Forcing is often associated with flow width expansion for depositional units and flow with constriction for erosional units

GU Orientation The orientation is defined by the longest axis of the geomorphic unit and relative to dominant flow direction.

∟Transverse Transverse units are oriented perpendicular to the flow (e.g. riffles)
∟Streamwise Streamwise units are oriented parallel to the flow (e.g. forced pools  are elongated in a streamwise fashion associated 

with the convergent flow jet)
∟Diagonal Diagonal units intersect the channel at an angle and flow is shunted diagonally over them at high flows.

∟Radial DS Some units have lobate shapes (e.g. lobate bars ) which

GU Position Defines the position of the GU within the low-flow channel
∟Bank-Attached Many units are appended to the channel margins (e.g. point bars ); Note 'bank-attached' is common termionology in 

the fluvial literature even though the entire length of all channels are bound by true banks. Channel margins is a more 
generic term, but less common.

∟Channel Spanning Some units are bank-attached on both sides and span the entire low flow channel (e.g. riffles )

∟Mid-Channel Some units are not attached to a channel margin and occur in the center of a channel (e.g. longitudinal bar )

∟Side-Channel For some mapping purposes, it is helpful to differentiate units that only occur in side and/or secondary channels

Low Flow Water Surface Slope

Especially for in-channel, planar units, low flow water surface slope is a helpful way of differentiating across the 
spectrum from low-slope glides, through intermediate slope runs and riffles, through high slope rapids, up to very high 
slope cascades. 

∟Flat Water surface slope = 0

∟Shallow Water surface slope < 0.005

∟Moderate Water surface slope > 0.005 & < 0.03

∟Steep Water surface slope > 0.03

Low Flow Relative Roughness Relative roughness is defined as the ratio of roughness height to flow depth (z0/h).

∟Low Relative roughness < 0.5 (i.e. majority of flow depth not obstructed by substrate)
∟Moderate Relative roughness between 0.5 and 1 (i.e. majority of flow depth obstructed by substrate, but substrate not 

protruding from water surface)
∟High Relative roughness > 1 (i.e. particles protruding from water surface)

∟Very High Relative roughness >> 1 (i.e. flow depth is negligible relative to massive boulders protruding from water surface)



Tier 1 Tier 2 Tier 3
Stage Height Shape/Type Specific Morphology

GU Forcing Low Flow Relative 
Roughness

GU Orientation GU Position Low Flow Water 
Surface Slope

∟ Planar

∟ Bench Not Forced Varies Streamwise Bank-Attached Varies Inset Floodplain

Ledge, but depositional feature; 
Terrace, but within active bankfull 
channel

∟ Ledge Not Forced Varies Streamwise Bank-Attached Varies Inset Floodplain

Bench, but erosional feature; 
Terrace, but within active bankfull 
channel

∟ Glide Not Forced Low (< 0.5) Streamwise Varies Shallow NA
Run, but much lower gradient water 
surface and low relative roughness

∟ Run Not Forced Moderate  (< 1) Streamwise Varies
Shallow to 
Moderate NA

Sometimes confused with riffles or 
glides

∟ Rapid Varies High (> 1) Streamwise Varies Moderate to Steep NA

Cascade, but less relative 
roughness and lacking vertical 
drops

∟ Cascade Varies Very High (>>1) Streamwise Varies Steep NA

Rapid, but more relative roughness, 
steeper water surface, and vertical 
drops; Sometimes confused with 
step-pools

∟ Concavity (e.g. Pool)

∟ Backwater Grade Control Low (< 0.5) Varies Side Channel Flat Slackwater

Similar to other pools but found in 
disconnected side channels or 
secondary channels

∟ Bar-Forced Pool By Bar Low (< 0.5) Streamwise Bank-Attached Shallow NA

Structurally forced pool, but forced 
by bar shunting flow against 
resistant boundary

∟ Beaver Pond
Grade Control from Beaver 
Dam SE Low (< 0.5) Streamwise Channel Spanning Flat Beaver Pool

A specific example of a dammed 
pool

∟ Chute Planform Varies Streamwise
Bank-Attached or 
Mid-Channel Moderate NA

Shallow thalweg, but generally 
steeper and dissecting bar; Also 
confused with flood channels, but 
these are in-channel short-circuiting 
forms

∟ Confluence Pool Planform Low (< 0.5) Streamwise Varies Shallow Scour Pool

∟ Dammed Pool DS Grade Control from SE Low (< 0.5) Streamwise Channel Spanning Shallow NA

Beaver pond, but forcing SE can be 
any channel spanning obstruction. 
Also confused with the upstream 
pool in a step pool

∟ Plunge Pool US Grade Control from SE Low (< 0.5) Transverse Varies Flat Scour Pool

∟ Ramp Planform Varies Varies NA

∟ Return Channel Forced by Eddy Bar Varies Streamwise Bank-Attached Varies NA
Chute, but flow is upstream in 
association with eddy

∟ Shallow Thalweg
Forced by planar GU or 
occasionally bars Varies Streamwise Bank-Attached

Varies, but 
Typically 
Moderate NA

Chute, but does not dissect a bar 
surface

∟ Secondary Channel Planform Varies Streamwise
Mid-Bankfull 
Channel Varies NA

Anabranch or Secondary Channel, 
except that area separating 
secondary and primary channel is 
< bankfull

∟ Structurally-Forced Pool
Flow Width Constriction 
Forced by SE Low (< 0.5) Streamwise

Bank-Attached or 
Mid-Channel Varies NA Sometimes called 'scour pool' 

Key Attributes to Differentiate Specific Morphologies

Also Known As Similar to or Confused With



Tier 1: In-Channel
Active 

Floodplain Terrace Fan Hillslope Total:
Tier 1 Count 1 1 1 1 1 5
Tier 2 Count 3 3 3 3 3 15

∟Concavities 12 12 1 1 1 27
∟Convexities 18 5 0 3 1 27
∟Planar 6 5 2 0 1 14

Tier 3 Subtotal: 36 22 3 4 3 68

Tier 3:

FILTERING THROUGH TAXONOMY

• Prior to Tiers… could be one of 68
• @ Tier 1, knowing I’m in channel, one of 36
• @ Tier 2, knowing I’m a concavity, one of 12
• @ Tier 3, knowing I’m forced, one of 



Tier 3 Applied



Assemblages



If I Land on a Riffle, But Don’t Know It



Tier 1 Tier 2 Tier 3
Stage Height Shape/Type Specific Morphology

GU Forcing Low Flow Relative 
Roughness

GU Orientation GU Position Low Flow Water 
Surface Slope

In-Channel
∟ Convexity (e.g. bar)

∟ Backwater Bar Grade Control Varies Varies Side Channel Varies Slackwater deposit

Similar to other bars but found in 
disconnected side channels or 
secondary channels

∟ Boulder Bar Flow Width Varies Streamwise
Bank-Attached or 
Mid-Channel Varies Boulder Berm

Similar to other bars, but in much 
higher gradient systems.

∟ Compound Bar Varies Varies Varies Varies Varies Bar complex

An amalgamation of multiple unit 
bars and other bar types (complex 
history)

∟ Confluence Bar Grade Control Varies
Radial DS & 
Streamwise Bank-Attached Varies NA

Expansion bar, except in response 
to gradient drop from tributary to 
mainstem.

∟ Diagonal Bar
Planform & Flow Width 
Expansion Varies Diagonal Mid-Channel Varies Mid-Channel Bar

Point bar, but no longer bank-
attached (separated by chute)

∟ Eddy Bar
Planform, SE, and/or Flow 
Width Constriction Varies Streamwise

Bank-Attached or 
Mid-Channel Varies Separation Bar

∟ Expansion Bar Flow Width Varies Transverse Mid-Channel Varies NA

Transverse bar, but in response to 
slope lowering, and does not span 
channel

∟ Forced Bar Varies Varies Streamwise
Bank-Attached or 
Mid-Channel Varies NA Eddy Bar

∟ Forced Riffle Channel Spanning SE Moderate  (< 1) Transverse Channel Spanning Shallow NA

Riffle, but forced by channel 
spanning structural element buried 
in bed

∟ Lateral Bar
By Planform or By Flow 
Width Varies Streamwise Bank-Attached Varies Alternate Bar

Point bars, but can be in bends with 
lower curvature or channels with 
lower sinuosity or straight

∟ Lobate Bar Grade Control Varies Radial DS Mid-Channel Varies Mid-Channel Bar

Similar to other mid-channel bars 
but distinctive in DS tear-dropped 
shape and avalanche faces

∟ Longitudinal Bar Flow Width Varies Moderate  (< 1) Mid-Channel Varies Mid-Channel Bar

Similar to other mid-channel bars 
but distinctive in elongated 
streamwise orientation and 
upstream convexity at bar head

∟ Point Bar Planform forced Varies Streamwise Bank-Attached Varies Bank-Attached Bar
Alternate bars, but in bends with 
higher curvature

∟ Reattachment Bar Varies Varies Streamwise Bank-Attached Varies NA

Eddy Bar, but occurs DS of both 
flow separation and reattachment 
point

∟ Ridge
Forced by SE and Flow 
Separation Varies Streamwise Bank-Attached Varies NA

Scroll bar or levee; generally 
straighter, more linear feature

∟ Riffle Flow Width Expansion Moderate  (< 1) Transverse Channel Spanning Moderate Transverse Bar Sometimes confused with runs

∟ Scroll Bar
Planform & Flow Width 
Expansion Varies Streamwise Bank-Attached Varies NA

Ridge, but positioned on point bar 
and generally curved

∟ Unit Bar Flow Width Expansion Varies Varies Varies Varies NA
The fundamental building block of all 
bars

Key Attributes to Differentiate Specific Morphologies

Also Known As Similar to or Confused With



Tier 1 – On that Riffle

• Not so bad…



EXERCISE : MAP IN CHANNEL & OUT OF CHANNEL

Print this Page



EXERCISE : MAP IN CHANNEL & OUT OF CHANNEL



Tier 2 - Shape

• Just add a verb to tier 1, so it’s a Concave In Channel Unit (i.e.
concavity)

Concave Planar Convex



EXERCISE 4: MAP IN CHANNEL SHAPES (CONCAVITIES 1st, CONVEXITIES 2nd, PLANAR 3rd, TRANSITIONS)

Print this Page



EXERCISE 4: MAP IN CHANNEL SHAPES (CONCAVITIES 1st, CONVEXITIES 2nd, PLANAR 3rd, TRANSITIONS)



Tier 2 - Form

• Key for the riffle… is the thalweg…
• Flow goes up and over (convex), 

through the thalweg (concave)

Bars Riffles Banks/ Avalanche 
Faces
Edges

Plane 
Bed

Chutes Pools

Mound Saddle Wall Plane Trough Bowl

XS Convex Concave NA Planar Concave Concave

LP Convex Convex NA Planar Planar Concave



What is a Thalweg?
• The deepest part of the channel.



EXERCISE 5 – MAP THALWEG

25 cm Contour Interval
Flow is right to left



Lets Look at Some Thalwegs

25 cm Contour Interval
Flow is right to left



Lets open up Thalweg Layer



CHANNEL FORM



TIER 3 - MORPHOLOGY

• d



Key Tier 3 Attributes: Types Description

GU Forcing
Occurs when a non-uniform hydraulic flow pattern creates a flow environment conducive to forcing the formation, 
maintenance or accentuation of a geomorphic unit. 

∟Not Forced The GU forms on its own (e.g. free bars)

∟By Structural Element Forcing can be caused by structural elements (e.g. large woody debris causing a plunge pool or an eddy bar)

∟By Geomorphic Unit Forcing can be caused by another geomorphic unit (e.g. a pool can be forced by a bar)

∟By Planform Forcing can be induced by sinuosity (e.g. flow separation on inside bends leading to point bars)

∟By Flow Width
Forcing is often associated with flow width expansion for depositional units and flow with constriction for erosional units

GU Orientation The orientation is defined by the longest axis of the geomorphic unit and relative to dominant flow direction.

∟Transverse Transverse units are oriented perpendicular to the flow (e.g. riffles)
∟Streamwise Streamwise units are oriented parallel to the flow (e.g. forced pools  are elongated in a streamwise fashion associated 

with the convergent flow jet)
∟Diagonal Diagonal units intersect the channel at an angle and flow is shunted diagonally over them at high flows.

∟Radial DS Some units have lobate shapes (e.g. lobate bars ) which

GU Position Defines the position of the GU within the low-flow channel
∟Bank-Attached Many units are appended to the channel margins (e.g. point bars ); Note 'bank-attached' is common termionology in 

the fluvial literature even though the entire length of all channels are bound by true banks. Channel margins is a more 
generic term, but less common.

∟Channel Spanning Some units are bank-attached on both sides and span the entire low flow channel (e.g. riffles )

∟Mid-Channel Some units are not attached to a channel margin and occur in the center of a channel (e.g. longitudinal bar )

∟Side-Channel For some mapping purposes, it is helpful to differentiate units that only occur in side and/or secondary channels

Low Flow Water Surface Slope

Especially for in-channel, planar units, low flow water surface slope is a helpful way of differentiating across the 
spectrum from low-slope glides, through intermediate slope runs and riffles, through high slope rapids, up to very high 
slope cascades. 

∟Flat Water surface slope = 0

∟Shallow Water surface slope < 0.005

∟Moderate Water surface slope > 0.005 & < 0.03

∟Steep Water surface slope > 0.03

Low Flow Relative Roughness Relative roughness is defined as the ratio of roughness height to flow depth (z0/h).

∟Low Relative roughness < 0.5 (i.e. majority of flow depth not obstructed by substrate)
∟Moderate Relative roughness between 0.5 and 1 (i.e. majority of flow depth obstructed by substrate, but substrate not 

protruding from water surface)
∟High Relative roughness > 1 (i.e. particles protruding from water surface)

∟Very High Relative roughness >> 1 (i.e. flow depth is negligible relative to massive boulders protruding from water surface)



Tier 1 Tier 2 Tier 3
Stage Height Shape/Type Specific Morphology

GU Forcing Low Flow Relative 
Roughness

GU Orientation GU Position Low Flow Water 
Surface Slope

In-Channel
∟ Convexity (e.g. bar)

∟ Backwater Bar Grade Control Varies Varies Side Channel Varies Slackwater deposit

Similar to other bars but found in 
disconnected side channels or 
secondary channels

∟ Boulder Bar Flow Width Varies Streamwise
Bank-Attached or 
Mid-Channel Varies Boulder Berm

Similar to other bars, but in much 
higher gradient systems.

∟ Compound Bar Varies Varies Varies Varies Varies Bar complex

An amalgamation of multiple unit 
bars and other bar types (complex 
history)

∟ Confluence Bar Grade Control Varies
Radial DS & 
Streamwise Bank-Attached Varies NA

Expansion bar, except in response 
to gradient drop from tributary to 
mainstem.

∟ Diagonal Bar
Planform & Flow Width 
Expansion Varies Diagonal Mid-Channel Varies Mid-Channel Bar

Point bar, but no longer bank-
attached (separated by chute)

∟ Eddy Bar
Planform, SE, and/or Flow 
Width Constriction Varies Streamwise

Bank-Attached or 
Mid-Channel Varies Separation Bar

∟ Expansion Bar Flow Width Varies Transverse Mid-Channel Varies NA

Transverse bar, but in response to 
slope lowering, and does not span 
channel

∟ Forced Bar Varies Varies Streamwise
Bank-Attached or 
Mid-Channel Varies NA Eddy Bar

∟ Forced Riffle Channel Spanning SE Moderate  (< 1) Transverse Channel Spanning Shallow NA

Riffle, but forced by channel 
spanning structural element buried 
in bed

∟ Lateral Bar
By Planform or By Flow 
Width Varies Streamwise Bank-Attached Varies Alternate Bar

Point bars, but can be in bends with 
lower curvature or channels with 
lower sinuosity or straight

∟ Lobate Bar Grade Control Varies Radial DS Mid-Channel Varies Mid-Channel Bar

Similar to other mid-channel bars 
but distinctive in DS tear-dropped 
shape and avalanche faces

∟ Longitudinal Bar Flow Width Varies Moderate  (< 1) Mid-Channel Varies Mid-Channel Bar

Similar to other mid-channel bars 
but distinctive in elongated 
streamwise orientation and 
upstream convexity at bar head

∟ Point Bar Planform forced Varies Streamwise Bank-Attached Varies Bank-Attached Bar
Alternate bars, but in bends with 
higher curvature

∟ Reattachment Bar Varies Varies Streamwise Bank-Attached Varies NA

Eddy Bar, but occurs DS of both 
flow separation and reattachment 
point

∟ Ridge
Forced by SE and Flow 
Separation Varies Streamwise Bank-Attached Varies NA

Scroll bar or levee; generally 
straighter, more linear feature

∟ Riffle Flow Width Expansion Moderate  (< 1) Transverse Channel Spanning Moderate Transverse Bar Sometimes confused with runs

∟ Scroll Bar
Planform & Flow Width 
Expansion Varies Streamwise Bank-Attached Varies NA

Ridge, but positioned on point bar 
and generally curved

∟ Unit Bar Flow Width Expansion Varies Varies Varies Varies NA
The fundamental building block of all 
bars

Key Attributes to Differentiate Specific Morphologies

Also Known As Similar to or Confused With







Here’s a map of the valley setting for a detailed reach

Anthropogenic 
- Road





• Plane bed dominated (rapids & runs)
• Starved of wood..
• Limited interaction with floodplain



Adding P.A.L.S. (Wood)











How do we map GU’s across valley & reach scales?



GUT – Geomorphic Unit Toolkit
Inputs:
• DEM (raster)
• Thalwegs (polyline)
• Centerlines (bankfull & low flow channel) polyline
• Waters Edge (low flow) polygon
• Bankfull polygon

Output:
Tier 1, Tier 2, Tier 3 Geomorphic Units

https://riverscapes.github.io/pyGUT/

https://riverscapes.github.io/pyGUT/


TIER 1: Valley & Flow Units

Bangen et al. (2017): DOI: 
10.13140/RG.2.2.31118.66884Bangen et al. (2017): DOI: 

10.13140/RG.2.2.31118.66884

http://dx.doi.org/10.13140/RG.2.2.31118.66884
http://dx.doi.org/10.13140/RG.2.2.31118.66884


Tier 2: Unit Shape & Form: Evidence

Bangen et al. (2017): DOI: 
10.13140/RG.2.2.31118.66884

http://dx.doi.org/10.13140/RG.2.2.31118.66884


TIER 2: UNIT SHAPE & FORM WORKFLOW

Bangen et al. (2017): DOI: 
10.13140/RG.2.2.31118.66884

http://dx.doi.org/10.13140/RG.2.2.31118.66884


TIER 3: GU’s 
& SUB-GU’s

Bangen et al. (2017): DOI: 
10.13140/RG.2.2.31118.66884

http://dx.doi.org/10.13140/RG.2.2.31118.66884


GUT – OUTPUTS FOR LOGAN RIVER



Geomorphology  & Habitat

I. Reach Types
II. Building Blocks

I. Margins (entry into Valley Setting)
II. Geomorphic Units
III. Structural Elements

III. Habitat



Structural Element 
Definition
• A structural element is a 

discrete object that directly 
influences hydraulics

• Structural elements produce:
• Flow separation points
• Flow seams
• Shear zones 
• Reattachment point or zone

• Help predict zones of erosion, 
deposition, margins and ‘forced’ 
geomorphic units

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


Differentiating Structural Elements
• Helps predict its:

• Hydraulic influence
• geomorphic 

influence

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


Key Attributes of Structural Elements



Many Flavors of Structural Elements… 



Fluvial Taxonomy Take Aways
• Fluvial taxonomy framework does provide some clarification and 

promote consistency
• Provides basis for the legends of geomorphic maps:

• Margins – controls planform, lateral adjustment potential and steering of 
flow

• Structural Elements – direct impact on hydraulics
• Geomorphic Units – building blocks of riverscape

• Clearer definitions give rise to:
• Stronger basis for predicting process from form
• Better chance of developing algorithms and tools for deriving from 

topographic data – i.e. GUT
• More coherent theory about how rivers work

• Stay tuned for more geomorph trivia at a bar near you



DIAGONAL BAR Tangent
• Diagonal bars are a mid-channel bar that starts out as a bank-attached 

point bar, but then becomes mid-channel via the process of chute 
cutoff… 

• Their name describes flow across them (@ higher stages), which flows 
diagonally from a higher anabranch to a lower anabranch



Tier 3 – Morphology of Diagonal Bars

• d



How do these differ from other mid channel bars?

• Flow in anabranches 
on both sides is not 
symmetrical

• Occur over much more 
diverse range of valley 
settings, confinement 
and reach types

• Start their life as bank-
attached deposits 



Keys To Identifying Diagonal Bars
1. Identify ‘inside bend’ of flow
2. Identify the flow separation 

point.
3. Trace a high-stage flow seam 

to a reattachment zone
4. Identify the ‘mid-channel’ bar 

within the shear zone (i.e. is it 
separated by a chute cutoff 
along inside channel margin)

5. Confirm flow is diagonal across 
bar from ‘high’ to ‘low’ 
anabranch at higher stages.

Mid-Channel Bar

Chute cutoff



We propose six potential phases of diagonal bar 
evolution:



Identify Bar, & Stages 



Identify Bar, & Stages 
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