
Geomorphic Unit Toolkit  

 

2015 CHaMP Camp ς Advanced Workshop 
Cove, Oregon ς June 4th 2015 

Presenters: 

Joe Wheaton (USU) 
Phillip Bailley 
       



THREE PRIMARY MOTIVATIONS 
1. Geomorphic Units comprise 

fish habitat -> Build stronger 
fish habitat relationships 

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

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

 

 
Figure from: Brierley & Fryirs (2005) 



IN CHaMP, CREWS TAUGHT HOW TO PAINT 

Å!ǎ ǎǳǊǾŜȅƻǊǎΣ ǘƘŜȅ ŀǊŜ ŀǊǘƛǎǘǎΧ ǇŀƛƴǘƛƴƎ ŀ 
quantitative picture of habitat with topography 

 



CHANNEL UNITS & CREW VARIABILITY 

Comparing Simple vs Complex Sites 

Take home: A lot of crew variability  

From Bangen (2012) 



HYDRAULICALLY INFORMED MUs 
Å2D Hydraulic classification to 

determine morphological units 

 

 

 

 

 

 

 

ÅSee Wyrick & Pasternack (2014) 
Geomorphology 
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GEOMORPHIC UNIT DEFINITION 
ÅA geomorphic unit is a landform that is a byproduct of 

erosion and deposition of sediment 

ÅFluvial geomorphic units are the result of fluvial (by 
water) erosion and deposition 

 
For mapping purposes: 
ÅD¦Ωǎ ŀǊŜ ǎǇŀǘƛŀƭƭȅ Ŏƻƴǘƛƴǳƻǳǎ ŀǊŜŀǎ ǘƘŀǘ Ŏŀƴ ōŜ 

topographically defined 
ÅD¦Ωǎ Ŏŀƴ ōŜ ǊŜǇǊŜǎŜƴǘŜŘ ƻƴ ŀ ŎŜƭƭ-by-cell basis by 

probabilistic or fuzzy membership in a class (e.g. probability 
of being a bar) 
ÅD¦Ωǎ ŀǊŜ ƻŦǘŜƴ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ǇƻƭȅƎƻƴǎ 



TAXONOMY FOR 
MAPPING FLUVIAL 
LANDFORMS 
ÅFour Tiers 
ÅStage Height 
ÅShape 
ÅMorphology 
ÅRoughness/Vegetation 

ÅOver 95 fluvial 
geomorphic units found 
in literature, of which 
70 are distinctive 

ÅClearer, topographically 
based defintions 

Wheaton et al. (Accepted) - Geomorphology 



TIER 1 ς STAGE HEIGHT -> LEADS TO 
GEOMORPHIC MAP 

ÅThe building blocks of a Valley? 

                           vs. 

ÅThe building blocks of a Valley 
Bottom? 

Wheaton et al. (Accepted) - Geomorphology 



TIER 1 APPLIED 

ÅContrasting valley settings 
show different 
distributions of tier 1 
ƎŜƻƳƻǊǇƘƛŎ ¦ƴƛǘǎΧ 

 

Wheaton et al. (Accepted) - Geomorphology 



TIER 2 - SHAPE 

Åd 



TIER 2 APPLIED 

Wheaton et al. (Accepted) - Geomorphology 



TIER 3 - MORPHOLOGY 

Åd 



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. 

žNot ForcedThe GU forms on its own (e.g. free bars)

žBy Structural ElementForcing can be caused by structural elements (e.g. large woody debris causing a plunge pool or an eddy bar)

žBy Geomorphic UnitForcing can be caused by another geomorphic unit (e.g. a pool can be forced by a bar)

žBy PlanformForcing can be induced by sinuosity (e.g. flow separation on inside bends leading to point bars)

žBy 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.

žTransverseTransverse units are oriented perpendicular to the flow (e.g. riffles)

žStreamwiseStreamwise units are oriented parallel to the flow (e.g. forced pools are elongated in a streamwise fashion associated 

with the convergent flow jet)

žDiagonal Diagonal units intersect the channel at an angle and flow is shunted diagonally over them at high flows.

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

GU Position Defines the position of the GU within the low-flow channel

žBank-AttachedMany 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.

žChannel SpanningSome units are bank-attached on both sides and span the entire low flow channel (e.g. riffles)

žMid-ChannelSome units are not attached to a channel margin and occur in the center of a channel (e.g. longitudinal bar)

žSide-ChannelFor 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. 

žFlat Water surface slope = 0

žShallow Water surface slope < 0.005

žModerate Water surface slope > 0.005 & < 0.03

žSteep Water surface slope > 0.03

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

žLow Relative roughness < 0.5 (i.e. majority of flow depth not obstructed by substrate)

žModerate Relative roughness between 0.5 and 1 (i.e. majority of flow depth obstructed by substrate, but substrate not 

protruding from water surface)

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

žVery 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

Ž Planar

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

Ledge, but depositional feature; 

Terrace, but within active bankfull 

channel

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

Bench, but erosional feature; 

Terrace, but within active bankfull 

channel

Ž Glide Not Forced Low (< 0.5) Streamwise Varies Shallow NA

Run, but much lower gradient water 

surface and low relative roughness

Ž Run Not Forced Moderate  (< 1) Streamwise Varies

Shallow to 

Moderate NA

Sometimes confused with riffles or 

glides

Ž Rapid Varies High (> 1) Streamwise Varies Moderate to SteepNA

Cascade, but less relative 

roughness and lacking vertical 

drops

Ž 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

Ž Concavity (e.g. Pool)

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

Similar to other pools but found in 

disconnected side channels or 

secondary channels

Ž 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

Ž Beaver Pond

Grade Control from Beaver 

Dam SE Low (< 0.5) Streamwise Channel SpanningFlat Beaver Pool

A specific example of a dammed 

pool

Ž 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

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

Ž Dammed Pool DS Grade Control from SELow (< 0.5) Streamwise Channel SpanningShallow NA

Beaver pond, but forcing SE can be 

any channel spanning obstruction. 

Also confused with the upstream 

pool in a step pool

Ž Plunge Pool US Grade Control from SELow (< 0.5) Transverse Varies Flat Scour Pool

Ž Ramp Planform Varies Varies NA

Ž Return Channel Forced by Eddy Bar Varies Streamwise Bank-Attached Varies NA

Chute, but flow is upstream in 

association with eddy

Ž 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

Ž Secondary Channel Planform Varies Streamwise

Mid-Bankfull 

Channel Varies NA

Anabranch or Secondary Channel, 

except that area separating 

secondary and primary channel is 

< bankfull

Ž 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

žConcavities12 12 1 1 1 27

žConvexities18 5 0 3 1 27

žPlanar 6 5 2 0 1 14

Tier 3 Subtotal: 36 22 3 4 3 68

Tier 3:

FILTERING THROUGH TAXONOMY 

ÅtǊƛƻǊ ǘƻ ¢ƛŜǊǎΧ ŎƻǳƭŘ ōŜ ƻƴŜ ƻŦ су 

ÅϪ ¢ƛŜǊ мΣ ƪƴƻǿƛƴƎ LΩƳ ƛƴ ŎƘŀƴƴŜƭΣ ƻƴŜ ƻŦ ос 

ÅϪ ¢ƛŜǊ нΣ ƪƴƻǿƛƴƎ LΩƳ ŀ ŎƻƴŎŀǾƛǘȅΣ ƻƴŜ ƻŦ мн 

ÅϪ ¢ƛŜǊ оΣ ƪƴƻǿƛƴƎ LΩƳ ŦƻǊŎŜŘΣ ƻƴŜ ƻŦ  



TIER 3 APPLIED 

Wheaton et al. (Accepted) - Geomorphology 



ASSEMBLAGES 
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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

Ž Convexity (e.g. bar)

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

Similar to other bars but found in 

disconnected side channels or 

secondary channels

Ž Boulder Bar Flow Width Varies Streamwise

Bank-Attached or 

Mid-Channel Varies Boulder Berm

Similar to other bars, but in much 

higher gradient systems.

Ž Compound Bar Varies Varies Varies Varies Varies Bar complex

An amalgamation of multiple unit 

bars and other bar types (complex 

history)

Ž Confluence Bar Grade Control Varies

Radial DS & 

Streamwise Bank-Attached Varies NA

Expansion bar, except in response 

to gradient drop from tributary to 

mainstem.

Ž Diagonal Bar

Planform & Flow Width 

Expansion Varies Diagonal Mid-Channel Varies Mid-Channel Bar

Point bar, but no longer bank-

attached (separated by chute)

Ž Eddy Bar

Planform, SE, and/or Flow 

Width Constriction Varies Streamwise

Bank-Attached or 

Mid-Channel Varies Separation Bar

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

Transverse bar, but in response to 

slope lowering, and does not span 

channel

Ž Forced Bar Varies Varies Streamwise

Bank-Attached or 

Mid-Channel Varies NA Eddy Bar

Ž Forced Riffle Channel Spanning SE Moderate  (< 1) Transverse Channel SpanningShallow NA

Riffle, but forced by channel 

spanning structural element buried 

in bed

Ž 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

Ž 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

Ž 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

Ž Point Bar Planform forced Varies Streamwise Bank-Attached Varies Bank-Attached Bar

Alternate bars, but in bends with 

higher curvature

Ž Reattachment Bar Varies Varies Streamwise Bank-Attached Varies NA

Eddy Bar, but occurs DS of both 

flow separation and reattachment 

point

Ž Ridge

Forced by SE and Flow 

Separation Varies Streamwise Bank-Attached Varies NA

Scroll bar or levee; generally 

straighter, more linear feature

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

Ž Scroll Bar

Planform & Flow Width 

Expansion Varies Streamwise Bank-Attached Varies NA

Ridge, but positioned on point bar 

and generally curved

Ž 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 ς ON THAT RIFFLE 

Åbƻǘ ǎƻ ōŀŘΧ 



TIER 2 - SHAPE 

ÅWǳǎǘ ŀŘŘ ŀ ǾŜǊō ǘƻ ǘƛŜǊ мΣ ǎƻ ƛǘΩǎ ŀ /ƻƴŎŀǾŜ Lƴ /ƘŀƴƴŜƭ ¦ƴƛǘ όƛΦŜΦ 
concavity) 

              Concave  Planar   Convex 



TIER 3 - MORPHOLOGY 

Åd 



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. 

žNot ForcedThe GU forms on its own (e.g. free bars)

žBy Structural ElementForcing can be caused by structural elements (e.g. large woody debris causing a plunge pool or an eddy bar)

žBy Geomorphic UnitForcing can be caused by another geomorphic unit (e.g. a pool can be forced by a bar)

žBy PlanformForcing can be induced by sinuosity (e.g. flow separation on inside bends leading to point bars)

žBy 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.

žTransverseTransverse units are oriented perpendicular to the flow (e.g. riffles)

žStreamwiseStreamwise units are oriented parallel to the flow (e.g. forced pools are elongated in a streamwise fashion associated 

with the convergent flow jet)

žDiagonal Diagonal units intersect the channel at an angle and flow is shunted diagonally over them at high flows.

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

GU Position Defines the position of the GU within the low-flow channel

žBank-AttachedMany 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.

žChannel SpanningSome units are bank-attached on both sides and span the entire low flow channel (e.g. riffles)

žMid-ChannelSome units are not attached to a channel margin and occur in the center of a channel (e.g. longitudinal bar)

žSide-ChannelFor 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. 

žFlat Water surface slope = 0

žShallow Water surface slope < 0.005

žModerate Water surface slope > 0.005 & < 0.03

žSteep Water surface slope > 0.03

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

žLow Relative roughness < 0.5 (i.e. majority of flow depth not obstructed by substrate)

žModerate Relative roughness between 0.5 and 1 (i.e. majority of flow depth obstructed by substrate, but substrate not 

protruding from water surface)

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

žVery 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

Ž Convexity (e.g. bar)

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

Similar to other bars but found in 

disconnected side channels or 

secondary channels

Ž Boulder Bar Flow Width Varies Streamwise

Bank-Attached or 

Mid-Channel Varies Boulder Berm

Similar to other bars, but in much 

higher gradient systems.

Ž Compound Bar Varies Varies Varies Varies Varies Bar complex

An amalgamation of multiple unit 

bars and other bar types (complex 

history)

Ž Confluence Bar Grade Control Varies

Radial DS & 

Streamwise Bank-Attached Varies NA

Expansion bar, except in response 

to gradient drop from tributary to 

mainstem.

Ž Diagonal Bar

Planform & Flow Width 

Expansion Varies Diagonal Mid-Channel Varies Mid-Channel Bar

Point bar, but no longer bank-

attached (separated by chute)

Ž Eddy Bar

Planform, SE, and/or Flow 

Width Constriction Varies Streamwise

Bank-Attached or 

Mid-Channel Varies Separation Bar

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

Transverse bar, but in response to 

slope lowering, and does not span 

channel

Ž Forced Bar Varies Varies Streamwise

Bank-Attached or 

Mid-Channel Varies NA Eddy Bar

Ž Forced Riffle Channel Spanning SE Moderate  (< 1) Transverse Channel SpanningShallow NA

Riffle, but forced by channel 

spanning structural element buried 

in bed

Ž 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

Ž 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

Ž 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

Ž Point Bar Planform forced Varies Streamwise Bank-Attached Varies Bank-Attached Bar

Alternate bars, but in bends with 

higher curvature

Ž Reattachment Bar Varies Varies Streamwise Bank-Attached Varies NA

Eddy Bar, but occurs DS of both 

flow separation and reattachment 

point

Ž Ridge

Forced by SE and Flow 

Separation Varies Streamwise Bank-Attached Varies NA

Scroll bar or levee; generally 

straighter, more linear feature

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

Ž Scroll Bar

Planform & Flow Width 

Expansion Varies Streamwise Bank-Attached Varies NA

Ridge, but positioned on point bar 

and generally curved

Ž 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





GUT  
Workflow 



! ƭƛǘǘƭŜ ƳƻǊŜ ΨǳƴŘŜǊ ǘƘŜ ƘƻƻŘΩΥ 



AUTOMATED  
METHODS 

ÅAll CHaMP topographic 
surveys run through the 
RBT 
ÅDeveloping/testing using 

sites we know well 
ÅMake rules scaleable!!  
    (e.g. 10% avg bankfull    
     width NOT 2 m) 
ÅGUTs will be part of RBT 

tool 
 



TOPOGRAPHIC LINES OF EVIDENCE 



¢w!b{Chwa C¦b/¢Lhb{Χ 



TFs TRANSFORM IT TO A PROBABILITY 



COMBINE PROBABILITIES 



REPEAT FOR ALL 
CATEGORIES 



THRESHOLD MEMBERSHIP 


