
WATS 5150 – Fluvial Geomorphology

Sediment Flux @ Catchment Scale



Housekeeping
• Projects: Due Friday, April 30 @ Midnight

• Please come to office hours Wednesday if you need any help on your projects 
• Post questions 

• Grades: End of next week
• Can I share your websites with future classes? 
• Feedback on Class

• Please take the IDEA survey (we do make changes based on them)
• If you have suggestions for ways to improve the class in future, please get in touch
• What about an overnight float trip next time?
• Spring or Fall?

• Today’s Plan
• Fun from Saturday
• Chapter 14 – Whole Afternoon (sorry)
• Quick Synthesis

• Follow Ups
• Lots of Classes
• Just keep reading those landscapes!



Get Ready… 
• Start ArcGIS now
• Download from:
• http://gcd.riverscapes.xyz/Tutorials/Geomorphic

Interpretation/morphological-approach.html

http://gcd.riverscapes.xyz/Tutorials/GeomorphicInterpretation/morphological-approach.html


Lots of Follow Up Courses @ USU

Figure from: Fryirs & Brierley (2013) - ISBN: 978-1-118-30544-7 

• WATS 4490/6490 Watershed Hyd.
• WATS 6050 – Aq Ecocsystems / 

Water Resources Modeling
• CEE 3430 – Eng. Hydrology
• CEE 5450 – Hydrologic Modeling

• WATS 4490/6490 Watershed 
Hydrology

• CEE 3430 – Eng. Hydrology
• CEE 55

Hydraulics
(vel & depth)

• CEE 5470 – Sedimentation Engineering
• WATS 6900 – Sediment Transport in 

Stream Assessment & Design
• WATS 6850 – Geomrophic Change 

Detection
• GEO 6800 – OSL Short Course
• GEO 6900 – Fluvial Geomoprh Seminar • WATS 5620-5625 – LTPBR Series

• WATS 5300 – Principles of Aquatic Ecosystem 
Restoration

• WATS 5330 – Large River Management
• WATS 5340-5350 – MRAE Capstone
• WATS 6310 – Wetland Ecology & Management
• WATS 6700 – Restoration Ecology

• CEE 6740 – Water Quality 
Modelling

• WATS 4530/6530 – Water 
Quality and Pollution

• WATS  6900 – Sed Transport w/ Open 
Channel Flow

• CEE 3500 – Fluid Mechanics
• CEE 3510 – Eng. Hydraulics• WATS 5200 - Fish Habitats

• WATS 5310 – Wetland & Riparian Ecology
• WATS 6840 - Ecohydraulics
• WATS 6230 – Fish Ecology
• WATS 6860 – Beaver Restoration

• ENVS 6320  - Water Law & Policy
• ENVS 6530 – Natural Resources 

Administration
• ENVS 4110 – Fisheries & Wildlife 

Policy & Administration



LTPBR Website http://lowtechpbr.restoration.usu.edu

Find:
• Design Manual
• Pocket Guide
• Other Resources
• Workshop Slides
• Links/Videos/ 

Literature

http://lowtechpbr.restoration.usu.edu/


We offer University Courses (Spring)

For Professional CEU Credit or University Credit: http://lowtechpbr.restoration.usu.edu/workshops/uni

We also offer: 
• Graduate Restoration 

Certificate
• BS in Management, 

Restoration of Aquatic 
Ecosystems / Fisheries

• +1 MoER - Masters of 
Ecological Restoration

• Many other short 
courses

http://lowtechpbr.restoration.usu.edu/workshops/uni


More in-Depth, FREE, Self-Paced Modules

All Free! http://lowtechpbr.restoration.usu.edu/resources/Topics/

http://lowtechpbr.restoration.usu.edu/resources/Topics/


Thanks to our Awesome 
Fluvial Volunteers on 
Saturday!

https://photos.app.goo.gl/EZ8xnKEveNrLkeWr9

https://photos.app.goo.gl/EZ8xnKEveNrLkeWr9
https://photos.app.goo.gl/98X5NtGVBw4YEpAd8


Chapter 14
Sediment Flux @ 
Catchment Scale

A good synthesis chapter



Reading for this Module
• Chapter 14: Sediment flux at the 

catchment scale: source-to-sink 
relationships

• 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=313


Get Global Flux Out of Way



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Global Distribution of Mean Annual Discharge (Q)

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


Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Global Distribution of Seasonal Flow Variability

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


Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Global Distribution of Suspended Sediment Load (Qs)

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


Okay… Back to a 
Catchment / System Scale



Landscape Evolution to Start



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Timeframes of Sediment (re)Generation

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


Sediment Budgets
Everyone’s doing them 

(or talking about them at least)



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Sediment Budget Diagrams

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


Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Constructing a 
Sediment Budget

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


Sediment Budget Terms from DoDs
Fluvial Geomorphic 
Processes _____ Topography

• Erosion
• Transport
• Deposition
• Storage

Deposition 
(+ z)

Storage
=z

Erosion
(- z)

Transport

Shape

Reflect



Recall: Aggradation vs. 
Degradation
• Net erosion vs. Net Deposition
• Not necessary to “isolate” the 

bed (more generically, this is a 
topography change)

• Talk about “localized” changes in 
bed material availability (supply) 
and sediment transport flux

• Don’t talk about localized 
hydraulics

• Part of problem with “net” is 
whether this is at a point /cell or 
over a larger control volume (i.e.
riverscape segment / reach of 
bed)



Recall What is difference between net 
change, total change sums & net total?

• Net change (@ x,y), is inferred from the net result 
(after – before; 𝜕𝜕𝑧𝑧

𝜕𝜕𝑡𝑡
= 𝑧𝑧𝑡𝑡𝑡 − 𝑧𝑧𝑡𝑡𝑡)

• Total change sums (∑𝑉𝑉) all the erosion and 
deposition over the Δt duration between surveys.

• Net (e.g. reach) Total is difference of total change 
sums (∆𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷 = ∑𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷 − ∑𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸)
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We’ll Do This
• Start ArcGIS now
• Download from:
• http://gcd.riverscapes.xyz/Tutorials/Geomorphic

Interpretation/morphological-approach.html

http://gcd.riverscapes.xyz/Tutorials/GeomorphicInterpretation/morphological-approach.html


WHAT IS THE MORPHOLOGICAL APPROACH?

• Based on the sediment continuity equation (Exner’s, 1925);

• Original approach (early XX century!) related to bed material
discharge explicitly to the celerity bedforms (Wittmann, 1927 and
Hubell, 1964);

• Application of the morphometric method (after Ashmore and
Church, 1989) implies repeat measurements of channel
topography;

• … an inverse-solution to estimating bed material transport, in
contrast to direct measurements and hydraulically-based
predictions of sediment transport ...



Prerequisites To Morphological Approach

• Three main data 
components are 
required to solve it

• Methods in each 
component can be 
diverse

• These methods have 
been evolved; more 
advances in 
topographic changes

FEEDING THE MORPHOLOGICAL 
APPROACH: PRIMARY DATA 

TOPOGRAPHIC CHANGES
• PLANFORM DATA 
• SCOUR-CHAINS
• CROSS-SECTIONS (1D)
• DIGITAL ELEVATION MODELS (2D)
• POINT CLOUDS (2.5D)

REFERENCE SEDIMENT FLUX
• BEDLOAD MEASUREMENTS
• ZERO TRANSPORT ASSUMPTION
• BEDLOAD FORMULAE 

PARTICLE STEP-LENGTHS
• TRACERS
• LOCI OF EROSION/SEDIMENTATION
• EROSIONAL/DEPOSITIONAL FEATURES



The Basics: Two Way To Solve It

𝑄𝑄𝑏𝑏𝑖𝑖𝑖𝑖 − 𝑄𝑄𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜 ∆𝑡𝑡 = 1 − 𝑝𝑝 ∆𝑉𝑉

𝑄𝑄𝑏𝑏 = ⁄𝑣𝑣𝑏𝑏𝛴𝛴𝑉𝑉𝑒𝑒 1 − 𝑝𝑝 𝜌𝜌𝑠𝑠 𝐿𝐿𝑐𝑐

• Budgeting

• Flux in/out
• Porosity
• Volumetric changes

• Step length

• Virtual velocity (L/T; step leght/time)
• Erosion
• Porosity
• Density
• Streamwise channel length



Budgeting 𝑄𝑄𝑏𝑏𝑖𝑖𝑖𝑖 − 𝑄𝑄𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜 ∆𝑡𝑡 = 1 − 𝑝𝑝 ∆𝑉𝑉

(1) Discretize the study-reach
into a streamwise series of
sub-reaches

(2) Qbout from a section i is the
same Qbin next section i+1

(3) Assume a zero-flux
boundary into a net
erosional reach form a net
depositional (or
compensated) reach

(4) Back calculate Qb in/out
(lower-bound estimates)

Transport Rate from DoD

Sub-Reach 1

Sub-Reach 2

Sub-Reach 3

Sub-Reach 4

Qbout-r2 = Qbin-r3 

∆𝑽𝑽 = −

∆𝑽𝑽 → 𝟎𝟎

Sub-Reach 1

Sub-Reach 2

Sub-Reach 3

Sub-Reach 4

𝑸𝑸𝒃𝒃𝒐𝒐𝒐𝒐𝒐𝒐

𝑸𝑸𝒃𝒃𝒊𝒊𝒊𝒊

= 𝟎𝟎 =



Budgeting

Best estimate of  
gross reach-scale 
sediment budget 

Where in the reach 
is contributing the 
most?

𝑄𝑄𝑏𝑏𝑖𝑖𝑖𝑖 − 𝑄𝑄𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜 ∆𝑡𝑡 = 1 − 𝑝𝑝 ∆𝑉𝑉



EXERCISE O- PART 1A:   PERFORM BUDGET SEGREGATION

1. In new project as C, perform another change 
detection at 2σ (i.e. 95%)

2. Now perform a budget segregation using 
sub-reach mask shapefile→

3. Explore results… look at longitudinal 
variation…

C:\0_GCD\Excercises\O_MorphologicalApproach



What you actually get of use from a
DoD directly is ΣVD and ΣVE

What terms are you getting?



How do ΣVD and ΣVE

relate to fluxes Vin &
Vout?

Morphological Approach



The Morphological Sediment Budget

 The only term from
HRT in a sediment
budget is ΔVDoD

 ΔVDoD is derived from
two uncertain
quantities: ΣVD ±δD
and ΣVE ±δE

 Thus,
 𝛿𝛿𝐷𝐷𝐷𝐷𝐷𝐷 = 𝛿𝛿𝐸𝐸 + 𝛿𝛿𝐷𝐷



Estimating Bed Material Fluxes

𝑄𝑄𝑏𝑏𝑖𝑖𝑖𝑖 − 𝑄𝑄𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜 ∆𝑡𝑡 = 1 − 𝑝𝑝 ∆𝑉𝑉

• Budgeting

• Flux in/out
• Porosity
• Volumetric changes



The River Rees
1. Start with DoD
2. Break up into sub-reaches
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The River Rees

1. Start with DoD
2. Break up into sub-reaches
3. Using DoD, calculate ΔVDoD

for each sub-reach
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The River Rees

1. Start with DoD
2. Break up into sub-reaches
3. Using DoD, calculate ΔVDoD for

each sub-reach
4. Choose a no flux boundary at

outlet of one of sub-reaches
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The River Rees

1. Start with DoD
2. Break up into sub-reaches
3. Using DoD, calculate ΔVDoD

for each sub-reach
4. Choose a no flux boundary at

outlet of one of sub-reaches
5. Back out the minimum flux

Vin to support that no flux
boundary

S
E

D
IM

E
N

T 
B

U
D

G
E

TI
N

G



The River Rees

1. Start with DoD
2. Break up into sub-

reaches
3. Using DoD, calculate

ΔVDoD for each sub-reach
4. Choose a no flux

boundary at outlet of one
of sub-reaches

5. Back out the minimum
flux Vin to support that no
flux boundary

6. Propagate through each
sub-reach to get Vout
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The River Rees

1. Start with DoD
2. Break up into sub-reaches
3. Using DoD, calculate ΔVDoD

for each sub-reach
4. Choose a no flux boundary

at outlet of one of sub-
reaches

5. Back out the minimum flux
Vin to support that no flux
boundary

6. Propagate through each
sub-reach to get Vout

7. Using duration, convert Vout
to rate to get Qb

S
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D
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E
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B

U
D

G
E
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N
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EXERCISE D- PART 1B:   MORPHOLOGICAL APPROACH

1. Use results to populate spreadsheet (Budget) 
and calculate Vout

2. Use event duration to back out a QB

C:\0_GCD\Excercises\O_MorphologicalApproach



• Longitudinal patterns and
transfer between reaches.

• All this without actually
having any reference flux
measurement.

• This is only a minimum flux.
• Better if you have an actual

reference flux at one point.
• Choosing a site with a real

zero flux boundary can help
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THE RIVER REES



Key Sediment Flux 
Concepts



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Conceptualization of 
Controls on Sediment Flux

• Hmmm… 

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


Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Hillslope-Channel 
Coupling
(Connectivity)

Phrases like:
• Tightly coupled
• Weakly coupled
• Decoupled

All just proxies for degree of
connectivity

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


Buffers

• A buffer disrupts
longitudinal and 
lateral linkages, 
preventing sediment 
from entering a 
channel

• Geomorphic units 
like:

• Valley bottom 
swamps (a)

• Alluvial fans (b)
• Trapped tributaries 

(c)
• Open alluvial plains 

(d)



Barriers

• A barrier impedes
downstream 
conveyance of 
sediment already in 
the network

• Geomorphic units 
like:

• Sediment slugs (e)
• Dams (f)



Blankets

• A blanket disrupts vertical linkages by smothering (protecting) deposits and 
landforms.

• Geomorphic units like:
• Floodplain sediment sheet (f)
• Planar channel deposits of fines (g)

• Mechanisms like filling intensities with fines or vegetation



They Collectively Lead to 

• Longer residence time of
sediment

• Greater sediment storage (i.e.
depositional geomorphic units) 
manifested in RIVERSCAPES!

• Inefficient conveyance of mass 
water and sediment! 



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Sensitivity to 
Disturbance

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


Managing Riverscapes for Resilience of 
______, water, wildlife, working lands?

What is resilience?

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



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Landslides & Tributary Impacts on Trunks
• How big is big?

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


Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Buffers, Barriers and Blankets

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


Riverscapes span the 
network across a watershed

Riverscapes are the part of the landscape 
(connected network) that could plausibly 
flood by their rivers & streams in the 
contemporary natural flow regime.
… Includes riparian floodplains & wetlands!

Riverscape (laterally) ≈ valley bottom

“Riparian” only makes up 2% to 4% of most landscapes today…
But its potential (valley bottoms) make up 5% to 10% of most landscapes.



We forgot what valley bottoms 
could be & that STAGE 0 was 

NOT an anomaly! 

Adapted from Figure 1.7 (p 36) of Shahverdian et al. (2019) –
Chapter 1 LTPBR Manual DOI: 10.13140/RG.2.2.14138.03529

From: Cluer & Throne (2013) 
DOI: 10.1002/rra.2631

Stage 0 or 8
Anastomosing

http://dx.doi.org/10.13140/RG.2.2.14138.03529
http://dx.doi.org/10.1002/rra.2631


Helping us articulate messy!

STAGE 0 ~ A MESS

Photo credit: © Johan Hogervorst

Photo credit: © Brian CluerMark Beardsley



What constitutes a healthy riverscape?

From pages 3-4 of Pocket Guide; Wheaton et al. (2019) 
DOI: 10.13140/RG.2.2.28222.13123/1

See Wheaton et al. (2019, p 60): Chapter 2 LTPBR Manual for Principles
DOI: 10.13140/RG.2.2.34270.69447

Riverscapes Principles

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


Which one wins race?
Efficient or Inefficient?

Adapted from figure 2.3 from Wheaton et al. 
(2019, p 62)

Chapter 2 LTPBR Manual for Principles
DOI: 10.13140/RG.2.2.34270.69447

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


How Does Flow Change With Dams?

• i.e. – What about 
slowing the water 
down? Could that 
help?

Flow In

Flow Out



Structural forcing produced most of these wetlands

• Diverse flow types buy greater proportion inundation



How common?
• On average increase of riverscape inundation from 

7%  to 23% of valley bottom at same baseflow



Habitat quality matters, but 
quantity matters more to fish
& The Water Magic Trick
• Restoration using BDAs & 

beaver as restoration agent 
produced a population level 
increase in density, survival 
and production of ESA listed 
salmon



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Contrasting (dis)Connectivity 

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


Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Contrasting (dis)Connectivity 

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


Sediment Connectivity























Monitoring Sediment Flux



From Simone Bizzi



From Simoni Bizzi
http://cascade.deib.polimi.it/

We can measure this stuff at multiple spatio-
temporal scales

http://cascade.deib.polimi.it/


From Simoni Bizzi
http://cascade.deib.polimi.it/

Becoming Increasingly Cost-Effective

http://cascade.deib.polimi.it/


From Simoni Bizzi
http://cascade.deib.polimi.it/

Your Building Blocks – Gus… through time

http://cascade.deib.polimi.it/


From Simoni Bizzi
http://cascade.deib.polimi.it/

Temporal Time Series of Tier 1 GUs

http://cascade.deib.polimi.it/


From Simoni Bizzi
http://cascade.deib.polimi.it/

Capturing Flow Dynamics

http://cascade.deib.polimi.it/


From Simoni Bizzi
http://cascade.deib.polimi.it/

For Bigger Rivers… 

http://cascade.deib.polimi.it/


From Simoni Bizzi
http://cascade.deib.polimi.it/

http://cascade.deib.polimi.it/


From Simoni Bizzi
http://cascade.deib.polimi.it/

Modeling Sediment Routing

http://cascade.deib.polimi.it/


http://cascade.
deib.polimi.it/

http://cascade.deib.polimi.it/


A Couple Cool Modeling 
Applications



CASCADE Toolbox Animation

https://youtu.be/S_EYxK4tRlc

https://youtu.be/S_EYxK4tRlc




Conceptual Framework of Bed-Material Sediment 
Dynamics across a River Network DOI: 10.1002/2016JF003965

https://doi.org/10.1002/2016JF003965


Czuba, Foufoula-Georgiou, Gran, 
Belmont & Wilcock (2017)

DOI: 10.1002/2016JF003965

Greater Blue Earth Study Site

https://doi.org/10.1002/2016JF003965


Czuba, Foufoula-Georgiou, Gran, 
Belmont & Wilcock (2017)

DOI: 10.1002/2016JF003965

Sources: Riverscape, Bluffs and Ravines

https://doi.org/10.1002/2016JF003965


Czuba, Foufoula-Georgiou, Gran, 
Belmont & Wilcock (2017)

DOI: 10.1002/2016JF003965

Partitioning of Sediment Supply Sources

https://doi.org/10.1002/2016JF003965


Czuba, Foufoula-Georgiou, Gran, 
Belmont & Wilcock (2017)

DOI: 10.1002/2016JF003965

Simulating “Bed 
Thickness”  
Through Time

https://doi.org/10.1002/2016JF003965


Czuba, Foufoula-Georgiou, Gran, 
Belmont & Wilcock (2017)

DOI: 10.1002/2016JF003965

https://doi.org/10.1002/2016JF003965


Synthesis of the Class



Organization of 
Class Mirrored 
Book

• Modules ~ Chapters



Riverscapes span the 
network across a watershed

Riverscapes are the part of the 
landscape that could plausibly 
flood by their rivers & streams in 
the natural flow regime.



Reading your riverscape… to look for opportunities

From page 9 of Pocket Guide; Wheaton et al. (2019) 
DOI: 10.13140/RG.2.2.28222.13123/1

Where are their mesic/riparian restoration 
opportunities? 

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


From page 10 of Pocket Guide; Wheaton et al. (2019) 
DOI: 10.13140/RG.2.2.28222.13123/1

Contrasting Valley Settings Define Reach Breaks

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


Reading 
Riverscapes

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





Thanks for Being 
an Awesome, Patient, & 

Engaging Class
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