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▪ In alluvial systems, channelized flow interacts with suspended and bedload sediment

▪ Morphology: the specific shape/form taken by sediment that collects along the channel bed as 
sequences of units

▪ Mobility: the transport/movement and displacement of sediment with the system

Linking mobility to morphology…
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Sediment transport characteristics along alluvial channel bedforms

Chislett et al., 2026

Use sediment displacement data to explain 
the formation criteria of these bedforms, 
establishing a framework that helps 
anticipate morphology development

Response

We already have lots of physical definitions 
of morphologies, but a single type of 
morphology can present itself in a diverse 
array of local conditions

Challenge



Montgomery, D. R., & Buffington, J. M. (1997). Channel-reach morphology in 
mountain drainage basins. Geological Society of America Bulletin, 109(5), 
596–611.
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Dataset: Bedload tracing using RFID tags

▪ Compilation of > 20 years of tracer stone studies by research collaborator Frédéric 
Liébault (Université Grenoble Alpes) and colleagues

▪ Measuring bedload sediment transport is a challenge

Liébault, F., Piégay, H., Cassel, M., & Arnaud, F. (2024). Bedload tracing with 
RFID tags in gravel-bed rivers: Review and meta-analysis after 20 years of 

field and laboratory experiments. ESPL, 49(1), 147–169.
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▪ One commonly used method since the early 2000s 
has been radio frequency identification (RFID) 
tracer stones

▪ A radio antenna (A) is used to detect the location 
of stones that have been previously implanted and 
deployed with a passive integrated transponder tag 
(B). Location of the retrieved stone is then 
surveyed to acquire a total travel distance



Dataset: Bedload tracing using RFID tags

▪ Result of the compilation: > 350 RFID surveys + some magnetic tracers, 
continually being updated whenever new tracer studies are published

Liébault, F., Piégay, H., Cassel, M., & Arnaud, F. (2024). Bedload tracing with 
RFID tags in gravel-bed rivers: Review and meta-analysis after 20 years of 

field and laboratory experiments. ESPL, 49(1), 147–169.
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Mean travel distance, D84, 
specific stream power



The diversity of pool-riffle morphologies

▪ Goal of the paper: provide a quantitative framework 
to differentiate between pool-riffle sites.

▪ Stands as a hypothesis for pool-riffle formation and 
process that dives deeper into site specific nuances

▪ Concerned with two channel transition metrics…

▪ Mobility thresholds: how different sized sediment moves

▪ Morphologic thresholds: how different forms take shape

▪ This threshold hypothesis is used as the foundation 
for the updated framework shown in this 
presentation

MacVicar, B., & Thompson, D. (2023). The diversity of pool-riffle 
morphologies. Geomorphology, 440, 108868.
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Responding to the challenge
▪ Hypothesis: Morphologies will prove statistically 

different when considered relative to proposed 
morphologic thresholds

▪ Different morphologies are expected to experience unique 
transport behaviours with respect to these new 
morphologic thresholds

▪ Past studies have compared transport to the critical 
mobility stream power, or to the continuous excess stream 
power

Chislett et al., 2026 PAGE  9

Papangelakis et al. (2022)

Vázquez-Tarrío et al. (2018)

𝛚∗ = dimensionless specific stream power 
experienced at the peak of an event

𝛀𝐢
+= cumulative excess total stream power (energy 

expenditure) over a mobilizing event



“Does the particle move?”

The critical sediment size at which point entrainment occurs can be estimated from 
the equations of bed shear stress (𝜏), the Andrews (1983) hiding function, and 
Keulegan (1938)’s logarithmic flow resistance equation

Ferguson (2005) put this into the context of a critical D84 (the coarse fraction of the 
bed material)

𝐷84c =
1

τc
∗ρ+𝑔

κω

2.3ρ log 30τc
∗ρ+ − log 𝑒𝑚𝑆

2/3

Benefit of this particular derivation: uses channel slope rather than flow depth, 
which would require local surveying

Ferguson, R. I. (2005). Estimating critical stream power for bedload transport 
calculations in gravel-bed rivers. Geomorphology, 70(1–2), 33–41.
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Mobility threshold (Ghunowa et al., 2021)



Morphologic threshold (Kleinhans & van den Berg, 2011)

“What planform pattern do we have?”

van den Berg used a large collection of river data 
to empirically determine…

ωm = 𝑐m𝐷50
0.42

▪ 𝜔m = morphologic specific stream power

▪ 𝑐m = empirical coefficient

Kleinhans, M. G., & Van Den Berg, J. H. (2011). River channel and bar 
patterns explained and predicted by an empirical and a physics‐based 

method. Earth Surface Processes and Landforms, 36(6), 721–738.
PAGE  11

Kantishna River, Alaska

scrolling

chuting
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𝒄𝐦 (𝐬𝐜) = 𝟐𝟖𝟓 𝒄𝐦 (𝐛𝐦) = 𝟗𝟎𝟎

Meandering channels 
transitioning from predominantly 
scroll bars → chute bars

Transition from meandering → 
braided channels



Morphologic threshold (MacVicar & Thompson, 2023)

𝐷84m = 2.2
ω

𝑐m

1/0.42

Frames van den Berg in terms of a morphologic 𝐷84 instead of 𝜔m by using the 
López & Barragán roughness height estimation equations

MacVicar, B., & Thompson, D. (2023). The diversity of pool-riffle 
morphologies. Geomorphology, 440, 108868.
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Mobility threshold Morphologic transitions

𝐷84c =
1

τc
∗ρ+𝑔

κω

2.3ρ log 30τc
∗ρ+ − log 𝑒𝑚𝑆

2/3

𝐷84m = 2.2
ω

𝑐m

1/0.42

Lower bound:
Minimum slope in dataset

Upper bound:
Maximum slope in dataset

Lower bound:
𝑐m = 285, scrolling to chuting

Upper bound:
𝑐m = 900, meandering to braided



Phase diagram
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Phase diagram
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Analysis of outliers

Chislett et al., 2026 PAGE  15
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Next steps

▪ Interpretation of representative grain size critical threshold rather than D84

▪ Statistical validation

▪ Upcoming fieldwork:

▪ What would additional RFID transport data look like for systems retrofitted with “natural 
channel designs” in Toronto?

▪ What does a “hybrid” (bedload tracing after construction has already been completed) study 
tell us?

Chislett et al., 2026 PAGE  20



Thank you! Merci !

michael.chislett@uwaterloo.ca
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This research is 
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Supplementary Material



Mobility threshold (Ghunowa et al., 2021)

𝐷84c =
1

τc
∗ρ+𝑔

κω

2.3ρ log 30τc
∗ρ+ − log 𝑒𝑚𝑆

2/3

▪ κ = von Karman coefficient for logarithmic velocity profiles (≈ 0.41)

▪ 𝑚 = 2.8 = López & Barragán estimation of bed roughness height (empirical multiplier for 𝐷84)

▪ 𝜌+ = submerged relative density of sediment (≈ 1.6)

▪ 𝑒 = Euler's number

▪ 𝜏c
∗ = critical Shields parameter/dimensionless shear stress (≈ 0.045 for D50, used as approximation for D84 

as well)

▪ ω = specific stream power =
ρ𝑔𝑄𝑆

𝐵

▪ 𝑆 = channel slope (Site dependent, but can define a “transitional range” of values from the mildest to steepest 
slopes in the dataset)

Ferguson, R. I. (2005). Estimating critical stream power for bedload transport 
calculations in gravel-bed rivers. Geomorphology, 70(1–2), 33–41.
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Morphologic threshold (MacVicar & Thompson, 2023)

𝐷84m = 2.2
ω

𝑐m

1/0.42

Frames van den Berg in terms of a morphologic 𝐷84 instead of 𝜔m

Achieved this by using the López & Barragán roughness height estimation equations

▪ 𝑘s ≈ 2.8𝐷84 and 𝑘s ≈ 6.1𝐷50

▪ So 𝐷84 ≈ 2.2𝐷50

MacVicar, B., & Thompson, D. (2023). The diversity of pool-riffle 
morphologies. Geomorphology, 440, 108868.
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Analysis of outliers
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SPECIFIC Excess Stream Power (𝝎 = 𝛀/𝑩)
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(Movement of D84)
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