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љìĲШĦőŸŸƚĲШƣőĲШũċŰĬƚĦċƓĲƚШƽĲШũŔƻĲШŔŰњ

The landscape changes when we pursue the 
stories connected to it.

Learn the stories and the landscape looks 
different. Transformed. Layered. Alive.





Local variation 
in source 
material for 
rivers



A landscape of 
(mostly) glacial 
deposition



https://www.sciencedirect.com/science/article/abs/pii/S0380133015001847   Phillips and Desloges 2015

Watershed and fluvial 
landscapes, channel 
types, sediment 
sources  & spatial 
patterns different from 
ћƣĲǂƣĤŸŸťќ

https://www.sciencedirect.com/science/article/abs/pii/S0380133015001847


Semi-alluvial channels 
[see also Ashmore & Church, GSC Bulletin 555, The Impact of Climate Change on Fluvial Processes in Canada] 

Å Incised into non-alluvial material

ÅNon-alluvial material is readily eroded by existing flows т not abrasion-dominated

ÅDirect sources of bed material are a mix of alluvium and non-alluvial. 

ÅNon-alluvial material may directly yield gravel, cobbles, boulders etc.

ÅTransient (often very thin) alluvial cover on bed 

ÅBars and planform may be similar to fully alluvial channels but local and short-term 

scour restricted

ÅChannel dimensions adjustable (similar regime dimensions as alluvial (?) т but slope 

may not be equilibrium

ÅMay be incised and confined





ÅCohesive glacial sediments may be highly erodible т different from most 
bedrock substrate

Å  Flume experiments (Leila Pike & Susan Gaskin)  
Å (previous in situ jet testing, Imran Khan) 

ÅCritical stress for erosion 1-5 Pa
  [For medium gravel critical stress approx.  30-50 Pa] 



Å What are conditions for formation of cover?
Å Is stable partial cover possible?
Å What are morphological and supply controls?
Å What is effect of bedload supply on transport rate? 
Å What happens to channel morphology when cover forms?
Å fƚШћƖƨŰċƽċǃШĬĲ-ċũũƨƻŔċƣŔŸŰќШƓŸƚƚŔĤũĲе

ŰШċƓƓƖŸċĦőШƣŸШĦőċŰŰĲũШĬĲƚŔŊŰШѼШћŰċƣƨƖĲ-ĤċƚĲĬќШŉƨŰĦƣŔŸŰŔŰŊ

Flume experiments and some field observations:
ÉŔŰƨŸƨƚШƓũċŰŉŸƖůШƽŔƣőШŉŔǂĲĬШĤĲĬЯШШћĲƕƨŔũŔĤƖŔƨůќШĲǂƓĲƖŔůĲŰƣƚШċƣШ
progressively high sediment feed rate, bed cover, bed 
morphology and bedload output

Tatiana Hyrtsak, Matilde Welber, Elli Papangelakis, Sarah Pierce, Bruce 
MacVicar,  Danielle Barr



Supply, cover formation (& loss) & 
morphology
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ÅComplex 3D morphology controlled by both sediment 
supply rate and planform geometry

Å Increased supply gives more cover & decreased 
supply causes cover loss

ÅCover location tied to bend morphology 
ÅBar-riffle morphology formed with large topographic 

variation т coarse riffles, fine bar tails
ÅFlat bar tops with steep bar margins at high sediment 

supply rates
ÅExposed bed even at highest supply rate 



Bedload Transport 
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ÅBedload reaches input-output balance at all 
supply rates

ÅTransport rate increases with sediment 
supply rate  ᵼ  bedload transport rate 
(capacity) is mediated by the cover state

ÅBedload not simply a function of discharge 
(shear stress) т supply-limited and 
dependent on morphology 

ÅHelpful to understanding dynamics of  cover 
in semi-alluvial channels and to effects of 
changes in supply, channel engineering and 
design



Urbanization & fluvial transformations
Fluvial geomorphology т many years of studies of 
effects of urbanization on rivers

Usually very small watersheds, single before-after or 
side-by-side cases

ÉĲĲŰШċƚШћŸŰĲ-ŸŉŉќШŔůƓċĦƣШШƚőŸƖƣ-term response  - 
quasi-experiment on fluvial adjustment
 
Few with known discharge change

Limited data but common effect is channel 
enlargement ( expected from hydraulic geometry 
principles), channel pattern change, incision,  etc

What do we learn from much longer trajectory and 
richer data base?

From Chin, 1996



Ashmore et al., 2023    John McDonald, Mariane Vocal-Ferencevic, Victoria Barlow 
+ lots of support from consultants, TRCA, City of Toronto

river profiles steepest in 
middle reaches > 1%

Stories of Highland Creek & Natural Channels



Highland Creek east branch, 1990 photo by K. Bellamy

The Geomorphic Character and Quality of Highland Creek, 1994 

The Kevin Bellamy Story



Reach type Major characteristics

Type A&B concrete trapezoid, weirs

Type C Single sinuous, gabions, armour stone, rectangular section, 
some and-gravel bed

Type D Single sinuous,  large rip-rap, trapezoidal section , sand-
cobble over cohesive glacial sediment, concrete, rock weirs, 

Type E Single to braided, partly unconfined, sand-gravel alluvium 
over cohesive glacial sediment, local armour stone & rock 
weir

Type F Single-anastamosed, sand-silt, rip-rap & natural river mouth

ÅGabion revetments, channelization etc. on west branch 
1965-1970

ÅMajor damage in 1976 flood  reaches types C & D 
Å Incision  - ŊƖċĬĲШĦŸŰƣƖŸũЮШ7ċŰťШƓƖŸƣĲĦƣŔŸŰЯШƖŔƓШƖċƓв
ÅSome reaches had no resemblance to original channel
ÅEast branch close to natural  - thin alluvium over cohesive 

clay  and rock weirs over sanitary sewer crossings
ÅLimited sediment supply, exposed clay т ƖŔƚťШŸŉШћĬĲ-
ċũũƨƻŔċƣŔŸŰќ





Victoria Barlow

Progressive 
urbanization т SW-
 EШљƨƓњШƣőĲШ
watershed over 
several decades

Almost 100% urban 
(except greenspace = 
river valley)  & 40-
60% impervious area 
by c. 2000



a) Highland Creek b) Little Rouge Creek

Major discharge changes beginning c.1970 т flashy floods, loss of seasonal flow pattern



2005 flood?

Peak flood flows increase > 4x 



Huge (up to x10) increases in total stream power from discharge increases (higher 

with channel straightening/steepening)



fŰĦƖĲċƚĲĬШƓŸƽĲƖШШШШШШШШШШШШШШШШШШШШШШШШШŔŰĦƖĲċƚĲĬШƽŔĬƣőШШыĤƨƣШӂШŸŰШEċƚƣШ7ƖċŰĦőвЮЮь



Specific stream power also increased т greater on west branch because increased total 
power but limited width  increase (> bed erosion & incision potential)

Approx entrainment for 100mm gravel , Ferguson 2005



ÅProgressive transformation of river channel as urban area expanded
ÅLarge floods in 1976, 2005 cause most of the change



ÅProgressive one-way widening over 60 yrs with episodic change from major flood events
Å1976 т first flood after beginning of urbanization of east branch
ÅWest branch response earlier but constrained by 1960s/70s engineering


