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River Dynamics and Channel Evolution 
​ 

A river system is a dynamic entity, constantly 

reshaping the landscape through a continuous cycle 

of erosion, transportation, and deposition. These 

fluvial processes are governed by the energy of the 

flowing water, which is a function of the river's 

discharge and velocity. Erosion begins the cycle, 

occurring through four primary mechanisms: 

hydraulic action, where the sheer force of moving 

water dislodges particles from the banks and bed; abrasion (or corrasion), where 

the river's load acts as a tool to grind away the channel; attrition, where the 

sediment particles themselves collide and break into smaller, smoother 

fragments; and solution (or corrosion), the chemical weathering of soluble rocks 

like limestone by the slightly acidic river water. 

Once material is eroded, it is moved downstream via transportation. The method 

of transport depends on particle size and flow energy. The largest boulders are 

moved by traction (rolling or sliding along the bed), while smaller pebbles move 

through saltation (a series of bounces). Fine silts and clays are held in 

suspension, giving the water a turbid appearance, and dissolved minerals travel 

in solution, invisible to the naked eye. When the river's velocity drops—often due 

to a decrease in gradient or an increase in channel roughness—it loses the 

energy required to carry its load, leading to deposition. This typically occurs in a 

specific sequence, with the coarsest material deposited first and the finest 

particles carried the furthest. 
​ 

The Hjulström Curve 

The relationship between river velocity and sediment dynamics is best illustrated by the 
Hjulström curve. This graph demonstrates that higher velocities are required to erode particles 
than to transport them. Interestingly, very fine particles like clay require higher velocities to 
erode than sand because of their cohesive nature, but once entrained, they can be transported 
at extremely low velocities. 

​ 

 



The efficiency of these processes is heavily influenced by spatial and temporal 

factors. Spatially, the channel gradient (steepness) and cross-sectional shape 

determine the hydraulic radius—a measure of efficiency calculated by dividing 

the cross-sectional area by the wetted perimeter. A deep, narrow channel has a 

smaller wetted perimeter relative to its area, reducing friction and increasing 

velocity. Conversely, channel roughness (boulders or vegetation) increases 

friction, slowing the flow. 

Temporally, rivers experience significant fluctuations in energy. Seasonality plays 

a critical role; for instance, spring snowmelt or monsoon rains can lead to 

bank-full stage, where the river fills its channel to the brim. At this stage, velocity 

and erosive power are at their peak. However, once a river overtops its banks 

and spreads across the floodplain, the sudden increase in wetted perimeter 

causes velocity to plummet, resulting in the rapid deposition of sediment and the 

formation of natural levees. Understanding these variables is essential for 

predicting channel evolution and managing flood risks. 

Source: 

https://opentextbc.ca/physicalgeology2ed/wp-content/uploads/sites/298/2019/

08/Physical-Geology-2nd-Edition-Chapter-13-Streams-and-Floods.pdf 
​ 

Key Variable Impact on Fluvial Dynamics 

Hydraulic Radius Higher values indicate greater efficiency and higher velocity due to 
reduced friction. 

Bank-full Stage The point of maximum efficiency and erosive power before a flood 
occurs. 

Channel Roughness Increases turbulence and friction, slowing water but aiding in the 
suspension of sediment. 

​ 
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Fluvial Processes and Terminology 
​ 

This activity focuses on the specific mechanisms rivers use to shape their channels and move 
sediment. Use the concepts of energy, velocity, and particle size to complete the following 
sections. 
​ 

Part 1: Mechanisms of Erosion 

Define the four primary ways a river erodes its bed and banks. 

Process Definition and Mechanism 

Hydraulic Action 

 
 
 
 

 

Abrasion (Corrasion) 
 
 
 
 

 

Attrition 

 
 
 
 

 

Solution (Corrosion) 
 
 
 
 

 
​ ​ 

Part 2: Methods of Transportation 

Explain how the river moves its load based on particle size and energy. 

Method Description of Movement 

Traction 

 
 
 
 

 

 



Saltation 

 
 
 
 

 

Suspension 

 
 
 
 

 

Solution 

 
 
 
 

 
​ 

Concept Check: Flow Dynamics 
​ 

1. Compare and contrast laminar flow and turbulent flow. In your answer, describe the visual 
appearance of the water surface and the path of the water molecules for each type. 
​ 
 
 
 
 
 
 
 
 
 

​ 

2. Explain the relationship between flow type and sediment load. Why is turbulent flow more 
effective at transporting fine silts and clays than laminar flow? 
​ 
 
 
 
 
 
 
 
 
 
 

​ 

 



Remember 

According to the Hjulström curve, the velocity required to erode a particle is usually higher than 
the velocity required to transport it. However, once fine particles like clay are in suspension, 
they can be transported even when the river velocity drops significantly. 

​ 

3. Based on the Hjulström curve concept, why does a river deposit its coarsest bed load (boulders 
and pebbles) first when velocity begins to decrease, while the suspended load continues to move? 
​ 
 
 
 
 
 
 
 
 

​ 
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Channel Characteristics and Seasonal Shifts 
​ 

A river's efficiency is determined by the 

relationship between its cross-sectional area and 

its wetted perimeter (the total length of the bed 

and banks in contact with the water). This 

relationship is expressed as the hydraulic radius. 

A higher hydraulic radius indicates that a smaller 

proportion of water is in contact with the channel 

boundary, reducing energy loss through friction 

and allowing for higher velocities. During seasonal 

shifts, such as spring snowmelt or monsoon rains, 

a river may reach its bank-full stage, 

significantly altering its geometry and erosive 

power. 
​ 

Comparison of Channel States 

Use your knowledge of hydraulic radius and friction to predict the characteristics of each stage. 

Variable Low Flow Discharge Bank-full Discharge 

Wetted Perimeter 

 
 
 

 

 
 
 

 

Hydraulic Radius 

 
 
 

 

 
 
 

 

Velocity 

 
 
 

 

 
 
 

 

Efficiency 
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Analysis Questions 
​ 

1. Explain how a sudden increase in discharge due to seasonal snowmelt alters the balance 
between erosion and deposition in a specific reach of a river. Reference the Hjulström curve 
concept in your answer. 
​ 
 
 
 
 
 
 
 
 
 

​ 

2. Why does a river's velocity drop significantly once it overtops its banks and enters the 
floodplain, even if the total discharge remains high? Describe the resulting landform created by 
this process. 
​ 
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River Processes Analysis 

Part 1: Complex Multiple Choice 

Select the most accurate response for each question regarding hydraulic efficiency and channel 
dynamics. 

1. A river channel undergoes a change in cross-sectional shape from a wide, shallow rectangle to 
a semi-circular profile while maintaining the same cross-sectional area. What is the most likely 
impact on the river's efficiency? 

Circle the correct answer. 

A) Efficiency increases because the wetted perimeter increases, allowing for more laminar flow. 

B) Efficiency increases because the wetted perimeter decreases, reducing energy loss through 
friction. 

C) Efficiency decreases because the hydraulic radius is inversely proportional to velocity. 

D) Efficiency remains constant because the cross-sectional area has not changed. 

2. During a transition from low flow to bank-full stage, which of the following typically occurs 
regarding the channel's hydraulic radius? 

Circle the correct answer. 

A) The hydraulic radius decreases because the wetted perimeter expands to include the entire 
bank height. 

B) The hydraulic radius remains stable until the river overtops its banks and enters the floodplain. 

C) The hydraulic radius increases, which causes a corresponding increase in channel roughness 
and friction. 

D) The hydraulic radius increases because the cross-sectional area grows faster than the wetted 
perimeter. 

3. According to the Hjulström curve and the concept of channel efficiency, why is the bank-full 
stage considered the point of maximum erosive power? 

Circle the correct answer. 

A) Velocity is at its peak due to the highest hydraulic radius, providing maximum energy for 
entrainment. 

B) The water has overtopped the banks, reducing the hydraulic radius and increasing turbulence. 

C) The river has reached its lowest wetted perimeter, eliminating all friction from the bed load. 

D) The discharge is high enough to ensure that all sediment sizes are transported via solution. 
​ 

 



4. How does an increase in channel roughness (e.g., large boulders on the bed) affect the 
relationship between hydraulic radius and velocity? 

Circle the correct answer. 

A) It promotes laminar flow, which increases the efficiency of sediment transportation. 

B) It decreases the wetted perimeter, effectively increasing the hydraulic radius and velocity. 

C) It has no effect on velocity, as velocity is solely determined by the channel gradient. 

D) It increases friction, meaning a higher hydraulic radius is required to maintain the same 
velocity as a smoother channel. 
​ 

5. When a river floods and moves from bank-full stage to the floodplain, efficiency drops 
significantly. What is the primary geometric cause? 

Circle the correct answer. 

A) The wetted perimeter increases drastically relative to the area, causing the hydraulic radius to 
plummet. 

B) The cross-sectional area decreases as water spreads out, reducing the discharge. 

C) The channel gradient increases, causing the river to switch from deposition to erosion. 

D) The hydraulic radius increases, but the water becomes too deep for saltation to occur. 
​ 

Part 2: Short Answer & Prediction 

Apply your understanding of meander migration, point bar formation, and erosion to predict 
channel changes. 
​ 

6. Describe the distribution of velocity across a meander bend. How does this spatial variation 
lead to the simultaneous processes of erosion and deposition? 
​ 
 
 
 
 
 
 
 
 
 

​ 

7. Predict the long-term migration pattern of a river meander. In your answer, explain the specific 
roles of the 'cut bank' and the 'point bar' in shifting the channel's position. 
​ 
 

 



 
 
 
 
 
 
 
 

​ 

8. A river reach experiences a significant increase in its bed load (coarse gravel) due to upstream 
landslides. Predict how this change in 'channel roughness' will affect the river's hydraulic 
efficiency and its ability to maintain a meandering course. 
​ 
 
 
 
 
 
 
 
 
 

​ 

9. During a period of high seasonality (e.g., a monsoon), a river reaches bank-full stage. Predict 
the changes in sediment transport mechanisms (traction vs. suspension) compared to low-flow 
conditions, referencing the energy available in the system. 
​ 
 
 
 
 
 
 
 
 
 

​ 

10. Explain the formation of an oxbow lake. How does the process of meander migration 
eventually lead to the 'cutoff' of a loop, and what role does deposition play in finalizing this 
landform? 
​ 
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Answer Key 

 Part 1: Complex Multiple Choice 

1.​   B) Efficiency increases because the wetted perimeter decreases, reducing energy loss 
through friction. 

•​  Rationale: A semi-circular profile is the most efficient channel shape because it minimizes 
the contact area (wetted perimeter) between the water and the bed/banks for a given 
cross-sectional area. 

•​ Common error: Choosing A; students often confuse a larger wetted perimeter with "more 
space" for flow, whereas it actually increases drag. 

  

2.​  D) The hydraulic radius increases because the cross-sectional area grows faster than 
the wetted perimeter. 

•​  Rationale: As a river rises toward bank-full stage, the depth (area) increases significantly 
while the wetted perimeter only increases by the height of the banks. This leads to a higher 
hydraulic radius ( ). 𝑅 = 𝐴/𝑃

•​ Common error: Choosing A; students may focus only on the increase in wetted perimeter 
without considering the proportional increase in area. 

  

3.​  A) Velocity is at its peak due to the highest hydraulic radius, providing maximum 
energy for entrainment. 

•​  Rationale: At bank-full stage, the channel is at its most efficient. The high hydraulic radius 
minimizes friction relative to the volume of water, resulting in maximum velocity and erosive 
power. 

•​ Common error: Choosing B; students often think a flood (overtopping banks) is the most 
powerful, but velocity actually drops once water spreads onto the floodplain. 

  

4.​  D) It increases friction, meaning a higher hydraulic radius is required to maintain the 
same velocity as a smoother channel. 

•​  Rationale: Roughness (Manning's n) creates turbulence and resistance. To overcome this 
resistance and maintain speed, the river requires more energy, which comes from a larger 
hydraulic radius or steeper gradient. 

•​ Common error: Choosing A; students may incorrectly associate boulders with laminar flow, 
whereas large particles always trigger turbulence. 

 



  

5.​  A) The wetted perimeter increases drastically relative to the area, causing the 
hydraulic radius to plummet. 

•​  Rationale: When water leaves the channel, the wetted perimeter suddenly includes the 
entire width of the floodplain. This massive increase in friction surface area causes the 
hydraulic radius to drop, leading to a loss of velocity and deposition. 

•​ Common error: Choosing B; students often assume discharge (total volume) decreases, but 
discharge is actually at its highest during a flood; it is the efficiency that fails. 

  
​ 

Part 2: Short Answer & Prediction 

6.​ Velocity Distribution: Velocity is highest on the outside of the meander bend (due to 
centrifugal force and reduced friction) and lowest on the inside. This spatial variation 
causes erosion on the outside (cut bank) where energy is high, and deposition on the 
inside (point bar) where energy is insufficient to carry the load. 

7.​ Migration Pattern: Meanders migrate laterally (sideways) and downstream. The cut bank 
erodes outward while the point bar grows inward. Over time, this causes the bend to 
become more exaggerated and move across the valley floor. 

8.​ Bed Load Impact: Increased bed load increases channel roughness. This decreases 
hydraulic efficiency by increasing friction and turbulence. The river may struggle to 
maintain a meandering course and could transition toward a braided pattern as it deposits 
the excess load, creating obstacles in the channel. 

9.​ Monsoon/Bank-full Transport: During bank-full stage, the river has maximum energy. 
Suspension will increase as turbulent flow keeps smaller particles lifted. Traction will also 
increase as the high velocity provides enough force to roll/push large bed load particles 
that are usually stationary during low flow. 

10.​Oxbow Lake Formation: Meander migration causes the neck of a loop to narrow. During a 
high-discharge event, the river may erode through the neck (a cutoff), creating a straighter 
path. Deposition then occurs at the ends of the abandoned loop, sealing it off from the 
main channel to form the lake. 

​ 

 


