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Zones of a RiverUnderstanding the fluvial system...

Draw a hypothetical catchment.
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Zones of a RiverUnderstanding the fluvial system...

What is a river cross section?

Draw a cross section of a river2



Zones of a RiverFind a river channel...

Find a river channel

Label the source and output of the river channel
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https://padlet.com/aflatley
2/physical-landscapes-and-
the-geosphere-
hbprou7jn194avs5

Find an example of a modification in a river

Label any key features in your river channel

(these can be natural or anthropogenic)



Depositional

zone

Source

zone
Transition

zone

Zones of a RiverUnderstanding the fluvial system...

Alluvial rivers: Qs > Qc

sediment storage in 

floodplains - lowlands, 

high Q, low S
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Bedrock rivers: Qc > Qs (i.e. excess power) 

>50% ‘bedrock’ exposed, minimal sediment storage 

(frequent flushing), steep headwaters, high Ω
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Driving variables

Understanding the fluvial system...

Baselevel 

(erosional base)
Tectonics

Climate

External controls

Internal controls / 

boundary conditions
Topography

Geology
Vegetation

Soils

Sedimentary

Perspective

Hydrological

Perspective

• A river at work... (i.e. energy

consumed to transport water

and sediment)

Geomorphic Perspective:

• Rivers only want the energy 

to transport their water and 

supplied sediment to ocean 

basins, and nothing more!

Approaching a “balance” 

(dynamic equilibrium)

Graded river 

concept...



• From small to large-scale... 

(from short to long timescale)

Understanding the fluvial system...

Fluvial Dunes

Fluvial Ripples

Channel bars

Scales of depositional elements in a 

fluvial system

• Depositional elements built with 

sedimentary characteristics (grain size, 

structure, lithologies etc.): Facies

• Characteristics depend 

on type of river 

(depositional style) = 

Channel form

Channel 

& Reach

• Depositional Environment = specific 

set of depositional elements 

Channel pattern

Bedforms



Gravel-dominated

1 Gravel-bed braided river

2 Gravel-bed braided river

3 Deep Gravel-bed braided river

X Wandering gravel bed river

4 Gravel bed meandering river

Sand-dominated high-sinuosity

5 Gravel-sand  meandering river

6 Sand bed meandering stream

X Ephemeral sand bed meandering

7 Fine-grained meandering river 

8 Anastomosed river

X Low-sinuosity river with alternate bars

9 Shallow perennial sand-bed braided river

10 Deep perennial sand-bed braided river

11 Distal sheetflood sand-bed river

12 Flashy ephemeral sheetflood sand-bed river

Sand-dominated low-sinuosity

Channel form and depositional environments
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Gravel-dominated

1 Gravel-bed braided river

2 Gravel-bed braided river

3 Deep Gravel-bed braided river

X Wandering gravel bed river

4 Gravel bed meandering river

Sand-dominated high-sinuosity

5 Gravel-sand  meandering river

6 Sand bed meandering stream

X Ephemeral sand bed meandering

7 Fine-grained meandering river 

8 Anastomosed river

X Low-sinuosity river with alternate bars

9 Shallow perennial sand-bed braided river

10 Deep perennial sand-bed braided river

11 Distal sheetflood sand-bed river

12 Flashy ephemeral sheetflood sand-bed river

Sand-dominated low-sinuosity

Channel form and depositional environments
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Forms & process

Key measurements?



Q = A* V

Discharge = Area X Velocity 

 

Q = Discharge= m^3/s

Q = Discharge

local shear 

stress and 

velocity

How Streamflow is Measured | U.S. Geological Survey (usgs.gov)

In hydrology, discharge (Q) is the volume of water flowing through a given cross-
sectional area of a stream or river per unit of time. It is typically measured in cubic 
meters per second (m³/s) or cubic feet per second (cfs).

https://www.usgs.gov/special-topics/water-science-school/science/how-streamflow-measured


Stream power = 49 W = 0.049 kW

(73 500 W = 73.5 kW in flood)

1 kW = 1.34 horsepower...

Discharge ~ 2 m3/s (3000 m3/s in flood) 

Density is 1000 kg/m3

Gravitation 9.8 m/s2

Gradient 0.0025 m/m

Stream Power

= … amount of energy the water in 
a river or stream is exerting on the 
sides and bottom of the river



Width 2 m (60 m in flood)

Stream power = 49 W/m

Specific stream power = 24.5 W/m2

(1225 W/m2 in flood)

Specific stream power world wide...

> 12 000 W/m2 in riverine floods

> 300 000 W/m2 in outburst floods

Specific Stream Power

local shear 

stress and 

velocity



Channel form and depositional environments

Qw

Qs

Qs

Topography

• River planform = adjustment to boundary conditions (internal variables)

+ controlling variables Qs and Qw

Vegetation

Stream power

Mixed load 

channels

Suspended load
Bed load
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a continuum of 

channel pattern



Rivers with exactly the energy required to move their 

bedload are straight without bedforms and are in the stationary 

equilibrium state

Sv – valley slope

Sfmin – min frictional slope

• Planform adjustment to energy ??

Channel form and depositional environments



2. Qw and Qs both fluctuate through time, and boundary conditions can change 

over long timescales - continuous adjustment takes place… how?

Dynamics – adjustment and change

IV. Slope – Longprofile

II. Cross-Section

III. Planform (pattern)

I. Bed forms and roughness

1. Qw, Qs and boundary conditions change downstream – systematic change 

in form (pattern) and processes downstream… 



Landforms

Lateral 

accretion

Floodplain lake

Overbank fines

Point bar

Channel fill

Oxbow

Cut-off (soon)

... Meandering River



Meanderbelt

yazoo

Landforms

Meandering dynamics – forms

Channel fill

Oxbow

Lateral 

accretion

Floodplain lake

Overbank fines
Point bar

Cut-off

Oxbow

yazoo



Meandering over time 

Meandering dynamics – processes and rates

1

2

3
4

3

4



Modelling channel form



Future models

Forward numerical modelling

• What drives meandering rates – discharge/flow or sediment ?



Lab time

• Part 1 of rivers (Today)

• Fieldwork week in Lampeter next week – Discharge measurements and 

river form.



Lab time

• Part 1 of rivers (Today)

• Fieldwork week in Lampeter next week – Discharge measurements and 

river form.
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