River Processes and Landscapes Revision
How are rivers formed?
The hydrological (water) cycle plays an important role in the formation of a river.
As the water vapour
reaches a point in the sky
where it is colder, the water
vapour is cooled and
condensed . This means it
turns back into a liquid.

Heat energy from the sun
warms the water over the
ocean and on land

As condensation occurs,
clouds form and the liquid
is now to heavy to be held
in the air and so it falls to
the ground as precipitation
(rain, snow, sleet, hail).

Water is evaporated. This is
when water turns from a
liquid to a gas.

When water reaches the land, it is transferred
back of the sea by a network of rivers.

Transpiration is the process
of water movement
through a plant. It takes in
the water and evaporates
from tiny holes in the
vegetation.

What happens when water reaches the land?
When precipitation falls from the sky, it enters a rivers drainage basin. A drainage basin is
an open system where water is added and losts. The definition is an ‘area of land that is
drained (emptied) of water by a river and its tributaries’. Within a drainage basin, there are
a number of inputs (precipitation), stores, transfers and outputs.


Input: this is how water enters the drainage basin e.g. through precipitation



Output: this is how water leaves the drainage basin e.g. evaporation, transpiration and flowing into
the sea



Store: this is something that holds the water e.g. rivers, lakes, glaciers, soil and vegetation



Transfers: this is something that moves the water across or in the ground:
1. Surface run off – water traveling over the ground
2. Infiltration – water entering the ground through the soil
3. Throughflow – water soaks through the soil and runs down the slope through it
4. Ground water flow – water soaks into pores and cracks in the rock deep under ground.

Annotate the diagram with a drainage basins inputs, outputs, stores and transfers.

What are the features of a drainage basin?
All drainage basins have a number of characteristics that they share.
1. Mouth: where the river enters the sea
2. Source: where the river starts
3. Tributary: a smaller stream or river
4. Confluence: the point where two rivers meet
5. River channel: the main body of the river
6. Water shed: the boundary that marks the separation of two different drainage
basins.
Label the features:

The long profile of the river
A river can be divided into three
courses
1. The upper
2. Middle
3. Lower
This is best shown through the long
profile of the river. The long profile of a
river displays the height above sea level
with increasing distance towards the sea.
In each course of the river, its characteristics change. Key characteristics include:
1. Velocity: the speed of the river
2. Volume: the amount of water in the river
3. Discharge: velocity x discharge of a river at any given point
4. Gradient: how steep the river is
5. Width: how wide the river is
6. Depth: how deep the river is.
The Bradshaw Model is a graph that we can use to work out how these characteristics change
from the upper, middle to lower course.
1. Upstream = the upper course
2. Downstream = the lower course
3. Midway between the two would be the middle course.
Annotate the Bradshaw Model with key changes in the course of the river:

The cross sections of a river
This cross section shows the river channel
and river valley.
In the upper course the river flows
through a steep sided valley. The river
itself is very narrow and shallow.
In the middle course the valley becomes
wider and flatter on either side of the
river. The river channel itself becomes
wider and deeper.
In the lower course the valley is very wide
and flat. The river is also very wide and
deep with lots of sediment being
transported.

As a river moves further down towards the mouth more water will enter it from tributaries (smaller streams
than flow into the main river). This extra water results in the deeper and wider channel is the middle and
lower course as more transportation and erosion will take place.

What are river processes?
A process is a continuous series of actions that change the landscape of a region.
There are a number of processes that take place within a river that shape the river
itself and the surrounding landscape.
1. Erosion
Erosion is the wearing away of the bed and
banks of the river.
Erosion takes place in two directions
1. Lateral: this means side to side
2. Vertical: this means up and down

There are four processes of erosion
1. Hydraulic action: the force of the water hitting the river bed and banks and wearing
them away
2. Abrasion: material carried in the river rubs against the bed and banks of the channel,
wearing them away
3. Solution: the water in the river reacts with rocks and dissolves them
4. Attrition: material is knocked into each other causing the edges to be worn away.

Try to create four sketches that will represent erosion taking place within the river channel:

2.Transportation
This is the movement of material within the river channel.
Factors that affect the movement of sediment
The amount of energy it has
The size of the sediment

3. Mass movement
This is the movement of rocks and soil downslope due to gravity. It takes place because of
weaker rocks, steep slopes and heavy rainfall. Mass movements can be very slow – only a
few mm a year – or sudden and rapid. The following types of mass movement affect the the
river valley.
1. Soil creep – where individual particles of soil move slowly down a slope
2. Sliding – where material moves rapidly downslopes in one go, for example in a
landslide. In a slump the material often rotates as it moves.
3. Flows – where masses of soil or rock, usually mixed with water, flow like liquid
downhill.

4. Deposition
When a river loses energy, it can no longer carry the load, therefore it drops the material.
As the rivers discharge and velocity reduce, the heaviest material is deposited first, for
example after flooding.
a) Identify the process that takes place when a river loses energy
- Erosion
- Transport
- Weathering
- Deposition

b) Explain the difference between abrasion and attrition

Landforms resulting from erosion in the upper course
Waterfalls.

1. The river runs over bands of hard rock and soft rock, eroding them vertically through hydraulic
action and abrasion.
2. The soft rock is less resistant and so is eroded more easily creating a step in the river.
3. Over time the soft rock eroded further by hydraulic action and abrasion, the hard rock above is
undercut and as a result overhang.
4. Eventually the overhanging harder rock will collapse. This rock and the force of the water will form a
plunge pool at the bottom of a waterfall. The fallen debris will further erode the river channel
through hydraulic action and abrasion which continually widens and deepens the plunge pool.
5. Over time the waterfall retreats upstream.

Explain how erosional processes and
geology work together to form the
waterfall in the figure.

Landforms in the middle course resulting from erosion and deposition
A meander is simply a
bend or curve in a river.
As a river enters the
middle course, it begins
to erode vertically as the
gradient isn’t as steep.
This widens the river
channel.

Rivers develop large bends called meanders because:
1. The river current is fastest on the outside bend.
2. On the outside bend the river is deeper, there is less friction.
3. As a result, erosion (hydraulic action, abrasion and solution)
takes place here. Sediment can be carried in suspension that
further erodes the banks by abrasion resulting in the formation
of a river cliff.
4. On the inside bend the river is slower. Here the river channel is
shallower so there is more friction
5. As the river has less energy sediment is deposited on the inside
bend
6. Over time this can accumulate (build up) to form a slip off slope.

Depositional landforms in the

Ox bow lake formation
1. Erosion causes the outside bends of two meanders to become very close together, the space between
them gets very narrow (this is called the neck of a meander)
2. During times of high discharge/ a flood the river will break through the neck in search of the shortest
course
3. The new course of the river means that water no longer enters the old meander. Deposition takes place
and cuts this off from the new river course leaving behind an ox bow lake.

Examine how erosion and deposition work together in the formation of an oxbow lake

Depositional landforms in the lower course of the river

Flood plain
A flood plain is the flat land on either side of the river. During times of river flooding the river will burst its banks
and spread outwards onto this flood plain. The river transports fine pieces of sediment, these spread out over the
floodplain and build it up overtime. This land is often fertile and used for farming.
Levees
Levees are raised banks that run along the course of a river. When a river overflows its velocity decreases and it
begins to deposit its load. The largest, coarsest material will be deposited first. After repeated flooding raised
banks called levees form at the side of the river. If the river floods in the future the effects could be severe as the
levees could prevent the water draining back into the river channel.

a) What compass direction is the main flow of the river
channel?
(1 mark)

b) Annotate and label a confluence on the map.
(1 marks)
c) Annotate and label a meander on the map.
(1 mark)

What are the causes of flooding?
Physical causes
1. Intense rainfall: during periods of heavy rainfall, the soil and rocks can quickly become saturated.
As infiltration is reduced, water flows over the surface and into the rivers at a faster rate.
2. Duration of rainfall: long periods of rainfall cause the soil to become saturated and prevent further
infiltration of rainwater, leading to increased surface runoff.
3. Snow melt: in some places a lot of snow falls during the winter months. When temperatures rise
above zero in the spring, all the snow that has built up melts, releasing large volumes of meltwater.
4. Rocks: different rock types in the catchment can affect flooding. Permeable rocks such as chalk
allow water to soak in, so reducing surface runoff. Impermeable rocks such as clay do not allow
water to pass through them, so rainwater will run off the surface and straight into the river
channel.
5. Relief: water reaches the river channel much faster where slopes are steeper.
Human causes
1. Deforestation: vegetation collects, stores and uses water from rainfall: this is called interception.
Plants roots also encourage water to pass into soil and rock, so vegetation reduces runoff: if it is
removed, more water can reach the river channel more quickly.
2. Land use - Urbanisation: urbanisation is the increasing amount of people living in towns and cities.
Towns and cities are usually built up areas with impermeable surfaces of concrete and tarmac. The
rainwater will not infiltrate, and this causes the water to run off immediately into drains and river
channels.

Examine the causes of flooding in Figure 1a.

Is there an increasing flood risk?
1. Urbanisation: the number of people living in cities compared to towns has meant an
increase in the number of impermeable surfaces, more drainage systems, less
infiltration and more surface run off
2. Population growth: as population grows, we need more land to build on to
accommodate more people, this leads to construction on rural areas and or flood
plains.
3. Climate change: many people argue that a warming planet is leading to an increasing
volume of precipitation (think back to the water cycle) and is therefore increasing the
intensity of storms.
What is a flood hydrograph?
A hydrograph is a graph that shows how a river channel responds to rainfall. It shows how rainfall affects
the discharge of a river. The amount of water in the river channel and the speed at which it is flowing.
Peak rainfall – the time at which there is the most rainfall
Peak discharge – the time at which the amount of water in the channel is at its highest
Lag time – the time between peak rainfall and peak discharge
Falling limb – the river is still above its normal flow but is decreasing from peak discharge

What does a hydrograph tell you about a
drainage basin?
A short lag time (flashy regime) tells you that
rainfall is reaching the river very quickly. This
means flooding is much more likely. There is
likely to be a short lag time if there is very
heavy rainfall, the land is steep, the rocks are
impermeable, in an urbanised area of an area
where deforestation has taken place.
A longer lag time and lower peak discharge tells
you that rainfall takes a long time to reach the
river. This indicates the risk of flooding will be
lower. There is likely to be a longer lag time if
the area is relatively flat, the rock is
impermeable, there are forests

What are the effects of flooding?
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The impacts of river flooding: The River Thames 2014
2500 people were at risk from rising flood waters and were unable to find safe placed. This resulted in the
evacuation of 1000 people.
People were unable to return home for up to 6 months. Many were unable to return home to collect personal
belongings.
Roads were cut off and people were unable to visit family, friends, local amenities or work.
In total, the river caused £500 million in damage. This was largely from insurance claims.
People’s homes were damaged and personal belongings destroyed, this would have put a financial strain on the
community.
Damage to roads/railways meant that people were unable to get to work. For many who owned businesses or
worked for local businesses, they lost income.
Looters took advantage of the abandoned homes and stole valuable items from homes.
Additional strain on emergency services. Extra soldiers and police officers had to be called in to the area to support
the community.
The River Thames burst its banks. Due to high discharge, erosion of the banks and beds took place, altering the
natural course of the river.
Flooded farmlands destroyed crops. Natural habitat of animals destroyed.
Vegetation uprooted and damage to gardens.
Receding flood water deposited pollution throughout the affected areas, impacting on local wildlife.

Using a named case study, explain two effects of flooding.

How can we manage flooding?
Hard engineering – large man made expensive structures that help to control the discharge
of a river
Strategy

Benefits

Costs (anything bad)

Dams and
reservoirs

Large amounts of water can be
held back behind the dam in
the reservoir. The flow of
water is controlled to prevent
flooding further down stream
during times of heavy rainfall

Very expensive

Channel
Straightening

The river flows faster through
the straighter part of the
channel which reduces the risk
of flooding in that area
The faster flowing river also
removes any sediment from
this part of the channel that
could be causing friction

Embankments

Flood relief
channel

The banks of the river channel
are artificially raised which
increased the channel’s
capacity. It becomes larger so
can carry more water reducing
the risk of the river breaking
over the banks.
The embankment can provide
a walkway for people to stroll
along
An additional channel is
constructed usually parallel to
the original river channel.
During times of high discharge
gates will be opened and
excess water will run into the
flood relief channel reducing
the risk of flooding.

Large amount of land will need to
be destroyed in order to
construct the reservoir
Dam traps silt and sediment. This
can lead to increased erosion
further downstream.
This is expensive
This can cause flooding further
downstream as water reaches
here more quickly from the
straightened part of the channel

Embankments need a lot of
maintenance, especially ones that
are made of soil.
They aren’t guaranteed to reduce
flooding. If they river rises above
the embankment level, then they
will not be effective.

There will be increased discharge
where the channel re-joins the
river or joins another river which
could cause flooding in that area.
If the water level gets too high for
the relief channels they could also
flood

Soft engineering – strategies that work with the natural processes of a river. These are
usually cheaper and more sustainable however aren’t guaranteed to reduce the risk of a
flood.
Strategy

Benefits

Costs (anything bad)

Tree planting
(afforestation)

Trees help to intercept heavy
rainfall so reduce the amount
of water reaching the channel
through overland flow or
through flow

Isn’t guaranteed to reduce flooding
during times of heavy rainfall
Reduced the amount of land
available for farming

Roots help to absorb excess
water from the soil
Flood plain zoning

New habitats are created
Land use next to the river is
planned so that high value land
uses are placed further away
from the channel at a higher
position. This helps to protect
housing and industry. Cheaper
land uses are placed next to
the river such as farming and
football pitches.

This helps to reduce the risk
of flooding as land use next to
the channel usually consists of
land that is permeable so
water can be absorbed.
Flood warnings and Using the forecast to warn
preparation
people can help people
prepare by placing sand bags
outside their homes, moving
valuable to higher ground or
evacuating. This can help to
reduce the economic and
social impacts of flooding.
River restoration
The river is returned to its
natural state. Meanders are
created. This helps to slow
down the speed of the river
and reduces the discharge
further downstream.
New habitats are created.

Some houses have already been
built too close to rivers on flood
plains.
Can reduce the land available for
new houses

Does not prevent the flooding
itself.
Some people may choose to
ignore flood warnings.

Can increase the risk of flooding in
that area.

Explain two ways river management techniques change the river landscape.

