
Unit 11 River Landscapes 

Things you need to know 

Changes in rivers and their valleys 

- how rivers and their valleys change with distance downstream 

Fluvial (river) processes 

- how rivers erode, transport and deposit material 

River erosion landforms 

- how rivers erode their valleys to form distinctive landforms 

River erosion and deposition landforms 

-river landforms created by deposition and erosion 

River landforms on the River Tees 

- the erosion and deposition landforms along a stretch of the River Tees 

Factors increasing flood risk 

- how physical and human factors can increase the risk of flooding 

Managing floods- hard engineering 

- the costs and benefits of hard engineering to manage river flooding 

Managing floods- soft engineering 

- the costs and benefits of managing river flooding using soft engineering 

Managing floods at Banbury 

- Case study information 

 

 

Changes in rivers and their valleys 

What is a drainage basin? 

 
 

 

How does the long profile of a river change downstream? 



 In the mountains there is less water in the water as it is near the source of the 

drainage basin. The water is shallow and there is a lot of friction between that and the 

bank and bed of the river. This means the velocity (speed) of the river is quite slow. 

There may be rapids were the river channel becomes deeper where it becomes faster. 

 Downstream the river is much deeper due to the higher volume (amount) of water in 

the river channel. More water has been added through tributaries and ground water 

flow. Less water is in contact with the bank and bed of the river therefore the 

velocity is higher. 

 

This is a typical profile of the river beginning 

with a steep source in the upper course and 

levelling out to a shallow lower course. 

 

 

 

How does the cross profile of a river and its valley change downstream? 

 Gets wider and deeper 

to accommodate more water. 

Erosion allows this to happen 

 Valley floors develop 

and widen due to channel 

erosion 

 In the lower course 

levees are formed. Here 

there is most sediment which 

gets deposited at the banks 

of the river.  

 

 

Fluvial (river) processes 

 

There are 2 types of erosion within a river: 

1. Vertical erosion- this is downwards erosion and makes the river deeper 

2. Lateral erosion- this is sideways erosion and makes the river wider 

 

 



There are 4 processes of erosion that take place in a river: 

1. Hydraulic action-  the force of the water 

hitting the river bed and banks. This is most 

effective when the water is moving fast and when 

there is a lot of it 

2. Abrasion- when the load carried by the 

river repeatedly hits the bed or banks dislodging 

particles into the flow of the river. 

3. Attrition- when stones carried by the river 

knock against each other, gradually making the stones smaller and less rounded 

4. Solution- when the river flows over limestone or chalk, the rock is slowly dissolved. 

This is because it is soluble in mildly acidic river water. 

 

There are 4 processes of transportation: 

The size and amount of sediment that can be transported 

by the river depends on its velocity (speed of flow) 

 

 

 

 

Deposition 

This occurs when the river is at a slower velocity. It has less energy to transport material 

and so drops them. It will drop the heavier materials first. 

 Larger rocks tend to be in the upper course as there is little velocity and therefore 

energy.  

 Finer sediment is carried further downstream, mostly held in suspension. This material 

will be deposited on the river bed or banks, where velocity is slowed by friction. 

 A large amount of deposition occurs at the river mouth, where the interaction with 

tides, along with the very gentle gradient.  

 

River erosion landforms 

Upper course- Erosion dominates to form landforms: 

Interlocking spurs- The river isn’t strong enough to cut 

through ‘spurs’ (blocks) of land and so winds around them. 

 



 

Waterfalls 

Water flows over rocks of varying resistance (strength). As water flows over harder rock to 

softer rock it erodes the softer rock more easily, forming a plunge pool. Erosion (hydraulic 

action and abrasion) occur here causing the plunge pool to get bigger and undercut the 

harder rock above. With little support eventually this rock falls into the waterfall and gets 

eroded and washed away. The process then repeats itself. 

Gorges 

A gorge is a narrow steep-sided valley that is usually found immediately downstream of a 

waterfall. It is formed by the gradual retreat of a waterfall over hundreds or even 

thousands of years. 

 

Further downstream 

Erosion and deposition combine to form meanders and ox-bow lakes 

Lower course/mouth of the river 

As the river nears the sea, deposition dominates to form a floodplain, levees and the river 

estuary. Floodplains are extensive flat lands either side of the river. Levees are raised banks 

of the river due to high rates of deposition. An estuary is the widening mouth of the river 

that leads to the ocean. 

 

River landforms 

Meanders 

These are mainly found in lowland areas in the lower course of the river. They are constantly 

changing their shape and position. This is a result of the processes of lateral (sideways) 

erosion and deposition in the river channel. 

The thalweg is the line of fastest flow within the river. It swings from side to side causing 

erosion on the outside bend and deposition on the inside bend where there is highest energy 

and deposition on the inside of the bend where energy is lowest. 

Pools and riffles 

Riffles- sequence of shall, fast-flowing sections. Have deposits of coarser gravel. Develop 

between meander bends where a drop in velocity (speed) has led to deposition of coarser 

sediment.  

Pools- deeper slower-moving sections. Have finer deposits. Develop close to the outside bend 

of the meander. Tend to be the areas of fastest flow where most erosion takes place. 



 

Ox-bow lakes 

As the outside of the meanders continue to get eroded the neck (space between two 

meanders) gets smaller. Eventually, they become so close the water travels across the neck 

of the meander creating a new, straighter path. The old meander becomes detached from 

the river and this is called an ox-bow lake. 

 

River deposition landforms 

Floodplains 

A floodplain is a wide, flat area of marshy land on either side of a river, and found in the 

middle and lower courses. Floodplains are made of alluvium, a sediment (silt) is deposited by a 

river when it floods. Floodplains are used for farming as the soils are very fertile. 

- Meanders migrate across the floodplain due to lateral erosion. When they reach 

the edge of the floodplain they erode the valley side (bluff). This explains why 

floodplains are very wide 

- When the river floods it deposits silt, creating a very flat floodplain. Layer upon 

layer builds up over many years to form a thick deposit of fertile alluvium. 

Levees 

During low flow conditions deposition takes place, raising the river bed and reducing the 

capacity of the channel. When flooding occurs, water flows over the sides of the channel. 

Here the velocity of the river decreases rapidly leading to deposition of sediment on the 

river banks. First the coarser sands are deposited and then the finer silt and mud. Gradually 

after many floods the height of the banks can be raised by as much as two metres. 

Estuaries 

Estuaries are transitional zones between river and coastal environments and are affected by 

wave action as well as river processes. The main process operating in estuaries is deposition. 

During a rising tide river water is unable to be discharged into the sea. The river’s velocity 

falls and sediment is deposited. At low tide these fine deposits form extensive mudflats. 

Over time, mudflats develop into important natural habitats called saltmarshes. 



River landforms on the River Tees- Case study 

Where is the River Tees? 

It is in the north east of England with its source high in the Pennine Hills near Cross Fell 

(height 893m). From there it flows east for around 128km to reach the North Sea at 

Middlesbrough.  

High Force waterfall and gorge 

The waterfall drops 20m as a single sheet. It was formed due to a resistant band of igneous 

rock (cooled volcanic lava) called dolerite. Unable to erode this tougher band of rock, the 

river has formed a step in the long profile of the river and has developed over hundreds of 

years. The rock beneath the dolerite is Carboniferous limestone, a much weaker stone. As 

the water flows onto this rock it wears it away at a faster rate and undercuts it forming an 

overhang of the dolerite. This eventually collapses and the waterfall gradually retreats 

upstream to form a gorge.  

 

Factors increasing flood risk 

What is flooding? 

Flooding is where land that is not normally underwater becomes inundated.  A river flood 

occurs when a river channel can no longer hold the amount of water flowing in it. Water 

overtops the banks and floods the adjacent land (land next to it) – the floodplain.  

What causes flooding? 

They often occur after long periods of rainfall or heavy rainstorms. 

Physical Factors Human factors 

Precipitation- torrential rainstorms can lead 

to sudden flash floods as river channels 

cannot contain the sheer volume of water 

flowing into them. Steady rainfall over 

several days can also lead to flooding in 

lowland river basins. 

Urbanisation- building on a floodplain 

creates impermeable surfaces such as 

tarmac roads, concrete driveways and slate 

roofs. Water is transferred quickly to 

drains and sewers and then into urban river 

channels. This rapid movement of water 

makes flooding more likely. 

Geology (rock type)- impermeable rocks do 

not let water pass through them. Examples 

include shales and clays which encourage 

water to flow overland and into river 

channels. This speeds up water flow and 

makes flooding more likely. 

Deforestation- much of the water that falls 

on trees is evaporated or stored temporarily 

on leaves and branches. Trees also use up 

water as they grow. When trees are 

removed much more water is suddenly 

available and transferred rapidly to river 

channels, increasing the flood risk 

Steep slopes- in mountain environments 

steep slopes encourage a rapid transfer of 

Agriculture- in arable farming, soil is left 

unused and exposed to the elements for 



water towards river channels. This increases 

the risk of flooding. 

periods of time. This can lead to more 

surface runoff. This is increased if the land 

is ploughed up and down steep slopes, as 

water can flow quickly along the furrows 

 

 

What is a hydrograph? 

The rivers discharge (volume of water it is flowing) is measured in cumecs – cubic metres per 

second. A hydrograph is a graph that plots river discharge after a storm. It shows how 

discharge rises after a storm, reaches its peak and then returns to the normal rate of flow. 

One of the most important aspects of a hydrograph is the time lag. This is the time in hours 

between the highest rainfall and the highest (peak) discharge. This shows how quickly water 

is transferred into a river channel and is a key factor in the flood risk. The shorter the time 

lag the greater the risk of flooding.  

 

What affects the shape of a hydrograph? 

Drainage basin 

and precipitation 

characteristics 

‘Flashy’ hydrograph with a  

short lag time and high peak 

Low, flat hydrograph with a low 

peak 

Basin size Small basins often lead to a rapid 

water transfer.  

Large basins in a relatively slow 

water transfer 

Drainage density A high density speeds up water 

transfer. 

A low density leads to a slower 

transfer 

Rock type Impermeable rocks encourage 

rapid overland flow 

Permeable rocks encourage a slow 

transfer by groundwater flow. 

Land use Urbanisation encourages rapid 

water transfer 

Forests slow down water transfer, 

because of interception. 

Relief Steep slopes lead to rapid water 

transfer.  

Granite slopes slow down water 

transfer. 

Soil moisture Saturated soil results in rapid 

overland flow. 

Dry soil soaks up water and slows 

down its transfer  

Rainfall intensity Heavy rain may exceed the 

infiltration capacity of 

vegetation, and lead to rapid 

Light rain will transfer slowly and 

most will soak into the soil. 



overland flow. 

 

11.7 Managing floods- hard engineering 

What is hard engineering? 

This involves made-made structures to prevent or control natural processes from taking 

place. This form of flood management is usually very expensive- individual projects can cost 

several million pounds.  

Costs- the financial cost of the scheme, and any negative impacts on the environment and on 

people’s lives. 

Benefits- financial savings made by preventing flooding, along with any environmental 

improvements. 

 

Dams and reservoirs 

Dams are often multi-functional: 

 Flood prevention- during periods of high rainfall will let less water into the river 

 Hydro-electric power generation- a sustainable method of energy production 

 Irrigation-  water used to assist farming 

 Recreation- wind surfacing, sailing etc 

 Water supply 

Dams can be very effective in reducing flood risk however they cost huge amounts of money 

and the reservoir often floods large areas of land. Many people may have to be moved from 

their homes. 

Channel Straightening 



This involves cutting through a meander to straighten the river in order to speed up the flow 

of water along the river. This can mean an area becomes less likely to flood, but it also means 

the water will travel more quickly to another settlement, increasing their chances of 

flooding. They sometimes use concrete to straighten the river walls although this looks ugly 

and affects wildlife 

Embankments 

This involves raising the height of the river banks (sides) in order to allow the river to hold a 

greater volume of water. Again, this is often done using concrete and looks ugly. Dredging 

the river from silt and sediment also increases the capacity of water the river can hold and 

is more natural and sustainable.  

Flood relief channels 

A flood relief channel is a man-made river channel constructed to by-pass an urban area. 

During times of high flow, sluice gates can be opened to allow excess water to flow away into 

the flood relief channel and reduce the threat of flooding. 

 

Managing floods- soft engineering 

What is it? 

Works with natural river processes to manage the flood risk. It aims to reduce and slow the 

movement of water into a river channel to help prevent flooding. 

Afforestation 

Planting trees to obstruct the flow of water and slow down the transfer to river channels. 

Water is soaked up by the trees or evaporated from leaves and branches. This is cheap and 

environmentally beneficial. 

Wetlands and flood storage areas 

These are areas that are deliberately allowed to flood to form flood storage areas. This 

means flooding in other sections of the river is less likely 

Floodplain zoning 

Building on/near floodplains is restricted to reduce the amount of property damaged. Can be 

hard to implement if the floodplains have already been developed and can cause land prices 

to fall. 

River restoration 

Getting rid of man-made features of a river to turn it back to its original shape and slow the 

river flow down. This means it will be less likely to cause flooding downstream. 

Preparing for floods 



In England and Wales the Environment Agency issues flood warnings if flooding is likely. 

Warnings are sent to the emergence services and the public using social media, text and 

email. There are three levels of warning: 

1. Flood Watch- flooding of low-lying land and roads is expected. People should be 

prepared and watch river levels. 

2. Flood Warning- there is a threat to homes and businesses. People should move items of 

value to upper floors and to turn off electricity and water 

3. Sever Flood Warning- extreme danger to life and property is expected. People should 

stay in an upper level of their home or leave the property.  

The Environment Agency makes maps identifying areas at risk from flooding. People living in 

these areas are encouraged to plan for floods. This might include: 

 Planning what to do if there is a flood (e.g. moving valuable items upstairs) 

 Using flood gates to prevent floodwater from damaging property 

 Using sandbags to keep floodwater away from buildings. 

Flood prediction is based on probability and one of the ‘costs’ is that places can become 

blighted by being ‘at risk’ from flooding. This can cause property values to drop and insurance 

premiums to increase. 

 

Managing floods at Banbury- Case Study 

Where? 

Located in the Cotswold Hills about 50km north of Oxford. The town has a population of 

around 45 000 people. Much of the town is on the floodplain of the River Cherwell, a 

tributary of the River Thames. 

 

Effects of flooding in Banbury 

1998- The town’s railway station and local roads were closed. £12.5 million worth of damage. 

Businesses and homes affected. 

2007- Many homes and businesses were affected as the river burst its banks after very 

heavy rain. 

Reducing the Risk in Banbury 



2012- 2.9km earth embankment was built parallel to the M40 mortorway. Has increased 

capacity of the river by 3 million cubic metres of water- that’s 1200 Olympic-size swimming 

pools! It has an opening which is used to reduce the amount of flow during periods of high 

precipitation. The water gets stored in the embankment reservoir instead.  

 

Key words 

Drainage basin- an area of land drained by a river and its tributaries 

Source- Where the river begins  (upper course)  

Mouth- Where the river widens and meets the ocean (lower course) 

Meanders- wide bends of a river 

Oxbow lake- The previous meander of a river which has been cut off to leave a lake 

Thalweg- The fastest route in the river 

Floodplain- The land adjacent to the river which floods 

Erosion- The wearing away of land 

Deposition- The dropping of sediment by a river 

Transportation- the movement of sediment by a river 

Precipitation- Water that falls from the sky e.g. rain, snow, hail 

Relief- height and shape of the land 

 

Exam style questions 

1. How does the long profile of a river change downstream? (4 marks) 

2. Describe how the river channel changes downstream (6 marks) 

3. Explain how different types of erosion can affect the size of the river channel (4 

marks) 

4. Discuss how erosion, transportation and deposition influence each other (9 marks) 

5. Describe and explain the formation of erosional landforms along a river (6 marks) 

6. Describe and explain the formation of depositional landforms along a river (6 marks) 

7. Describe how both deposition and erosion can simultaneously influence landforms of a 

river (4 marks) 

8. Using a named example, explain the formation of a waterfall (6 marks) 

9. Describe and explain physical and human factors influencing flood risk (6 marks) 

10.  Describe the influences that shape a hydrograph (4 marks) 

11. Using examples, discuss the cost and benefits of hard engineering (9 marks) 

12. Using examples, discuss the cost and benefits of soft engineering (9 marks) 

13. Using a named example, describe how flood management can reduce risk of flooding (6 

marks) 


