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Getting the most from this book


This Need to Know guide is designed to help you throughout your course as a companion to your learning and a revision aid in the months or weeks leading up to the final exams.


The following features in each section will help you get the most from the book.
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You need to know


Each topic begins with a list summarising what you ‘need to know’ in this topic for the exam.
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Key terms


Definitions of highlighted terms in the text to make sure you know the essential terminology for your subject.
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Exam tip


Key knowledge you need to demonstrate in the exam, tips on exam technique, common misconceptions to avoid and important things to remember.
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Synoptic links


Reminders of how knowledge and skills from different topics in your A-level relate to one another.
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Do you know?


Questions at the end of each topic to test you on some of its key points. Check your answers here: www.hoddereducation.co.uk/needtoknow/answers
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End of section questions


Questions at the end of each main section of the book to test your knowledge of the specification area covered. Check your answers here: www.hoddereducation.co.uk/needtoknow/answers
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1 Coastal landscapes



1.1 Coastal systems
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You need to know




•  coastal landscapes can be viewed as systems


•  how coastal landscape systems are influenced by a range of physical factors


•  the main sources of sediment in a coastal system
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Systems


Coastal landscapes act as natural open systems, with inputs, processes and outputs (Table 1).
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Key term


System Any set of interrelated components that are connected together to form a working unit or unified whole.


[image: ]





Table 1 Features of a coastal system






	Inputs

	
Marine: energy from waves; tides and sea currents; salt spray

Geological: rock type; rock structure; products of weathering


Atmospheric: wind energy; precipitation; temperature; sea level change


Human activity: land use; coastal protection








	Weathering/erosional processes

	
Weathering: physical; chemical; biological

Erosion: hydraulic action; wave quarrying; abrasion; attrition


Mass movement: landslides; rockfalls; mudflows; rotational slips; soil creep








	Erosional components

	
Erosional landforms and landscapes: cliffs; headlands and bays; wave-cut platforms; geos; caves, arches and stacks






	Transport processes (flows)

	
Water transport: longshore drift; onshore and offshore movement; traction; saltation; suspension

Wind transport: surface creep; saltation








	Depositional components (stores)

	
Depositional landforms and landscapes: beaches; spits; tombolos; bars and barrier beaches; sand dunes; salt marshes






	Outputs

	Energy; onshore sediment; marine sediment







Feedback


Energy and material flow (transfer) through the coastal system, often involving feedback mechanisms.


An example of positive feedback:





•  sea walls prevent flooding, but they also limit cliff erosion



•  this restricts the release of sediment into the coastal system



•  this sediment might otherwise have been re-deposited and helped protect the coastline
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Key term


Positive feedback Where a change causes a further, or snowball, effect that continues or even accelerates the original change.
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An example of negative feedback:





•  sediment is eroded from a beach during a storm, and is then deposited offshore to form a bar



•  waves break before reaching the beach, dissipating their energy and therefore reducing erosion of the beach



•  normal wave conditions re-work offshore deposits back to the beach





Sediment cells and budgets


Sediment cells:





•  DEFRA has identified eleven major sediment cells for England and Wales, which form the basic units for coastal management



•  each cell is separated by headlands or stretches of open water



•  most cells are divided into sub-cells



•  sediment cell theory is a key component of Shoreline Management Plans, which decide on future strategies of coastal management (see page 19)







[image: ]


Key terms


Negative feedback Acts to lessen the effect of the original change and ultimately to reverse it.


Sediment (or littoral) cell A length of coastline and its associated near-shore area, within which the movement of coarse sediment (sand and shingle) is largely self-contained.


DEFRA The Department for Environment, Food and Rural Affairs.
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Exam tip


The UK case study of a coastal landscape in Section 1.2 Coastal landforms (page 15) will require you to know which DEFRA cell, or sub-cell, it is located in.
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Sediment budgets:





•  see Figure 1
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Key term


Sediment budget The relationship between accretion and erosion, which can be used to predict the changing shape of a coastline over time.
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Physical factors


Wind and waves


Key points:





•  waves are caused by the wind blowing over the surface of the sea



•  as wind drags over the water surface, friction causes a disturbance and forms waves



•  waves at sea follow an orbital movement — objects on the water do not travel forward



•  when a wave reaches shallow water, the movement of the base of the wave is slowed by friction with the sea bed



•  the wave spills forward as a breaker, moving objects forward with it in the swash




•  it then draws back to the sea as backwash






Wave energy is controlled by:





•  the force of the wind and its direction



•  the duration of the wind



•  the fetch — the longer the fetch, the more energy waves possess





There are three types of breaking wave:





•  spilling — waves breaking on to gently sloping beaches; water flows gently forward as the wave breaks



•  plunging — steep waves breaking on to steep beaches; water falls vertically downwards



•  surging — low-angle waves breaking on to steep beaches; the wave slides forward





Constructive waves:





•  build beaches



•  are the product of distant weather systems



•  have longer wavelengths, lower height and are less frequent (6–8 per minute)



•  swash is greater than backwash so they add to beach materials, giving rise to a gently sloping beach



•  the upper part of such a beach is marked by a series of small ridges called berms (see Figure 4)







[image: ]


Key terms


Swash The landward flow of water up a beach.


Backwash The seaward flow of water down a beach.


Fetch The distance over which the wind has blown to produce waves.


Berm A small ridge at the back of a beach, corresponding to a previous high tide.


Tides The periodic rise and fall in the level of the water in the oceans caused by the gravitational attraction of the moon and sun.
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Destructive waves:





•  have a shorter wavelength, a greater height and are more frequent (10–14 per minute)



•  backwash is greater than the swash so that sediment is dragged offshore



•  create a steeper beach profile initially, though over time the beach will flatten as material is drawn backwards



•  form shingle ridges at the back of a beach (storm beaches — Figure 4), created by local storms
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Exam tip


When asked to compare or contrast different types of waves, make sure you make clear comparative statements rather than separate statements.
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Tides


Key points:





•  tides are produced by the gravitational pull of the moon and the sun — as the moon orbits the Earth, high tides follow it



•  the moon pulls water towards it and there is a compensatory bulge on the opposite side of the Earth



•  at various locations between the two bulges, there is a low tide



•  the highest tides occur when the moon and sun are aligned, when the gravitational pull is at its strongest



•  this happens twice each lunar month and results in spring tides with a high tidal range




•  twice a month, the moon and the sun are at right angles to each other and the gravitational pull is therefore at its weakest, producing neap tides with a low range





Tidal ranges:





•  are low in enclosed seas — wave action is restricted to a narrow area of land



•  are higher in places where the coast is funnelled, such as estuaries
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Exam tip


Note that tides only reinforce the action of waves; tidal range is the main factor in coastal processes.
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Geology


Key points:





•  some rock types (e.g. clay) have a weak lithology, with little resistance to erosion, weathering and mass movements



•  others (e.g. basalt, granite) are made of dense interlocking crystals and are very resistant



•  porous rocks (e.g. chalk) have a structure with tiny air spaces that separate the mineral particles, allowing them to absorb and store water



•  carboniferous limestone is also permeable because of its many joints





Ocean currents


Key points (Figure 2):





•  warm ocean currents transfer heat-energy from low latitudes towards the poles



•  cold ocean currents move cold water from polar regions towards the Equator



•  an ocean current has limited impact on coastal landscape processes



•  the transfer of heat-energy can be significant — it directly affects air temperature and therefore the sub-aerial processes of weathering and mass movement (see pages 10–11)
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Key terms


Tidal range The difference between the water level at high tide and at low tide.


Lithology The physical and chemical composition of rocks.


Structure The properties of individual rock types, such as jointing, bedding and faulting, which affect the permeability of rocks.


Ocean currents Flows of water generated by the Earth’s rotation, set in motion by the movement of winds across the water surface.
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Sediment sources


The various sources of sediment:





•  rivers — material is weathered and eroded inland and deposited in their mouths/estuaries or taken out to sea



•  the sea bed — brought from offshore deposits by waves in storms



•  erosion of the coastline — especially from weak cliffs made of soft rock



•  transported material — blown by wind (aeolian) or moved along a coast (longshore drift)



•  human activity — through beach nourishment
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Key term


Beach nourishment The addition of sand or pebbles to an existing beach to make it higher or wider.
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Do you know?





1  Referring to one coastal area you have studied, identify the main stores in that area.



2  Identify one feedback mechanism arising from human activity in a coastal area.



3  What causes a wave to break?



4  Explain why a plan view of an area may be useful when describing the effects of geology on a coastline.
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1.2 Coastal landforms
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You need to know




•  the main geomorphological processes that act on a coastline


•  how coastal landforms can be created by erosional and depositional processes


•  how coastal landscapes are made up of a variety of landforms, which are inter-related


•  how and why coastal landscapes change over time
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Processes


Physical weathering


Frost shattering:





•  takes place in rocks that contain crevices and joints, and where temperatures fluctuate around 0°C



•  water enters the joints and, during cold nights, freezes



•  as ice occupies around 9% more volume than water, it exerts pressure within the joint



•  this alternating freeze–thaw process slowly widens the joints, eventually causing bits to break off from the main body of rock



•  leads to the formation of scree slopes





Salt weathering:





•  takes place when a rock becomes saturated with water that contains salt



•  some of the salt crystallises and begins to exert pressure on the rock because the salt crystals are larger than the spaces in which they are being formed



•  the process repeats over time and causes the disintegration of the rock
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Key terms


Scree Collections of loose rock at the base of a slope.


Weathering Involves the breakdown of rocks into smaller fragments through mechanical processes such as expansion and contraction, mainly due to temperature change.
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Chemical weathering


Main features:





•  involves the decay or decomposition of rock in situ



•  usually takes place in the presence of water, which acts as a dilute acid



•  the end products are either soluble and removed in solution, or have a different volume, usually bigger, than the mineral they replace



•  the rate tends to increase with rising temperature and humidity levels



•  for carbonic acid (carbonation) on limestones, lower temperatures produce greater rates of weathering



•  can also occur from the action of dilute acids, resulting both from atmospheric pollution (sulphuric acid) and from the decay of plants and animals (organic acids)
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Exam tip


Ensure you know the difference between weathering and erosion processes.
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Mass movement


The rate of mass movement (Table 2) depends on:





•  the degree of cohesion of the weathered material (regolith)



•  the steepness of the slope down which the movement takes place



•  the amount of water contained in the material
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Key terms


Mass movement The down-slope movement of weathered material under the influence of gravity.


Regolith The collective name for all of the material produced by weathering.
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Note: A large amount of water adds weight to the mass, but more importantly lubricates the plane along which movement can take place.


Table 2 Types of mass movement on coasts






	Mass movement

	Commentary






	Creep

	


•  slow downhill movement of soil



•  tends to operate on slopes steeper than 6°



•  evidence is shown by small terracettes on a hillside










	Earthflows

	


•  when regolith becomes saturated, internal friction between the particles is reduced and the debris moves under gravity



•  can occur on slopes as gentle as 5° once mobile



•  usually needs a slope of about 10° to initiate movement










	Mudflows

	


•  occur in areas that experience torrential rain falling on ground that has limited protection from vegetation cover



•  regolith becomes saturated, increasing the pore pressure in the debris and reducing the frictional resistance between particles



•  more rapid than earthflows










	Rock falls

	


•  where erosion is concentrated at the base of a cliff, it becomes unstable and collapses into the sea










	Landslides

	


•  occur when rocks and/or regolith have bedding planes or when material in one plane/layer becomes very wet and over-lubricated



•  the added weight from water causes the plane/layer to slip down-slope under gravity over the underlying layers










	Slumping

	


•  saturated material moves suddenly, resulting in whole sections of cliffs moving down towards a beach



•  often happens where softer material overlies strata that are far more resistant



•  the slip plane is often concave, producing a rotational movement











Wave erosion


Wave erosion operates by a variety of processes (Table 3).


Table 3 Wave erosion processes






	Erosion process

	Commentary






	Hydraulic action

	


•  where a wave breaking against rocks traps air into cracks in the rock under pressure, which is then released suddenly as the wave retreats



•  causes stress in the rock that creates more cracks, allowing the rock to break up more easily



•  also includes pounding — the sheer weight and force of water pushing against a cliff face causing it to weaken










	Abrasion (corrasion)

	


•  where material carried by waves (the load) is used as ammunition to wear away rocks on a cliff or a wave-cut platform as the material is thrown or rubbed against it repeatedly by each wave



•  where abrasion is targeted at specific areas such as notches or caves, it is referred to as quarrying










	Attrition

	


•  loose rocks are broken down into smaller and more rounded pebbles, which are then used in abrasion










	Cavitation

	


•  when air bubbles trapped in fast-moving water collapse, causing shock waves to break against the rocks under the water



•  repeated shocks of this nature weaken the rock











Transportation


Material is transported along a coastline by:





•  swash and backwash (see page 7)



•  longshore (littoral) drift: material is moved along a shoreline by waves that approach at an angle; swash moves sand and shingle up the beach at an angle but the backwash is at right angles to the beach; this results in material zigzagging its way along the beach according to the prevailing wave direction; material in both suspension and larger fragments is moved this way



•  traction: when large stones and pebbles are rolled along the sea bed and across a beach





Material is also eroded and transported in coastal areas by runoff (fluvial erosion) — the flow of water overland either in small channels (rills) or as streams and rivers.




[image: ]


Exam tip


Note, despite what many textbooks state, that solution is not a major form of erosion by the sea — the water is too alkaline.
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Deposition


Deposition occurs in low-energy environments, such as bays and estuaries:





•  when sand is deposited on a beach and dries out, it can be blown further inland by the wind (aeolian erosion) to form sand dunes at the back of the beach



•  in a river estuary, mud and silt can build up in sheltered water to create a salt marsh (see Figure 5); here the fresh water of the river meets the salt water of the sea, causing flocculation of suspended material to occur and creating extensive areas of mudflats
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Key terms


Suspension The process by which very small particles are held in water.


Flocculation The process by which a river’s load of clays and silts carried in suspension is deposited more easily on its meeting with sodium chloride in sea water.
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Erosional landforms



Cliffs, headlands and bays:





•  form when rocks of differing hardness are exposed together at a coastline



•  tougher, more resistant rocks (e.g. granite and limestones) form headlands with cliffs



•  weaker rocks (e.g. clays and shales) are eroded to form sandy bays



•  wave refraction is a key process
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Exam tip


Note that wave erosion is much more important on a coastline than the combined influences of fluvial and aeolian erosion.
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Key term


Wave refraction When erosion concentrated on headlands causes erosion, whereas in bays the waves spread over a wider area and their energy is dissipated causing more deposition.
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Wave-cut (shore) platforms:





•  see Figure 3
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Caves, arches, stacks and stumps:





•  erosion takes place on a cliff face where there is a weakness, such as joints or bedding planes



•  where waves open up a prolonged joint, they form a deep and steep-sided inlet — a geo



•  smaller hollows can be excavated to create caves



•  a crack at the rear of a cave may open up like a chimney to the surface of the cliff top — a blow hole



•  where caves are created on either side of a headland and are eroded back, they can ‘meet’ each other (the backwall collapses), forming an arch



•  the sea is now able to splash under the arch, further weakening it until eventually the roof collapses leaving the seaward side as a separate island — a stack



•  over time the stack erodes to form a stump
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Exam tip


You may be asked to describe any of these landforms. Refer to size, shape, nature of sediments and field relationship (i.e. where the landform lies in relation to the landscape).
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Depositional landforms



Beaches:





•  built up by accretion in and across bays — made of sand or shingle, or a mixture of both



•  are either swash-aligned — where sediment is taken up and down the beach with little sideways transfer — or drift-aligned, where sediment is transferred along a beach by longshore drift



•  can be sub-divided into different zones (see Figure 1):







    •  offshore: beyond the influence of breaking waves


    •  nearshore: intertidal and within the breaker zone


    •  backshore: usually above the influence of normal wave patterns, marked at the lower end by berms, and may have a storm beach further up (Figure 4)
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Key term


Accretion The growth of a natural feature by enlargement. In the case of coasts, sand spits grow by accretion as do other land forms such as sand dunes.
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Spits, tombolos:





•  are long, narrow stretches of sand/shingle that protrude into the sea or across an estuary



•  result from materials being moved along the coast by longshore drift



•  this movement continues in the same direction when the coastline curves; where there is an estuary with a strong current that interrupts the movement of material, they project out into it



•  the end of the spit is often curved (creating a series of laterals) where waves are refracted around the end of the spit into more sheltered water behind



•  a tombolo is where a spit joins the mainland at one end to an island at the other





Onshore bars and barrier beaches:





•  a bar is created where a spit has developed right across a bay because there are no strong currents to disturb the process



•  this dams brackish water behind it, forming a lagoon



•  bars also develop as a result of storms raking up pebbles and, left in ridges offshore, this shingle creates a barrier beach





Salt marshes:





•  sheltered river estuaries or the zones in the lee of spits become areas of extensive accumulations of silt and mud (mudflats), aided by flocculation and gentle tides



•  these inter-tidal areas are colonised by vegetation, and a succession of plant types may develop over time — a halosere — creating a salt marsh (Figure 5)



•  the initial plants of a halosere must be tolerant of both salt and regular inundation at high tide — they must also have a long root system and a mat of surface roots to hold the mud in place



•  as the mat of vegetation becomes more dense, the impact of the tidal currents reduces; humus levels then increase, allowing reeds and rushes to grow and, later, alder and willow



•  salt marshes often have complex systems of waterways — creeks
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Key term


Halosere The succession of plants that develops in a salt marsh — including eelgrass, spartina grass, cord grass and sea lavender.
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Exam tip


A good way to demonstrate you know what each of these erosional and depositional landforms looks like is to draw a sketch. Give it a go!
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Case studies: Coastal landscapes


You are required to study one high energy coastline and one low energy coastline, at least one of which must be beyond the UK.


High energy coastlines:





•  exist where wave power is strong for a greater part of the year



•  face the prevailing and dominant wind direction



•  face the direction of the longest fetch





Low energy coastlines:





•  include estuaries, inlets and sheltered bays



•  wave heights are considerably lower than high energy coasts



•  waves spread outwards and energy is dissipated, leading to the deposition of transported material





For each of these case studies, you should illustrate:





•  physical factors that influence the formation of landforms within the landscape system — geology, winds, tides, waves, sediment cells and sediment sources



•  the interrelationship of a range of landforms within the landscape system



•  how and why the landscape system changes over time — including short-term changes (e.g. storm events), medium-term changes (e.g. seasonal changes in beach profiles) and long-term changes (e.g. wave-cut platform or spit development)
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