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Introduction


This textbook has been written specifically to support the OCR A Level Geography specification, introduced for first teaching in September 2016. It is the outcome of close collaboration between OCR, Hodder Education and a small team of specialist writers. The writing team between them have extensive experience of teaching OCR A Level Geography and have published widely. They bring a unique insight into the resources that students and teachers need to support the new examination. The book has been designed as a comprehensive resource and should give confidence, particularly in those topics which are new to A Level Geography. However, at the same time, we also appreciate the need to encourage students to read and research beyond the limits of the book itself.

The textbook has a number of exceptional features. As well as providing detailed and up-to-date information on the content of the A Level specification, it is lavishly illustrated with case studies, charts, maps and photos.

Other distinctive key features include:


	•  a summary of specialised concepts to underline their importance in the context of specific topics (pages vi–vii)

	•  a range of activities to test knowledge, understanding and skills, with some designed to stretch and challenge the most able students

	•  review questions, formed of simple question and answer tasks, which encourage students to revisit topics and consolidate understanding

	•  a comprehensive glossary providing definitions of key words and phrases

	•  practice questions at the end of each chapter which include extended response questions marked with an asterisk

	•  where appropriate, fieldwork ideas based on the authors’ own teaching.



In examination Paper 3: Geographical Debates, the questions in Section B are synoptic. These require students to make links between compulsory topics in Papers 1 and 2 and the chosen options in Paper 3. To assist with this, in Part 3, Chapters 10–14, the Synoptic links feature identifies potential, relevant links to pages in Chapters 1–9. There will be other synoptic links that students can make between the topics they have covered. This will in part depend on the case studies that are studied.

Fieldwork methods and other geographical techniques, including guidance on independent investigations, form the last two chapters. They provide a reference for essential quantitative and qualitative skills such as data presentation, data collection and data analysis, required both for the independent investigation and for answering questions on geographical techniques in the written examination.

Finally, we hope that this new textbook presents geography as a thoroughly relevant and worthwhile field of study. We also hope that it provides young people with an insight into the dynamic physical and human processes, as well as some of the most important issues, that shape our modern world.

Michael Raw (Author and Editor)


Schemes of assessment

This title covers the A Level Geography specification, including all the optional content.


Summary of the OCR A Level Geography specification and its coverage in this textbook


OCR A Level Geography Paper 1: Physical systems

66 marks; timing: 1 hour 30 minutes




	Content
	Chapter





	Topic 1.1 Landscape systems
One of these topics must be studied:


	•  Option A Coastal landscapes

	•  Option B Glaciated landscapes

	•  Option C Dryland landscapes



	
 

 

Chapter 1

Chapter 2

Chapter 3




	Topic 1.2 Earth’s life support systems
	Chapter 4



	Geographical skills
	Chapter 15







OCR A Level Geography Paper 2: Human interactions

66 marks; timing: 1 hour 30 minutes




	Content
	Chapter





	Topic 2.1 Changing spaces; making places
	Chapter 5



	Topic 2.2 Global connections
	 



	Global systems
	 



	One of these topics must be studied:
	 



	

	•  Option A Trade in the contemporary world

	•  Option B Global migration




	
Chapter 6

Chapter 7




	Global governance
	 



	One of these topics must be studied:
	 



	
	•  Option C Human rights

	•  Option D Power and borders



	
Chapter 8

Chapter 9





	Geographical skills
	Chapter 15







OCR A Level Geography Paper 3: Geographical debates

108 marks; timing: 2 hours 30 minutes




	Content
	Chapter





	Two of these topics must be studied:
	 



	Topic 3.1 Climate change
	Chapter 10



	Topic 3.2 Disease dilemmas
	Chapter 11



	Topic 3.3 Exploring oceans
	Chapter 12



	Topic 3.4 Future of food
	Chapter 13



	Topic 3.5 Hazardous Earth
	Chapter 14



	Geographical skills
	Chapter 15







OCR A Level Geography: Independent investigation

60 marks; non-exam assessment

Guidance on the independent investigation can be found in Chapter 16, pages 566–73.





Country classifications

Throughout the OCR specification the following three terms are used to classify countries. These terms were used by the International Monetary Fund (IMF) when the specification was published in 2016. The IMF regularly reappraises which group a country is placed in and adjusts its lists accordingly.


	•  Advanced countries (ACs) share a number of important economic development characteristics including well-developed financial markets, high degrees of financial organisation linking demand and supply of capital, goods and information, and diversified economic structures with rapidly growing service sectors. As of 2021, 39 countries are in this group. The IMF now refer to these as advanced economies.

	•  Emerging and developing countries (EDCs) neither share all the economic development characteristics required to be an AC nor are eligible for the Poverty Reduction and Growth Trust, an IMF plan to provide financial support to developing countries. As of 2021, 96 countries are in this group. The IMF now refer to these as emerging market and middle-income economies.

	•  Low-income developing countries (LIDCs) are eligible for the Poverty Reduction and Growth Trust. As of 2021, 59 countries are in this group.








Specialised concepts


Adaptation – responses to environmental change which aim to modify human behaviour and economic systems permanently. For instance, declining rainfall and water shortages might encourage farmers to introduce more efficient drip irrigation, grow drought-resistant crops or convert arable to livestock enterprises. The increased frequency of heat waves in large urban areas might encourage planners to expand areas of parkland, open water and trees. Flood risks could be reduced by ‘setting back’ settlements on lowland coasts and preventing vulnerable new development locating on floodplains.

Causality – the relationship between cause and effect. A causal agent creates change in a dependent variable – for example, torrential rainfall (cause) leads to widespread flooding (effect). In geography most issues, such as global poverty, international migration, disease epidemics and deforestation, are complex and have multiple causes. In these situations isolating the causal factors and assessing their relative importance is often both difficult and contentious.

Equilibrium – the state of stability in a system achieved when a balance exists between inputs and outputs. For instance, in the Earth–atmosphere system, if inputs of short-wave solar radiation balance outputs of long-wave terrestrial radiation and reflection of solar radiation from clouds, snow and other surfaces, the global climate in the long-term will be stable. Equilibrium in glacial systems is achieved when there is a mass balance between inputs of snow and ice, and outputs of water through melting, evaporation and sublimation. Although fluctuations in inputs and outputs will occur from year to year, glaciers will show no long-term trend towards advance or retreat.

Feedback – an automatic internal response to change in systems. Negative feedback restores a system to balance; positive feedback amplifies change, which causes further disequilibrium. Global warming creates both negative and positive feedback responses. Rising global temperatures increase evaporation and cloud cover, which reflects more incoming solar radiation and eventually lowers temperatures. This is negative feedback. On the other hand, higher rates of evaporation increase the volume of water vapour in the atmosphere. Vapour, a potent greenhouse gas, absorbs more out-going terrestrial radiation, raising global temperatures and further increasing evaporation. This is a positive feedback effect.

Globalisation – the multiple interconnections and linkages between nations, groups of people, businesses and individuals which make up the modern world system. Time–space compression has transformed the ways that economic, social, political and cultural processes operate. Perhaps the key element of globalisation is the integration of human activities across the globe. Events, decisions and activities in one part of the world can have significant consequences for people far away. Globalisation is a ‘contested concept’. People disagree about whether it is an inevitable force and if it means that the national or local are no longer important. It is clear that the processes of globalisation are not the same everywhere and that there are winners and losers among people and places from its effects.

Identity – how something is recognised. For geographers the concept of identity is closely associated with place. The identity of an individual or of groups living in a particular town, region or country is shaped by place, which in turn is shaped by identity. People have different identities because the places they live in are different, whether an inner city or suburb, urban or rural area, LIDC or AC. Often identity has an emotional connection with specific places, especially the place we call ‘home’. National identities can draw people together in a positive way but at the same time can be exploited to turn against people considered to be outsiders with a different identity.

Inequality – the unequal distribution of resources, opportunities, well-being etc. within society. Some inequalities raise moral questions such as contrasts in wealth, access to health care, employment, education and so on. Geographers are particularly concerned with spatial inequalities at scales which range from intra-urban and regional to global. Analysis of spatial inequalities raises issues of social justice and poses questions concerning their causes and their economic, social, political and environmental impact.

Interdependence – at global scale, the mutual dependence of two or more countries in which there is a reciprocal relationship. Economic interdependence through trade is where a country, such as an AC, exports manufactured goods to another, such as an LIDC, and imports raw materials in return. Socio-economic interdependence through migration occurs where economic migrants provide labour in a country and on return bring newly acquired skills, ideas and values to their home country. Increasingly countries are becoming interdependent in their effects on the global environment and in their political relationships. Interdependence is a growing feature of globalisation and important in the development process.

Mitigation: action which is taken to lessen the impact of natural hazards on people, economy and society. It does not aim to prevent hazards. Mitigation responses vary from investment in hard structures such as sea walls, dams and quake-resistant buildings to reforestation of upland catchments and the development of early warning systems and emergency planning.

Representation – the ways by which meanings are given to the world. We try to understand the world around us by describing it in ways that make sense to us. This is influenced by our perceptions, which in turn are moulded by factors such as our age, gender or educational experiences. The ways we represent (literally re-present) the world is also strongly influenced by the culture we have grown up in. A teenager based in an AC urban setting will represent the world differently from a teenager from an LIDC rural environment. Representations include prose, pictures, architecture, and landscapes – in fact anything humans have had an influence on.

Resilience – the ability of countries, communities, households and environmental systems to resist, absorb and recover from the effects of shocks or stresses such as earthquakes, drought or violent conflict. Social resilience is the ability of communities to cope with disturbances as a result of social, political or environmental change. The resilience of a state depends on the fragility of its state apparatus and its capacity to respond to conflict or political upheaval. Ecological resilience is the characteristic of ecosystems to maintain themselves by resisting damage and recovering through negative feedback in the face of disturbances. Resilience building is central to current approaches to addressing disasters both natural and man-made.

Risk – the probability of a range of possible outcomes resulting from specific events such as economic shock or hazard. In economic geography, this includes risks for companies involved in global supply chains such as political and economic instability, cyber-crime, or terrorism and piracy. For natural hazards, risk depends on the type and nature of the hazard, the probability of its occurrence, its magnitude, and the relative vulnerability of the people and environment that might be affected. Risk affects how we live and interact in society; it is likely to be exacerbated by climate change and land-use change and the effects of globalisation.

Sustainability – the use of resources that is environmentally and economically viable in the long term. Sustainability ensures the integrity, productivity and health of environmental and economic systems. Sustainable systems achieve a balance between supply and demand without having adverse impact on the physical and economic environment. Examples include the development of renewable energy such as solar and wind power, which are inexhaustible and do not impact the global energy budget. In contrast, reliance on fossil fuels is unsustainable. Not only are fossil fuels finite, their combustion contributes to rising levels of atmospheric carbon dioxide, global warming and climate change.

Systems – systems are groups of related objects, whether physical or human. An ecosystem, for example, comprises living organisms and the relationships both between organisms and between organisms and the environment. Physical systems are powered by inputs of solar energy, and most are open, with inputs and outputs of both energy and materials. The relationships between a system’s components bind it together so that change in one component often has far-reaching impacts throughout the system. This quality of ‘wholeness’ is known as holisticity. Systems are found at all scales: from a garden pond, to a drainage basin, to the global atmospheric and global economic systems.

Thresholds – critical ‘tipping points’ in a system, which if exceeded result in massive and irreversible change. Climate scientists regard an increase in global warming beyond 2° C by 2100 as a tipping point, resulting in damaging and irreversible consequences for climate and other global environmental systems. A smaller scale tipping point is seen in livestock farming in dryland ecosystems. Overstocking of pastures beyond a certain threshold can cause severe damage to vegetation, leading to soil erosion, land degradation and a permanent reduction in energy flux and ecosystem productivity.
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Part 1

Physical systems



	•  Chapter 1 Coastal landscapes

	•  Chapter 2 Glaciated landscapes

	•  Chapter 3 Dryland landscapes

	•  Chapter 4 Earth’s life support systems
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Chapter 1 Coastal landscapes



1.1 How can coastal landscapes be viewed as systems?
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Key idea


	•  Coastal landscapes can be viewed as systems
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The development of a coastal landscape over time can be viewed within a systems framework. A system is a set of interrelated objects comprising components (stores) and processes (links) that are connected together to form a working unit or unified whole. Coastal landscape systems store and transfer energy and material on time scales that can vary from a few days to millennia (thousands of years).

The energy available to a coastal landscape system may be kinetic, potential or thermal. It is this energy that enables work to be carried out by the natural, geomorphic processes that shape the landscape.

The material found in a coastal landscape system is predominantly the sediment found on beaches, in estuaries and in the relatively shallow waters of the nearshore zone.


The components of open systems

Coastal landscape systems are recognised as being open systems (Figure 1.1). This means that energy and matter can be transferred from neighbouring systems as an input. It can also be transferred to neighbouring systems as an output. A good example of this is the input of fluvial sediment from a river, as it deposits its load at the mouth when available energy decreases.

In systems terms, a coastal landscape has:


	•  inputs – including kinetic energy from wind and waves, thermal energy from the heat of the Sun and potential energy from the position of material on slopes; material from marine deposition, weathering and mass movement from cliffs.

	•  outputs – including marine and wind erosion from beaches and rock surfaces; evaporation.

	•  processes – which consist of stores, including beach and nearshore sediment accumulations; and flows (transfers), such as the movement of sediment along a beach by longshore drift.




[image: ]

Figure 1.1 Open systems





System feedback in coastal landscapes

When a system’s inputs and outputs are equal, a state of equilibrium exists within it. In a coastal landscape, this could happen when the rate at which sediment is being added to a beach equals the rate at which sediment is being removed from the beach; the beach will therefore remain the same size.

When this equilibrium is disturbed, the system undergoes self-regulation and changes its form in order to restore the equilibrium. This is known as dynamic equilibrium, as the system produces its own response to the disturbance. This is an example of negative feedback.



Sediment cells

A sediment cell is a stretch of coastline and its associated nearshore area within which the movement of coarse sediment, sand and shingle is largely self-contained. A sediment cell is generally regarded as a closed system, which suggests that no sediment is transferred from one cell to another. There are eleven large sediment cells around the coast of England and Wales, as shown in Figure 1.2. The boundaries of sediment cells are determined by the topography and shape of the coastline. Large physical features, such as Land’s End, act as huge natural barriers that prevent the transfer of sediment to adjacent cells. In reality, however, it is unlikely that sediment cells are completely closed. With variations in wind direction and the presence of tidal currents, it is inevitable that some sediment is transferred between neighbouring cells. There are also many sub-cells of a smaller scale existing within the major cells.


[image: ]

Figure 1.2 Sediment cells of England and Wales
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	1  Draw a diagram to show the operation of a closed system.

	2  Describe the distribution of sediment cells shown in Figure 1.2.
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[image: ] Review questions


	1  Define the term ‘millennia’.

	2  What is the difference between kinetic and potential energy?

	3  What determines whether a system is ‘open’ or ‘closed’?

	4  Distinguish between ‘spatial’ and ‘temporal’ variation.

	5  What determines the boundaries of sediment cells?

	6  Explain why sediment cells are unlikely to be completely closed systems.
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Key idea


	•  Coastal landscape systems are influenced by a range of physical factors
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The development of coastal landscapes and their operation as systems are influenced by a range of physical factors. These factors influence the way processes work, and consequently affect the shaping of the landscape. They also vary in terms of their spatial (from place to place) and temporal (over time) impacts. In any one location, or at any one time, some factors will have greater significance than others, and sometimes a factor may have very little influence at all. The factors themselves may also be interrelated, i.e. one factor may influence another.



Winds

The source of energy for coastal erosion and sediment transport is wave action. This wave energy is generated by the frictional drag of winds moving across the ocean surface. The higher the wind speed and the longer the fetch, the larger the waves and the more energy they possess. Onshore winds, blowing from the sea towards the land, are particularly effective at driving waves towards the coast. If winds blow at an oblique angle towards the coast, the resultant waves will also approach obliquely and generate longshore drift.

Wind is a moving force and as such is able to carry out erosion, transportation and deposition itself. These aeolian processes contribute to the shaping of many coastal landscapes.
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Skills focus

A small island has the following fetch distances:

North 2 km

East 50 km

South 140 km

West 800 km

Using the formula H = 0.36√F (H in metres, F in kilometres), calculate the maximum wave height (H) that can be generated by each of these fetch distances (F).
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Waves

A wave possesses potential energy as a result of its position above the wave trough, and kinetic energy caused by the motion of the water within the wave (Figure 1.3). It is important to realise that moving waves do not move the water forward, but rather the waves impart a circular motion to the individual water molecules. If you have ever seen a ball floating in the sea, you will have observed this phenomenon. As a moving wave passes beneath the ball, it rises and falls but does not move horizontally across the water surface.
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Figure 1.3 Water movement in a wave



The amount of energy in a wave in deep water is approximated by the formula:

P = H2T

where P is the power (energy) in kilowatts per metre of wave front, H is wave height in metres and T is the time interval between wave crests in seconds, known as wave period. The relationship between wave height and wave energy is non-linear.

Table 1.1 shows that Atlantic waves are eight times higher than English Channel waves, but have 70 times more energy. The data show that wave height is a more important factor than wave period in determining wave energy.

Table 1.1 Atlantic Ocean and English Channel waves




	Location
	Wave height (m)

	Wave period (sec)

	Energy (kW per m)






	Atlantic Ocean
	5.0

	8

	200




	English Channel
	0.6

	6

	2.16
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Skills focus

Using the formula P = H2T


	1  Calculate the energy of a wave with a height of 4 m and a period of 10 seconds.

	2  How high would a wave be if its period was 5 seconds and it had 125 kW per m of energy?

	3  If a wave 3 m high produces 45 kW per m of energy, how long must its period be?
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Wave anatomy

Wave anatomy is quite simple (Figure 1.4). The highest surface part of a wave is called the crest, and the lowest part is the trough. The vertical distance between the crest and the trough is the wave height. The horizontal distance between two adjacent crests or troughs is known as the wavelength. All waves have this same basic anatomy, but wave behaviour is complex and influenced by many factors, such as the shape and gradient of the sea floor and the irregularity of the coastline.

Waves formed in open oceans can travel huge distances from where they are generated. These swell waves generally have a long wavelength with a wave period of up to 20 seconds. In contrast, a locally generated storm wave typically has a short wavelength, greater height and a shorter wave period.
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Figure 1.4 Wave anatomy (Source: P. French)





Breaking waves

When waves move into shallow water, their behaviour changes markedly. The definition of shallow water depends on the size of the wave, but it is typically at a depth of half the wavelength. At this depth the deepest circling water molecules come in contact with the seafloor. Friction between the seafloor and the water profoundly changes the speed, direction and shape of waves. Firstly, waves slow down as they drag across the bottom. The wavelength decreases, and successive waves start to bunch up. The deepest part of the wave slows down more than the top of the wave. The wave begins to steepen as the crest advances ahead of the base. Eventually, when water depth is less than 1.3 × wave height, the wave topples over and breaks against the shore. It is only at this point that there is significant forward movement of water as well as energy.

After a wave has broken, water moves up the beach as swash, driven by the transfer of energy that occurs when the wave breaks. The speed of this water movement will decrease the further it travels due to friction and the uphill gradient of the beach. When it has no more available energy to move forward, the water is drawn back down the beach as backwash. The energy for this movement comes from gravity and always occurs perpendicular to the coastline, down the steepest slope angle.



Constructive and destructive waves

Constructive waves (Figure 1.5) tend to be quite low in height, have a long wavelength and a low frequency, typically around six to eight per minute. They usually break by spilling forwards, and the strong swash travels a long way up the gently sloping beach. Due to the long wavelength, backwash returns to the sea before the next wave breaks, and so the next swash movement is uninterrupted and thus retains its energy. A key feature of these waves is, therefore, that swash energy exceeds backwash energy.
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Figure 1.5 Constructive waves



In contrast, destructive waves (Figure 1.6) have greater height, shorter wavelengths and a higher frequency, often about twelve to fourteen per minute. They tend to break by plunging downwards and so there is little forward transfer of energy to move water up the steeply sloping beach as swash. Friction from the steep beach slows the swash and so it does not travel far before returning down the beach as backwash. With a short wavelength, the swash of the next wave is often slowed by the frictional effects of meeting the returning backwash of the previous wave. In these waves, swash energy is less than backwash energy.
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Figure 1.6 Destructive waves



There is an important but complex relationship between beach gradient and wave type. High-energy waves, often occurring during winter months, tend to remove material from the top of a beach and transport it to the offshore zone, reducing beach gradient. In contrast, low-energy waves, typical of summer months, build up the beach face, steepening the profile. Wave steepness is thought to be a critical factor in this relationship, but the angle of wave approach and sediment particle size are also important.




Tides

Tides are the periodic rise and fall of the sea surface and are produced by the gravitational pull of the Moon and, to a lesser extent, the Sun (Figure 1.7, page 6). The Moon pulls the water towards it, creating a high tide, and there is a compensatory bulge on the opposite side of the Earth. At locations between the two bulges, there will be a low tide. As the Moon orbits the Earth, the high tides follow it. The highest tides will occur when the Moon, Sun and Earth are all aligned and so the gravitational pull is at its strongest. This happens twice each lunar month and results in spring tides with a high tidal range. Also 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.
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Figure 1.7 The formation of tides
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Stretch and challenge

As tides are largely produced by the Moon, one might expect high tides to be directly under the Moon as it orbits the Earth. However, this is not the case because of factors such as:


	•  variations in ocean depth

	•  topography of the sea bed

	•  shapes of continental land masses.
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Tidal range (Figure 1.8) can be a significant factor in the development of coastal landscapes. In enclosed seas, such as the Mediterranean, tidal ranges are low and so wave action is restricted to a narrow area of land. In places where the coast is funnelled, such as the Severn Estuary, tidal range can be as high as 14 m.

The tidal range therefore influences where wave action occurs, the weathering processes that happen on land exposed between tides and the potential scouring effect of waves along coasts with a high tidal range.



Geology

The two key aspects of geology that influence coastal landscape systems are lithology and structure.


Lithology

Lithology describes the physical and chemical composition of rocks. Some rock types, such as clay, have a weak lithology, with little resistance to erosion, weathering and mass movements. This is because the bonds between the particles that make up the rock are quite weak. Others, such as basalt, made of dense interlocking crystals, are highly resistant and are more likely to form prominent coastal features such as cliffs and headlands. Others, such as chalk and carboniferous limestone (predominantly composed of calcium carbonate), are soluble in weak acids and thus vulnerable to the chemical weathering process of carbonation.



Structure

Structure concerns the properties of individual rock types such as jointing, bedding and faulting. It also includes the permeability of rocks. In porous rocks, such as chalk, tiny air spaces (pores) separate the mineral particles. These pores can absorb and store water – a property known as primary permeability. Carboniferous limestone is also permeable, but for a different reason. Water seeps into limestone because of its many joints. This is known as secondary permeability. The joints are easily enlarged by solution.

Structure is an important influence on the planform of coasts at a regional scale. Rock outcrops that are uniform, or run parallel to the coast, tend to produce straight coastlines. These are known as concordant coasts. Where rocks lie at right angles to the coast they create a discordant planform: the more resistant rocks form headlands; the weaker rocks form bays.
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See Figure 1.14 on page 15 for an example from the Isle of Purbeck.
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Structure also includes the angle of dip of rocks and can have a strong influence on cliff profiles. Both horizontally bedded and landward-dipping strata support cliffs with steep, vertical profiles. Where strata incline seawards cliff profiles tend to follow the angle of dip of the bedding planes.
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Figure 1.8 Tidal ranges





Currents

Nearshore and offshore currents have an influence on coastal landscape systems.

Rip currents play an important role in the transport of coastal sediment. They are caused either by tidal motion or by waves breaking at right angles to the shore. A cellular circulation is generated by differing wave heights parallel to the shore. Water from the top of breaking waves with a large height travels further up the shore and then returns through the adjacent area where the lower height waves have broken. Once rip currents form, they modify the shore profile by creating cusps which help perpetuate the rip current, channelling flow through a narrow neck.
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See Figure 1.19 on page 18 for a diagram of cusp formation.
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Ocean currents (Figure 1.9) are much larger scale phenomena, generated by the Earth’s rotation and by convection, and are set in motion by the movement of winds across the water surface. Warm ocean currents transfer heat energy from low latitudes towards the poles. They particularly affect western-facing coastal areas where they are driven by onshore winds. Cold ocean currents do the opposite, moving cold water from polar regions towards the Equator. These are usually driven by offshore winds, and so tend to have less effect on coastal landscapes. The strength of the current itself may have a limited impact on coastal landscape systems in terms of geomorphic processes, but the transfer of heat energy can be significant, as it directly affects air temperature and, therefore, sub-aerial processes.
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Figure 1.9 Ocean currents
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[image: ] Review questions


	1  Explain the role of wind in the formation of waves.

	2  Why do waves break?

	3  Explain how tides are generated.

	4  How does tidal range affect coastal processes and landforms?

	5  Distinguish between concordant and discordant coastlines.

	6  How do rip currents affect coastal landscape systems?



[image: ]
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Key idea


	•  Coastal sediment is supplied from a variety of sources
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Terrestrial

Rivers are major sources of sediment input to the coastal sediment budget (Figure 1.10), and this is particularly true of coasts with a steep gradient, where rivers directly deposit their sediments at the coast. Sediment delivery to the shoreline can be intermittent, mostly occurring during floods. In some locations, as much as 90 per cent of coastal sediment comes from rivers.

The origin of the sediment is the erosion of inland areas by water, wind and ice as well as sub-aerial processes of weathering and mass movement.

Wave erosion is also the source of large amounts of sediment and makes a major contribution to coastal sediment budgets. Cliff erosion can be increased by rising sea levels and is amplified by storm surge events. The erosion of weak cliffs in high-energy wave environments contributes as much as 70 per cent of the overall material supplied to beaches, although typically it contributes much smaller amounts. Some of this sediment may comprise large rocks and boulders, especially if it is derived directly from the collapse of undercut cliffs.

Longshore drift can also supply sediment from one coastal area by moving it along the coast to adjacent areas.



Offshore

Constructive waves bring sediment to the shore from offshore locations and deposit it (marine deposition), adding to the sediment budget. Tides and currents do the same. Wind also blows sediment from other locations, including exposed sand bars, dunes and beaches elsewhere along the coast. This aeolian material is generally fine sand, as wind has less energy than water and so cannot transport very large particles.



Human

When a coastal sediment budget is in deficit, beach nourishment is one way in which a sediment equilibrium can be maintained. This type of management has been adopted all over the world in order to preserve and protect the coastal environment. Sediment can be brought in by lorry and dumped on the beach before being spread out by bulldozers. Alternatively, sand and water can be pumped onshore by pipeline from offshore sources. Low bunds hold the mixture in place while the water drains away and leaves the sediment behind.

Wind, waves and longshore drift movements can also remove sediment from the coastal sediment budget. By subtracting the amount of sediment lost from the amount of sediment gained, it can be determined if the sediment budget is in surplus, deficit or equilibrium.
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Skills focus

Table 1.2 The main elements of the coastal sediment budget for a location in Nigeria




	Inputs m3/year
	Outputs m3/year





	Wave deposition = 1187
	Wave erosion = 2641
Longshore drift = 2869




	Cliff erosion = 251



	River deposition = 3458






	1  Determine whether the sediment budget was in a surplus or deficit state.

	2  Suggest what action authorities might need to take here, and explain why it would need to be taken.
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Figure 1.10 Coastal sediment budget
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[image: ] Fieldwork ideas

Sediment analysis can be carried out to:


	•  examine the sorting of beach material, either across the beach profile or across the width of the beach (linking to the process of longshore drift)

	•  investigate the effect of management structures, for example, groynes, on the sorting of beach material

	•  investigate the origin of beach material

	•  compare sediment analysis at beaches in a range of locations and attempt to explain similarities and differences

	•  examine the relationship between beach sediment and other factors, for example, the size and slope of the beach.



The method could involve measuring the dimensions or roundness of a sample of pebbles at a series of points along a transect, up or along the beach. The rock types of the sample pebbles could be identified and, with the aid of a geological map, their origin suggested.
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[image: ] Review questions


	1  Explain how sub-aerial processes supply coastal sediment.

	2  What is generally the major source of coastal sediment?

	3  How is sediment supplied to the coastal budget from offshore?

	4  Identify a human source of sediment supply.
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1.2 How are coastal landforms developed?
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Key idea


	•  Coastal landforms develop due to a variety of interconnected climatic and geomorphic processes
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Geomorphic processes


Weathering

Weathering uses energy to produce physically or chemically altered materials from surface or near surface rock. In coastal environments some types of weathering are particularly significant and influence the formation of coastal landforms.


Physical or mechanical

The breakdown of rock is largely achieved by physical weathering processes (Table 1.3, page 10) that produce smaller fragments of the same rock. No chemical alteration takes place during physical weathering. By increasing the exposed surface area of the rock, physical weathering allows further weathering to take place.

In many coastal landscapes, such as western Europe, the presence of the sea results in the moderation of temperatures and so air temperature may seldom drop below 0°C, reducing the extent of fluctuations and rendering some of the processes below ineffective.

Table 1.3 Processes of physical (or mechanical) weathering typical of coastal environments



	Freeze-thaw
	Water enters cracks/joints and expands by nearly 10 per cent when it freezes. In confined spaces this exerts pressure on the rock causing it to split or pieces to break off, even in very resistant rocks.



	Pressure release
	When overlying rocks are removed by weathering and erosion, the underlying rock expands and fractures parallel to the surface. This is significant in the exposure of sub-surface rocks such as granite and is also known as dilatation. The parallel fractures are sometimes called pseudo-bedding planes.



	Thermal expansion
	Rocks expand when heated and contract when cooled. If they are subjected to frequent cycles of temperature change then the outer layers may crack and flake off. This is also known as insolation weathering, although experiments have cast doubts on its effectiveness unless water is present.



	Salt crystallisation
	Solutions of salt can seep into the pore spaces in porous rocks. Here the salts precipitate, forming crystals. The growth of these crystals creates stress in the rock causing it to disintegrate. Sodium sulphate and sodium carbonate are particularly effective, expanding by about 300 per cent in areas of temperatures fluctuating around 26–28°C.






Chemical

The decay of rock is the result of chemical weathering (Table 1.4), which involves chemical reactions between moisture and some minerals within the rock. Chemical weathering may reduce the rock to its chemical constituents or alter its chemical and mineral composition. Chemical weathering processes produce weak residues of different material that may then be easily removed by erosion or transportation processes.

The rate of most chemical reactions increases with temperature. Van’t-Hoff’s Law states that a 10°C increase in temperature leads to a 2.5 times increase in the rate of chemical reaction (up to 600°C), so most chemical weathering processes occur at higher rates in tropical rather than temperate or polar regions. Thus moist tropical environments experience the fastest rates of chemical weathering and cold, dry locations the slowest. However, it is worth noting that carbonation can be more effective in low temperatures as carbon dioxide is more soluble in cold water than in warm water.

Table 1.4 Processes of chemical weathering typical of coastal environments



	Oxidation
	Some minerals in rocks react with oxygen, either in the air or in water. Iron is especially susceptible to this process. It becomes soluble under extremely acidic conditions and the original structure is destroyed. It often attacks the iron-rich cements that bind sand grains together in sandstone.



	Carbonation
	Rainwater combines with dissolved carbon dioxide from the atmosphere to produce a weak carbonic acid. This reacts with calcium carbonate in rocks such as limestone to produce calcium bicarbonate, which is soluble. This process is reversible and precipitation of calcite happens during evaporation of calcium-rich water in caves to form stalactites and stalagmites.



	Solution
	Some salts are soluble in water. Other minerals, such as iron, are only soluble in very acidic water, with a pH of about 3. Any process by which a mineral dissolves in water is known as solution, although mineral specific processes, such as carbonation, can be identified.



	Hydrolysis
	This is a chemical reaction between rock minerals and water. Silicates combine with water, producing secondary minerals such as clays. Feldspar in granite reacts with hydrogen in water to produce kaolin (china clay).



	Hydration
	Water molecules added to rock minerals create new minerals of a larger volume. This happens when anhydrite takes up water to form gypsum. Hydration causes surface flaking in many rocks, partly because some minerals also expand by about 0.5 per cent during the chemical change because they absorb water.




Some weathering processes are especially important when rocks are in contact with weakly acidic water. However, unless affected by pollution, sea water is typically neutral to slightly alkaline. One issue associated with climate change and increasing levels of atmospheric CO2 is that rainfall, and therefore sea water, is becoming more acidic.



Biological

Biological weathering (Table 1.5) may consist of physical actions such as the growth of plant roots or chemical processes such as chelation by organic acids. Although this, arguably, does not fit with the precise definition of weathering, biological processes are usually classed as a separate type of weathering.




Mass movement

Mass movement occurs when the forces acting on slope material, mainly the resultant force of gravity, exceed the forces trying to keep the material on the slope, predominantly friction.

Table 1.5 Processes of biological weathering typical of coastal environments



	Tree roots
	Tree roots grow into cracks or joints in rocks and exert outward pressure. This operates in a similar way and with similar effects to freeze-thaw. When trees topple, their roots can also exert leverage on rock and soil, bringing them to the surface and exposing them to further weathering. Burrowing animals may have a similar effect. This may be particularly significant on cliff tops and cliff faces.



	Organic acids
	Organic acids produced during decomposition of plant and animal litter cause soil water to become more acidic and react with some minerals in a process called chelation. Blue-green algae can have a weathering effect, producing a shiny film of iron and manganese oxides on rocks. On shore platforms, molluscs may secrete acids which produce small surface hollows in the rock.




In coastal landscape systems, the most significant mass movement processes are those acting on cliffs, which lead to the addition of material to the sediment budget by transferring rocks and regolith down onto the shore below. The main processes involved are:


	•  Rock fall: on cliffs of 40° or more, especially if the cliff face is bare, rocks may become detached from the slope by physical weathering processes. These then fall to the foot of the cliff under gravity. Wave processes usually remove this material, or it may accumulate as a relatively straight, lower angled scree slope.

	•  Slides: these may be linear, with movement along a straight line slip plane, such as a fault or a bedding plane between layers of rock, or rotational, with movement taking place along a curved slip plane. Rotational slides are also known as slumps. In coastal landscape systems, slides often occur due to undercutting by wave erosion at the base of the cliff which removes support for the materials above. Slumps are common in weak rocks, such as clay, which also become heavier when wet, adding to the downslope force. A layer of sand above a layer of clay may particularly encourage this, as rainwater passes through the sand but cannot penetrate the impermeable clay below, thus increasing pore pressure in the sands.





Wave processes

As explained earlier, waves are a source of energy in coastal landscape systems, and when they break onshore, the energy can be expended through geomorphic processes to shape landforms. They can also supply material to the system in the form of sediment, which is either deposited in, or transported within, the coastal system.


Erosion

Breaking waves are able to erode the coastline with a range of processes:


	•  Abrasion (or corrasion) is when waves armed with rock particles scour the coastline; rock rubbing against rock.

	•  Attrition occurs when rock particles, transported by wave action, collide with each other and with coastal rocks and progressively become worn away. They become smoother and more rounded as well as smaller, eventually producing sand.

	•  Hydraulic action occurs when waves break against a cliff face, and air and water trapped in cracks and crevices become compressed. As the wave recedes the pressure is released, the air and water suddenly expand and the crack is widened. The average pressure exerted by breaking Atlantic waves is 11,000 kg per m3.

	•  Pounding occurs when the mass of a breaking wave exerts pressure on the rock causing it to weaken. Forces of as much as 30 tonnes per m2 can be exerted by high-energy waves.

	•  Solution (or corrosion) involves dissolving minerals like magnesium carbonate minerals in coastal rock. However, as the pH of sea water is invariably around 7 or 8 this process is usually of limited significance unless the water is locally polluted and acidic. Even then, only coastal rocks containing significant amounts of soluble minerals are likely to be affected by this.





Transportation

Waves, as well as tides and currents, can move material shorewards in a variety of ways:


	•  Solution: minerals that have been dissolved into the mass of moving water. This type of load is invisible and the minerals will remain in solution until water is evaporated and they precipitate out of solution.

	•  Suspension: small particles of sand, silt and clay can be carried by currents; this accounts for the brown or muddy appearance of some sea water. Larger particles can also be carried in this way, perhaps during storm events.

	•  Saltation: this is a series of irregular movements of material which is too heavy to be carried continuously in suspension. Turbulent flow may enable sand-sized particles to be picked up (entrained) and carried for a short distance only to drop back down again. Similarly, other particles may be dislodged by the impact, allowing water to get beneath them and cause entrainment.

	•  Traction: the largest particles in the load may be pushed along the sea floor by the force of the flow. Although this can be called rolling, again the movement is seldom continuous. Large boulders may undertake a partial rotation before coming to rest again.



Once deposited onshore, sediment may be moved along the shoreline by longshore drift.

Longshore drift occurs when waves approach the coast at an angle due to the direction of the dominant wind. When the waves have broken, the swash carries particles diagonally up the beach. Under the influence of gravity the backwash moves them perpendicularly back down the beach. If this movement is repeated, the net result is a movement of material along the beach. This also leads to the attrition of beach sediment so particles tend to become smaller and more rounded with increasing distance along the beach.
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[image: ] Fieldwork ideas

Investigations could be carried out to:


	•  examine the transport of material along a stretch of coastline

	•  compare processes of sediment transport in different locations along the coastline

	•  investigate the effect of management techniques on the movement of beach material along the coastline

	•  examine the causes and effects of changes to the dominant direction of longshore drift.



Suitable data could be collected using a floating object, timing and measuring its movement along the shore. This could be done at different times and/or in different locations.

If groynes are present, measurements could be made of the width of the beach, and the height of the sediment at either side of the groyne.
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Deposition

Material is deposited when there is a loss of energy caused by a decrease in velocity and/or volume of water.

Deposition tends to take place in coastal landscape systems:


	•  where the rate of sediment accumulation exceeds the rate of removal

	•  when waves slow down immediately after breaking

	•  at the top of the swash, where for a brief moment the water is no longer moving

	•  during the backwash, when water percolates into the beach material

	•  in low-energy environments, such as those sheltered from winds and waves, e.g. estuaries.



The velocity at which sediment particles are deposited is known as the settling velocity. The larger and heavier particles require more energy to transport them. As flow velocity decreases, the largest particles being carried are deposited first and so on, sequentially until the finest particles are deposited (Figure 1.11).
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Figure 1.11 Settling velocity of sediment particles
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Skills focus

Data were collected along a beach at intervals of 20 m. At each of ten sample points, the length of the long axis of twenty pebbles was measured and the mean calculated (Table 1.6).

Table 1.6 The length of pebbles on a beach



	Sample point
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10



	Mean long axis (cm)
	3.2
	5.4
	6.1
	10.7
	10.9
	9.0
	13.1
	11.7
	15.6
	18.2





	1  Calculate the Spearman’s rank order correlation coefficient for these data (see Chapter 15, Geographical skills, page 562).

	2  Describe the relationship between distance along the beach and pebble size.

	3  Determine the statistical significance of the coefficient by comparing your result to the table of critical values shown on page 562.
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[image: ] Activities


	1  Describe the relationship between particle size and settling velocity shown in Figure 1.11.

	2  Suggest reasons for this relationship.
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Fluvial processes

In coastal environments such as river mouths, fluvial processes often play an important part in the development of landforms. Low-energy, estuarine environments have distinctive characteristics.


Erosion

Fluvial erosion in the upper catchment is the main source of a river’s sediment load. Rivers use similar erosional processes to waves, with most channel erosion occurring during high-flow, high-energy events. Sediment is also derived from weathering and mass movement processes that result in material moving into river channels from the valley sides.



Transportation

Rivers also transport sediment by traction, suspension, saltation and solution – similar processes to those of waves.



Deposition

As rivers enter the sea, there is a noticeable reduction in their velocity as the flowing water moving through the channel enters the relatively static body of sea water. Indeed, tides and currents may be moving in the opposite direction to the river flow, providing a major resistance to its forward movement. Available energy is reduced and so some, or all, of the river’s sediment load is deposited. As the reduction in energy is progressive, deposition is sequential, with the largest particles being deposited first and the finest being carried further out to sea. In addition, the meeting of fresh water and salt water causes flocculation of clay particles. These fine, light materials clump together due to electrical charges between them in saline conditions. As a result they become heavier and sink to the sea bed.




Aeolian processes

Due to their exposure to open sea surfaces, coastal landscapes can be significantly influenced by winds, especially those blowing onshore.


Erosion

Wind is able to pick up sand particles and move them by deflation. At speeds of 40 km/hour, sand grains are moved by surface rolling (surface creep) and saltation. As grains of this size are relatively heavy, compared with silt and clay particles, they are seldom carried in suspension. This restricts erosion by abrasion to a height of about 1 m and has a limited effect in the erosion of rocky coastlines and cliffs. Erosive force increases exponentially with increases in wind velocity. For example, a velocity increase from 2 to 4 metres per second causes an eight-fold increase in erosive capacity.

Dry sand is much easier for wind to pick up than wet sand, as the moisture increases cohesion between particles, helping them to stick together. Attrition on land is particularly effective in wind as particles tend to be carried for much greater distances than in water, and the particles are not protected from collisions by the film of water around them.



Transportation

With the exception of solution, moving air is able to transport material using the same mechanisms as water moving in rivers and waves. Once particles have been entrained, they can be carried at velocities as low as 20 km/hour. Saltating grains are typically 0.15–0.25 mm in diameter, while those 0.26–2 mm, which are too heavy to be saltated, move by surface creep. Only the smallest grains (0.05–0.14 mm) can be carried in suspension.



Deposition

Material carried by wind will be deposited when the wind speed falls, usually as a result of surface friction. In coastal areas this will occur inland, where friction from vegetation and surface irregularities is much greater than on the open sea.





Coastal landforms

Although coastal landforms develop due to a variety of interconnected processes, each one will tend to be predominantly influenced either by erosion or deposition.


Erosional landforms


Cliffs and shore platforms

When destructive waves break repeatedly on relatively steeply sloping coastlines, undercutting can occur between the high and low tide levels where it forms a wave-cut notch. Continued undercutting weakens support for the rock strata above, which eventually collapses, producing a steep profile and a cliff. The regular removal of debris at the foot of the cliff by wave action ensures that the cliff profile remains relatively steep and that the cliffs retreat inland parallel to the coast.

Cliff profiles vary depending upon their geology (Figure 1.12). Horizontally bedded and landward dipping rock strata support cliffs with a steep, near vertical profile. If the rock strata inclines seaward, the profile tends to follow the angle of the dipping strata.
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Figure 1.12 The impact of geology on cliff profiles



As the sequence of undercutting, collapse and retreat continues, the cliff becomes higher. At its base, a gently sloping shore platform is cut into the solid rock. Although superficially appearing to be flat and even, shore platforms are often deeply dissected by abrasion due to the large amount of rock debris that is dragged across the surface by wave action.

Where rock debris is boulder-sized, it may be too large to be removed by the waves and will accumulate on the platform. Eventually, the platform will become so wide that it produces shallow water and small waves, even at high tide. Friction from the platform slows down approaching waves sufficiently for them to break on the platform rather than at the base of the cliff and so undercutting slows and eventually ceases. Research suggests that shore platforms reach a maximum width of about 500 m before this happens.

Although shore platforms are predominantly formed by erosion, weathering processes are also important in their development. Solution, freeze-thaw and salt crystallisation may all take place, depending upon the rock type and the climatic conditions of the location. Marine organisms, especially algae, can accelerate weathering when the platform is exposed at low tide. At night, algae release CO2, as photosynthesis is not taking place. This mixes with sea water, making it more acidic, which results in higher rates of chemical weathering.

Shore platforms usually slope seawards at angles of between 0° and 3°, as wave erosion can occur anywhere between the high and low tide levels. However, as water levels are constant for longest at high and low tide, erosion is greatest at these points. This explains the formation of a ramp at the high tide level and a small cliff at the low tide level.

These features develop best if the tidal range is less than 4 m. If it is higher, then erosion is spread over a wider area of the platform; the water is at its high and low tide positions for a shorter time, and so the platform tends to be more uniform and more steeply sloping (Figure 1.13).
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Figure 1.13 Shore platform profiles: (a) low tidal range, (b) high tidal range (HWM = high water mark; LWM = lower water mark)
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[image: ] Fieldwork ideas

Investigations could be carried out to:


	•  examine physical characteristics and features along a stretch of cliffed coastline

	•  identify different rock types and investigate the links between geology and physical features

	•  compare coastlines with different geologies

	•  study evidence of erosion, weathering, mass movement, human activity

	•  investigate and analyse strategies for protecting against erosion.



Data for cliff height could be collected using a clinometer and tape measure, followed by some simple trigonometry. The geology of the cliff could be identified and sketches drawn to identify key physical features and characteristics, as well as any management strategies being used. Photographs could also be taken and annotated later.
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Bays and headlands

Bays and headlands typically form adjacent to each other, usually due to the presence of bands of rock of differing resistance to erosion. If these rock outcrops lie perpendicular to the coastline, the weaker rocks are eroded more rapidly to form bays while the more resistant rocks remain between bays as headlands. This results in the formation of a discordant coastline. The width of bays will be determined by the width of the band of weaker rock. Bay depth will depend on the differential rates of erosion between the more resistant and weaker rocks.

Rocks lying parallel to the coastline produce a concordant coastline. If the most resistant rock lies on the seaward side, it protects any weaker rocks inland from erosion. The resultant coastline is quite straight and even. However, even in this situation small bays or coves may occasionally be eroded at points of weakness, such as fault lines.

The Isle of Purbeck, Dorset, has both types of coastline (Figure 1.14). The east-facing coast is discordant, while the south-facing coast is concordant.
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Figure 1.14 The Isle of Purbeck: geology and coastlines



When waves approach an irregularly shaped coastline, wave refraction takes place and they develop a configuration increasingly parallel to the coastline. This is particularly true on coastlines with bays and headlands. As each wave nears the coastline, it is slowed by friction in the shallower water off the headland. At the same time, the part of the wave crest in the deeper water approaching the bay moves faster as it is not being slowed by friction. This means that the wave bends or refracts around the headland (Figure 1.15, page 16) and the orthogonals converge. Thus wave energy is focused on the headland and erosion is concentrated there. In the bays, the orthogonals diverge and energy is dissipated, leading to deposition. As the waves break on the sides of the headland at an angle, there is a longshore movement of eroded material into the bays, adding to the build-up of beach sediment.



Geos and blowholes

Geos are narrow, steep-sided inlets. Even on coastlines with resistant geology, there may be lines of weakness such as joints and faults. These weak points are eroded more rapidly by wave action than the more resistant rock around them. Hydraulic action may be particularly important in forcing air and water into the joints and weakening the rock strata. A good example is Huntsman’s Leap in Pembrokeshire, which is 35 m deep and eroded along a large joint in the carboniferous limestone.
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Figure 1.15 Wave refraction



Sometimes geos initially form as tunnel-like caves running at right angles to the cliff line, which as they become enlarged by continuing erosion may suffer from roof collapse, creating a geo. In parts of Cornwall, where they are known as zawns, they may also be associated with old tin mining shafts.

If part of the roof of a tunnel-like cave collapses along a master joint it may form a vertical shaft that reaches the cliff top. This is a blowhole. In storm conditions large waves may force spray out of the blowhole as plumes of white, aerated water. As with geos, blowholes may also be associated with mining shafts or the collapse of a cave roof, as at Trevone, Cornwall, which formed a 25 m deep blowhole (Figure 1.16).
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Figure 1.16 Blowhole, Trevone, Cornwall





Caves, arches, stacks and stumps

Although each of these landforms may be seen independently of each other on upland coasts, they also represent a sequence of erosional landforms which often develop around headlands (Figure 1.17). Due to wave refraction, energy is concentrated on the sides of headlands. Any points of weakness, such as faults or joints, are exploited by erosion processes and a small cave may develop on one side, or even both sides, of the headland. Wave attack is concentrated between high and low tide levels and it is here that caves form. If a cave enlarges to such an extent that it extends through to the other side of the headland, possibly meeting another cave, an arch is formed. Continued erosion widens the arch and weakens its support. Aided by weathering processes, the arch may collaps, leaving an isolated stack separated from the headland. Further erosion at the base of the stack may eventually cause further collapse, leaving a small, flat portion of the original stack as a stump. This may only be visible at low tide.

An excellent example of these landforms is Old Harry Rocks at the seaward end of The Foreland near Swanage on the Isle of Purbeck (Figure 1.17).
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Figure 1.17 Landforms of headland erosion at Old Harry Rocks, Isle of Purbeck
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[image: ] Activity

Draw a sketch of Figure 1.17. Annotate it to show how these landforms have been formed.
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Depositional landforms


Beaches

Beaches are the most common landform of deposition and represent the accumulation of material deposited between the lowest tides and the highest storm waves. Beach material, which consists of sand, pebbles and cobbles (Table 1.7), comes from three main sources:


	•  cliff erosion: typically only about 5 per cent

	•  offshore: combed from the sea bed, often during periods of rising sea levels; again about 5 per cent

	•  rivers: up to 90 per cent is carried into the coastal system as suspended and bed load through river mouths.



Sand produces beaches with a gentle gradient; usually less than 5°, because its small particle size means that it becomes compact when wet, allowing little percolation during backwash. As little energy is lost to friction, and little volume is lost to percolation, material is carried back down the beach rather than being left at the top, resulting in a gentle gradient and the development of ridges and runnels parallel to the shore (Figure 1.18). These are occasionally breached by channels draining the water off the beach.

Shingle, a mix of pebbles and small to medium sized cobbles, produces steeper beaches because swash is stronger than backwash so there is a net movement of shingle onshore. Shingle may make up the upper part of the beach where rapid percolation due to larger air spaces means that little backwash occurs and so material is left at the top of the beach.

Table 1.7 Beach profiles and particle size




	Material
	Minimum diameter (mm)

	Beach angle (degrees)






	Cobbles
	32

	24




	Pebbles
	  4

	17




	Coarse sand
	  2

	  7




	Medium sand
	     0.2

	  5




	Fine sand
	       0.02

	  3




	Very fine sand
	        0.002

	  1
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Figure 1.18 Beach profile features



Storm waves hurl pebbles and cobbles to the back of the beach, forming a storm beach or storm ridge. Berms are smaller ridges that develop at the position of the mean high tide mark, again resulting from deposition at the top of the swash (Figure 1.18). Cusps are small, semi-circular depressions (Figure 1.19). They are temporary features formed by a collection of waves reaching the same point and when swash and backwash have similar strength. The sides of the cusp channel incoming swash into the centre of the depression and this produces a strong backwash, which drags material down the beach from the centre of the cusp, enlarging the depression. Further down the beach, ripples may develop in the sand due to the orbital movement of water in waves.
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Figure 1.19 Formation of beach cusps
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Stretch and challenge

Cusp formation can be viewed as an example of a self-organisation model. This combines both positive and negative feedback. Investigate how this model can be applied to beach cusp formation.

Beaches also vary in their planform. Swash aligned beaches are usually straight and lack longshore drift movements as waves approach perpendicularly to the coastline and are fully refracted. These tend to be closed systems, as there is no net movement of sediment out of the coastal system. Drift aligned beaches, however, are dominated by waves approaching at an oblique angle which generates the movement of sand and shingle along the coastline by longshore drift.
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Beaches are dynamic and their profiles change over time as wind strength and hence wave energy changes (Figure 1.20). Beaches respond to these changes by developing an equilibrium profile, with a balance between erosion and deposition. High-energy, destructive waves remove sediment offshore and create flatter beach profiles. This results in shallower water, more friction and a reduction in wave energy. Low-energy, constructive waves transfer sediment in the opposite direction to form steeper profiles. This produces deeper water, less friction and an increase in wave energy.
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Figure 1.20 Seasonal changes in beach profile





[image: ]

[image: ] Activities


	1  Compare the summer and winter beach profiles shown in Figure 1.20.

	2  Explain why they are different.
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[image: ] Fieldwork ideas

Beach profiles can be measured to:


	•  compare beaches or coastlines in different locations

	•  examine the effects of management on beach processes and morphology

	•  investigate seasonal changes in the beach profile

	•  examine relationships between the beach profile and other factors, for example, rock type, cliff profile, sediment size or shape.



The method should involve measuring the slope angle of each section of the profile from as close to the sea as possible to the back of the beach using ranging poles, a tape measure and a clinometer.
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Spits

Spits are long, narrow beaches of sand or shingle that are attached to the land at one end and extend across a bay, estuary or indentation in a coastline. They are generally formed by longshore drift occurring in one dominant direction which carries beach material to the end of the beach and then beyond into the open water. As storms build up more and larger material they make the feature more substantial and permanent. The end of the spit often becomes recurved as a result of wave refraction around the end of the spit and, possibly, the presence of a secondary wind/wave direction. Over time spits may continue to grow and a number of recurves or hooked ends may develop. If a spit forms across an estuary, its length may be limited by the actions of the river current.

In the sheltered area behind the spit, deposition will occur as wave energy is reduced. The silt and mud deposited build up and eventually salt-tolerant vegetation may colonise, leading to the formation of a salt marsh.

A good example of a spit can be seen at Orford Ness in East Anglia. Here the coastline is east-facing (Figure 1.21) and so is largely unaffected by Britain’s southwesterly prevailing winds. Instead northeasterly winds and waves are locally dominant which has resulted in longshore drift from north to south. A spit has formed across the estuary of the River Ore but the river current has prevented it reaching the land on the other side. Instead, the spit has continued to grow parallel to the coastline, diverting the river some 12 km further south. Historical maps provide evidence of this growth.
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Figure 1.21 Orford Ness spit
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[image: ] Activities


	1  Describe the direction and rate of growth of the Orford Ness spit (Figure 1.21).

	2  Explain why its direction and rate of growth have been variable.
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Onshore bars

Onshore bars can develop if a spit continues to grow across an indentation, such as a cove or bay, in the coastline until it joins onto the land at the other end (Figure 1.22). This forms a lagoon of brackish water on the landward side. The 100 m wide bar at Slapton Sands in Devon (although actually composed mainly of shingle) may have been formed in this way. However, there does not appear to be a significantly dominant direction of longshore drift on this east-facing coastline. There is no obvious pattern to the distribution of sediment sizes along the 5 km length of the bar, between Torcross in the south and Strete in the north.

The conclusion is that this feature may, at least in part, have been formed by the onshore movement of sediment, especially flint, during the post-glacial sea level rise that ended about 6000 years ago.
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Figure 1.22 Slapton Sands onshore bar





Tombolos

Tombolos are beaches that connect the mainland to an offshore island. They are often formed from spits that have continued to grow seawards until they reach and join an island. The 30 km long shingle beach at Chesil near Weymouth, Dorset (Figure 1.23) was thought to have been formed in this way. However, the onshore movement of sediments is now thought to be the more likely cause, with it reaching its present position some 6000 years ago. At its eastern end at Portland, the ridge of shingle is 13 m high and composed of flinty pebbles. At the western end, near Burton Bradstock, the ridge is only 7 m high and composed of smaller, pea-sized shingle. If longshore drift had been responsible for the growth of Chesil it would be expected that the sediment further east would be smaller. It is more likely, therefore, that the onshore migration of shingle originally produced a uniform distribution of sediment sizes. Subsequently, strong longshore currents from the southwest have moved sediments of all sizes eastwards, while weaker longshore currents from the east have only been able to return the smaller particles westwards.
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Figure 1.23 Chesil Beach





Salt marshes

Salt marshes are features of low-energy environments, such as estuaries and on the landward side of spits. The UK has 45,500 ha of salt marsh, mainly in eastern and northwest England.

Salt marshes are vegetated areas of deposited silts and clays. They are subjected twice daily to inundation and exposure as tides rise and fall. Salt-tolerant plant species such as eelgrass and spartina help trap sediment, gradually helping to increase the height of the marsh. The stems and leaves of the plants act as baffles and trap sediment swept in by tidal currents while the roots stabilise the sediment. The higher the marsh becomes, the shorter the period of daily submergence and the less saline the conditions. The low marsh, on the seaward side, is characterised by high salinity, turbid water and long periods of submergence. Few plant species can survive such conditions and so species diversity is poor. Further inland, conditions are not as harsh, with salinity, turbidity and submergence periods all lower. This allows a greater variety of species to survive, including sea aster, reeds and rushes (Figure 1.24).
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Figure 1.24 Cross-section through a typical salt marsh



Salt marshes have a shallow gradient which slopes seawards. A low cliff sometimes separates the salt marsh from the unvegetated mudflats on the seaward side. Even though the higher parts of the salt marsh are inundated less often, deposition rates are still quite high as at high water mark, low-energy, slack water may be present for 2–3 hours. The greater density of vegetation cover helps to trap and stabilise sediment. Extensive networks of small, steep-sided channels, or creeks, drain the marsh at low tide and provide routes for water to enter the salt marsh as the tide rises. Between the creeks, shallow depressions are often found. These trap water when the tide falls, and these areas of salt water, called saltpans, are often devoid of any vegetation (Figure 1.25).
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Figure 1.25 Salt marsh at Flookburgh, Cumbria



The development of salt marshes depends on the rate of accumulation of sediment, with rates of 10 cm per year quite common. Deposition of fine sediment occurs as rivers lose energy when they slow upon entering the sea. This is a key factor, but so too is flocculation. Tiny clay particles carry an electrical charge and repel each other in fresh water. In salt water, the particles are attracted to each other, combining together to form flocs, which being larger and heavier are unable to be carried in the river flow and so settle out of suspension, even at relatively high velocities.



Deltas

Deltas are large areas of sediment found at the mouths of many rivers. Deltaic sediments are deposited by rivers and by tidal currents. They form when rivers and tidal currents deposit sediment at a faster rate than waves and tides can remove it. Deltas typically form where:


	•  rivers entering the sea are carrying large sediment loads

	•  a broad continental shelf margin exists at the river mouth to provide a platform for sediment accumulation

	•  low-energy environments exist in the coastal area

	•  tidal ranges are low.



The structure of deltas usually consists of three distinctive components (Figure 1.26):


	•  The upper delta plain – furthest inland, beyond the reach of tides and composed entirely of river deposits

	•  The lower delta plain – in the inter-tidal zone, regularly submerged and composed of both river and marine deposits

	•  The submerged delta plain – lies below mean low water mark, is composed mainly of marine sediments and represents the seaward growth of the delta



Deltas are criss-crossed by a branching network of distributaries. Overloaded with sediment, deposition in the channel forms bars which causes the channel to split into two. This produces two channels with reduced energy levels, and so more deposition and further dividing occurs. Although these channels may be lined by levées on their banks, in times of flood these natural embankments are breached and deposition of lobes of sediment will then take place in the low-lying areas between the levees, called crevasse splays.
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Figure 1.26 Structure of deltas



There are many different types of delta, but three of the most common types (Figure 1.27) are:


	•  Cuspate – a pointed extension to the coastline occurs when sediment accumulates but this is shaped by regular, gentle currents from opposite directions.

	•  Arcuate – sufficient sediment supply is available for the delta to grow seawards, but wave action is strong enough to smooth and trim its leading edge.

	•  Bird’s foot – distributaries build out from the coast in a branching pattern, with river sediment supply exceeding the rates of removal by waves and currents.
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Figure 1.27 Types of delta





[image: ]

[image: ] Review questions


	1  Distinguish between the terms erosion and weathering.

	2  Explain the role of erosion in the formation of shore platforms.

	3  How does weathering contribute to the formation of stacks?

	4  Explain why beach profiles vary a) from place to place and b) over time.

	5  How do flows of energy and materials influence aeolian processes?
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Key idea


	•  Coastal landforms are interrelated and together make up characteristic landscapes
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[image: ] Case study: A low-energy coastal environment: the Rhone Delta, France

Location

The River Rhone flows into the Mediterranean Sea just to the west of Marseilles in southern France. The delta lies between the two major distributaries of the River Rhone; the Grande Rhone and the Petit Rhone, which diverge 4 km north of Arles. In the 30 km between this point and the sea, the Rhone splits into many further distributaries to form a delta. The east branch, the Grand Rhone, is the largest of the two branches and carries 85 per cent of the river’s water into the Mediterranean Sea.



[image: ]

See pages 17–22 for full explanations of the formation of the coastal landforms listed below.
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How the delta formed

The Rhone delta has formed over the last 7000 years since the sea level rise at the end of the last ice age finished. The current shoreline began to take shape at the beginning of the eighteenth century when a flood moved the course of one of the channels of the Rhone to its present-day position. This led to material at the mouth of the abandoned channel being moved to form the Beauduc Spit. In the nineteenth century the mouth of the Grand Rhone changed position due to human management reducing it from three channels to one. The total length of coastline is 90 km and covers an area of 1740 km2. It is a lobate shaped delta that is dominated by waves (rather than the tide or river), meaning that waves re-shape the delta by moving sediment at the edge of the delta by longshore currents. The deposits are typically sand and silt, with coastal beaches of fine sand.

This is a low-energy coastal environment:


	•  The enclosed shape of the Mediterranean Sea means fetch distances are relatively short in all directions. The longest fetch is about 900 km from the SW, although that is interrupted by the presence of the Balearic Islands.

	•  The dominant wind direction (NW) typically has low wind speeds.

	•  As a result of both of the above, waves tend to be low in height and energy.

	•  The high levels of sediment accumulation from river deposition have created a gently sloping coastal landscape. Waves break early on the shore and their energy is dissipated by the beach and delta sediment.



Deposition was estimated to be 17 million m3/year or 50 tonnes/min in 1900. The river flow does vary seasonally with a typical discharge of 1500 m3/sec, with up to 6000 m3/sec in high flow conditions, and so deposition varies seasonally, too. The high deposition rate is due to the flocculation of clay particles. The Mediterranean is very saline, and when salt water mixes with fresh water, any clay particles present become adhesive and stick together forming larger, heavier clumps which can no longer be held in suspension. The small tidal range (0.3 m) also creates very few currents to carry material away. However, the amount of material carried fell during the twentieth century as the Rhone River was managed to prevent flooding and for hydro-electricity production. In 2000 it was estimated that the river was only carrying 1.5 million tonnes per year.

Landforms of the Rhone Delta

Waves come from two main directions (Figure 1.28 on page 24). The most frequent wave direction is SW (30 per cent of the total regime), but these waves are of rather low energy with heights of 0.5 to 1 m in 80 per cent of cases, making this coast a low energy environment. Waves from SSE and ESE are less frequent and represent 16 per cent and 11 per cent of the total annual regime, respectively. These are higher energy waves, more than 2 m high in more than 40 per cent of cases. They are associated with onshore winds from SSE and SE, whose speeds can exceed 100 km/h.
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Figure 1.28 Wind and wave data



The pattern of sediment transport is split up in to four cells (Figure 1.29).
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See pages 2–3 for information about how sediment cells operate.
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Cell 1 is dominated by SW–NE longshore drift which has formed the Gracieuse spit across the entrance to Port St-Louis at Marseilles. Cell 3 has converging longshore drift currents, and this has resulted in the formation of onshore bars. All along the coast, areas of lagoons (known locally as étangs) can be seen where longshore drift has moved sand to create lagoons trapped behind the onshore bars and spits.

The delta is very gently sloping. The coastal beaches are narrow with low dunes behind them (see Figure 1.30). Behind the dunes are the brackish ponds/lakes and lagoons. In the nearshore area there are longshore bars where backwash removes sand and deposits it, and between these there are longshore troughs.

Dunes form when the winds blow from the sea, and dry sand is moved up the beach by saltation. The sand becomes trapped by obstacles on the berm or the point of the highest spring tides. Gradually these sand deposits will build up and become colonised by plants, such as marram grass, which are adapted to salty conditions and have long roots to help them survive on shifting sands. The grasses trap more sand, forming an embryo dune. These grow to form a ridge. Over time, dunes stabilise and the plants colonising them change as soils become established. The delta is covered by areas of brackish, saltwater marshes behind sand dunes and around the edges of the étangs.
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Figure 1.29 Sediment cells
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Figure 1.30 The coastal plain



Recent changes

Climate change and the increase in temperatures are having an impact on the Mediterranean. A rise in sea level of 2 mm/year since 1950, plus increased storm activity have affected the delta, leading to increased rates of erosion of beaches and dunes. Although the tidal range is small, winds from the SE can result in large wave surges. This, along with the reduced sediment input from the rivers, has led to a change in the relationship between sediment inputs and outputs in the system, resulting in rates of coastal retreat of between 2 and 8 m, notably at Stes-Maries (Saintes-Marie-de-la-Mer) (Figure 1.29). Authorities have spent €15 million on coastal protection, including groynes, rip rap and sea walls to try to restore the equilibrium in the system.
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[image: ] Activities


	1  Describe the shape and structure of the Rhone Delta.

	2  Explain how the delta formed.

	3  Describe and explain the recent changes to the sediment budget of the delta.
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[image: ] Case study: A high-energy coastal environment: Saltburn to Flamborough Head, Yorkshire

The coastal environment between Saltburn and Flamborough Head is a rocky, upland area (Figure 1.31). This 60 km long coastal environment displays many coastal landforms and its characteristics reflect the influence of the high wave energy it receives.
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Figure 1.31 Geology of the Saltburn to Flamborough Head coast



Geology

The environment is strongly influenced by its geology. The adjacent North York Moors rise up to 400 m above sea level and comprise mainly sandstones, shales and limestones formed during the Jurassic period as well as some carboniferous rocks. Flamborough Head, at the southern end of this stretch of coastline, is a large chalk headland. Its spectacular cliffs are topped with till, a superficial deposit left behind by glaciers during the Devensian glacial period. Differences in rock resistance are responsible for the varied coastal scenery, notably the high cliffs and the bay and headland sequence.

During the late cretaceous and early tertiary periods, tectonic processes caused uplift of the sedimentary rocks leading to folding and faulting. This exposed the rocks and affected resistance to geomorphic processes.

Energy
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	1  Explain the influence of geology on the planform of the coastline between Saltburn and Flamborough Head.

	2  Why does this coastline have so few beaches?

	3  Identify the main sediment sources in this coastal system.
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1.3 How do coastal landforms evolve over time as climate changes?





	•  variations in the Earth’s orbit around the Sun, typically every 400,000 years

	•  variations in the amount of energy produced by the Sun, with a solar maximum every eleven years or so

	•  changes in the composition of the atmosphere due to major volcanic eruptions which reduce incident solar radiation

	•  variations in the tilt of the Earth’s axis, occurring every 41,000 years.
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	1  Describe the relationship between temperature and sea level shown in Figure 1.36.

	2  Explain this relationship.
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	•  Emergent coastal landscapes form as sea level falls
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Climate change and sea level fall
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Emergent landforms



Raised beaches, marine terraces and abandoned cliffs
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Modification of landforms
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	1  How does a cooling climate affect global sea level?

	2  Explain the formation of abandoned cliffs.

	3  How and why might abandoned cliffs be modified in the future?
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	•  Submergent coastal landscapes form as sea level rises
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Climate change and sea level rise






Submergent landforms


Rias
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Fjords
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Shingle beaches






Modification of landforms
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	1  How does a warming climate affect global sea level?

	2  Explain the formation of rias.

	3  How and why might shingle beaches be modified by future climate and sea level changes?
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1.4 How does human activity cause change within coastal landscape systems?
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	•  Human activity intentionally causes change within coastal landscape systems



[image: ]







[image: ]





	•  Hold the Line (HTL); maintain, sustain or improve existing defences.

	•  Managed Realignment (MR); existing defences moved to more sustainable positions, usually further inland.

	•  No Active Intervention (NAI); areas of low economic value and/or high environmental value are not protected.






	•  It has a large number of high value commercial properties built on it. These include Sandbanks Hotel and Haven Hotel, both of which provide significant employment opportunities and generate spending in the local economy.

	•  Residential properties are in high demand and command premium prices (recently judged to be the fourth most expensive in the world per square metre). Large, detached houses command prices in excess of £10m, with many luxury apartments costing over £2m.

	•  The beach is a major tourist attraction. It has a Blue Flag award for water quality, and being gently sloping it is safe for family swimming.

	•  It provides protection and shelter from waves for Poole Harbour, which is therefore a popular and safe place for water sports, such as wind-surfing, sailing and water ski-ing. The harbour is also home to numerous yacht clubs and marinas, such as Salterns.

	•  At the end of the peninsula is the entrance to Poole Harbour, used by cross-channel ferries and catamarans, as well as commercial ships carrying goods such as timber. Longshore drift of beach sediment could cause the harbour entrance to become clogged and shallow.

	•  Climate change means that sea levels are predicted to rise here by about 0.6 m (mid-range of projections) in the next 100 years. This would not only cause flooding of many properties, but could breach the peninsula at its lowest and narrowest point (only 2 m above sea level and 50 m wide) at the junction of Shore Road and Banks Road. This would effectively cut off the end of the peninsula from the mainland. It is estimated that if no management strategies are applied, £18m of damage to residential properties will occur in the next twenty years.
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	1  Why does Sandbanks need managing?

	2  How is its management affecting coastal processes?

	3  With the aid of individual research, assess the success of the management strategies used at Sandbanks.
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	•  Economic development unintentionally causes change within coastal landscape systems
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	1  Why has sand been extracted from the offshore zone of the Mangawhai–Pakiri coast?

	2  Explain why the extraction of sand here is unsustainable.

	3  Describe how sand extraction has affected sand movement in the coastal system.

	4  Outline the impact of the depletion of the sand store on landforms and rates of coastal retreat in Magawhai–Pakiri.



[image: ]




[image: ]






[image: ]



	1  a)  Explain the influence of climatic and geomorphic processes on the formation of cliffs.



	    b)  Study Table 1, which shows beach erosion rates at a site in Sussex in 2014/15.






	Month
	Erosion rate (mm/month)





	September
	1.3



	October
	1.1



	November
	1.4



	December
	1.7



	January
	1.7



	February
	0.7



	March
	1.2






	

	i)    Calculate the mean erosion rate for the data in Table 1.



	ii)   Calculate the interquartile range of the erosion rate values shown in Table 1.







	    c)  Distinguish between offshore and terrestrial sources of coastal sediment.


	    d)  *To what extent are coastal landscapes influenced by present day processes rather than those of the past?



	2  a)  Explain the influence of climate change and geomorphic processes in shaping emergent landscapes.


	    b)  Study Figure 1 which shows the distribution of particle sizes at two locations on the coast of Portugal.
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	i)    Using evidence from Figure 1, compare the particle size distributions at locations A and B.



	ii)   Using evidence from Figure 1, comment on the usefulness of the method of data presentation used.



	iii)  Suggest one reason why the distribution of particle sizes varies between locations.







	    c)  *Using a case study, assess the relative importance of the physical factors that influence a low-energy coastal landscape.
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