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Get the most from this book


Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it — personalise your notes and check your progress by ticking off each section as you revise.


Track your progress

Use the revision planner on pages 4 and 5 to plan your revision, topic by topic. Make a note when you have:


	•  revised and understood the topic

	•  tested yourself

	•  practised the exam questions and gone online to check your answers and complete the quick quizzes.



You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.



Features to help you succeed
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Exam tips

Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Typical mistakes

The author identifies the typical mistakes candidates make and explains how you can avoid them.
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Now test yourself

These short, knowledge-based questions provide the first step in testing your learning. Answers are at the back of the book.
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Definitions and key words

Clear, concise definitions of essential key terms are provided where they first appear.

Key words from the specification are highlighted in bold throughout the book.
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Making links

This feature identifies specific connections between topics and tells you how revising these will aid your exam answers.
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Exam skills summary

These summaries highlight how specific skills identified or applicable in that chapter can be applied to your exam answers.
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Revision activities

These activities will help you to engage with each topic in an interactive way.
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Exam practice

Practice exam-style questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.
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Summaries

The summaries provide a quick-check bullet list for each topic.
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Online

Go online to check your answers to the exam questions and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads
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Introduction


As a student of A-level Geography it is important that you know about the:


	•  structure of the exam

	•  assessment objectives

	•  key command words

	•  key things to consider when preparing for and sitting the exam.




Structure of the exam

Paper 1. Physical Geography. Written examination. 2 hours and 30 minutes. 120 marks. 40% of the A-level



	Section A
	Section B
	Section C



	Question 1: Water and carbon cycles
	EITHER
Question 2: Hot desert systems and landscapes

OR

Question 3: Coastal systems and landscapes

OR

Question 4: Glacial systems and landscapes

	EITHER
Question 5: Hazards

OR

Question 6: Ecosystems under stress




	Instructions



	Answer all questions.
Total 36 marks.

	Answer EITHER question 2, 3 OR 4.
Total 36 marks.

	Answer EITHER question 5 OR 6.
Total 48 marks.




	Question mark allocation



	One question worth 4 marks.
Two questions worth 6 marks each.

One question worth 20 marks.

	One question worth 4 marks.
Two questions worth 6 marks each.

One question worth 20 marks.

	Four multiple-choice questions worth 1 mark each.
One question worth 6 marks.

Two questions worth 9 marks each.

One question worth 20 marks.




	Types of question



	

	•  Short-answer questions worth 4 marks will test your ability to show knowledge and understanding. An example of a command word used would be explain or assess.

	•  Questions worth 6 and 9 marks look for knowledge and understanding but also test your application of knowledge.

	•  You could be asked to analyse and interpret patterns shown through various forms of data presentation, e.g. graphs, charts, photographs, written text and maps.

	•  You may need to apply your knowledge to unfamiliar locations.



	•  Questions worth 20 marks involve extended prose.

	•  These are essay-style questions.







	Timings



	Approximately 45 minutes
	Approximately 45 minutes
	Approximately 55 minutes




Paper 2. Human Geography. Written examination. 2 hours 30 minutes. 120 marks. 40% of the A-level



	Section A
	Section B
	Section C



	Question 1: Global systems and global governance
	Question 2: Changing places
	EITHER
Question 3: Contemporary urban environments

OR

Question 4: Population and the environment

OR

Question 5: Resource security




	Instructions



	Answer all questions.
Total 36 marks.

	Answer all questions.
Total 36 marks.

	Answer EITHER question 3, 4 OR 5.
Total 48 marks.




	Question mark allocation



	One question worth 4 marks.
Two questions worth 6 marks each.

One question worth 20 marks.

	One question worth 4 marks.
Two questions worth 6 marks each.

One question worth 20 marks.

	Four multiple-choice questions worth 1 mark each.
One question worth 6 marks.

Two questions worth 9 marks each.

One question worth 20 marks.




	Type of question



	

	•  Short-answer question worth 4 marks will test your ability to show knowledge and understanding. An example of a command word used would be explain or assess.

	•  Questions worth 6 and 9 marks look for knowledge and understanding but will also test your application of knowledge.

	•  You could be asked to analyse and interpret patterns shown through various forms of data presentation, e.g. graphs, charts, photographs, written text and maps.

	•  You may need to apply your knowledge to unfamiliar locations.



	•  Questions worth 20 marks involve extended prose.

	•  These are essay-style questions.







	Timings



	Approximately 45 minutes
	Approximately 45 minutes
	Approximately 55 minutes




NB: The fieldwork investigation accounts for the remaining 20% of the A-level.



Assessment objectives



	Assessment objectives
	Requirements



	AO1: Demonstrate knowledge and understanding
	Show knowledge and understanding of places, environments, concepts and geographical processes at a variety of scales from local to global.



	AO2: Apply knowledge and understanding
	Demonstrate the ability to interpret, analyse and evaluate geographical information and issues.



	AO3: Use a variety of relevant quantitative, qualitative and fieldwork skills.
	Show the ability to use a range of key skills to interpret, analyse and evaluate geographical data and evidence.






Command words


	•  Evaluate – often used in questions requiring extended writing. It requires you to examine an issue from different points of view with a focus on the strengths and weaknesses.

	•  Analyse – to provide an in-depth account of something.

	•  Assess – to consider several options or points of view and weigh them up so as to come to a conclusion regarding their effectiveness.

	•  To what extent – often used for questions requiring extended writing. It means that you need to form an opinion on the merit or validity of a statement used in the question. You need to present evidence (facts and knowledge) and address the different sides of a statement or argument.

	•  Discuss – set out both sides of an argument (for and against) and form a conclusion related to the content of your answer. Your answers should balanced.





Things to consider when preparing for and sitting the exam


Timing


	•  Timing is a key factor for Papers 1 and 2.

	•  The timings given are approximate. 45 minutes is just under 1 mark per minute and equates to spending about 10 minutes on a 9-mark question.





Data analysis and response


	•  For several questions you will have to analyse data as part of your response so you must allow time to read and interpret the data resource – but be careful not to spend too long on this. Some of the resources are quite complex and it is easy to spend a long time trying to interpret the information and not leave enough time to compose your answer.

	•  Make some annotations.

	•  Make sure that you have practised plenty of data response questions; this is an essential examination skill.

	•  Data and resources provided in the exam will be location specific, but you do not need to have studied the particular location. What you need is to be able to apply your knowledge to these unfamiliar locations (a synoptic link).

	•  Never just repeat data that is in front of you. You need to:

	•  add some narrative to explain what the data shows

	•  manipulate the data

	•  draw out general trends

	•  identify anomalies

	•  look for links across data sets where appropriate.






Essay questions


	•  Essay questions will require you to discuss concepts with command words such as ‘to what extent …’ or ‘evaluate the success of …’, or ‘do you agree with the view that …?’.

	•  Essays require some brief planning. The question will have several components and these need to be broken down when planning your response.

	•  In extended answers, always refer to case studies and examples where possible.

	•  Present different points of view in your essays.





Case studies


	•  Case studies could be examined through any question.

	•  Place-specific facts are key to good use of case study material.

	•  With all topics, make sure that your facts are up to date.









1 Water and carbon cycles



Water and carbon cycles as natural systems


Systems in physical geography

In physical geography, two general approaches are used for explanation: models and systems.


	•  A model is an idealised representation of reality.

	•  A system is a set of interrelated events or components working together. It consists of:

	•  inputs

	•  stores

	•  outputs

	•  a series of flows or connections between the inputs, stores and outputs.







[image: ]

Input The addition of matter and/or energy into a system.

Store A part of the system where energy/mass is stored or transformed.
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Figure 1.1 A closed system
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Figure 1.2 An open system
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Exam tip

Systems are a core concept in physical geography. They must be understood at a variety of scales. For example, for water:


	•  global hydrological cycle

	•  drainage basin system

	•  hill slope drainage system.
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Systems can be classified as:


	•  isolated: there are no interactions with anything outside the system boundary – there is no input or output of energy or matter

	•  closed: there is transfer of energy into and beyond the system but no transfer of matter (see Figure 1.1)

	•  open: both energy and matter transfer freely into and out of the system (see Figure 1.2)

	•  subsystem: a component of a larger system. The Earth system has four subsystems, each of which is an open system with interrelationships between them (see Figure 1.3).




[image: ]
Figure 1.3 The four subsystems of the Earth system



Dynamic equilibrium is where there is a balance between inputs and outputs. For example, wave currents remove and replace sand on a shoreline but the beach apparently stays the same.

Feedback occurs when a change in one part of the system causes a change in another part. There are two types of feedback:


	•  Negative feedback: a feedback which keeps a system in its original condition – for example, increase in CO2 → increase in temperature → increased plant growth → increased uptake of CO2 → reduction in CO2, which counterbalances the initial increase.

	•  Positive feedback: a feedback where there is a progressively greater change from the original condition of the system – for example, increase in temperature → increase in oceanic temperature → dissolved CO2 released from warmer oceans → increase in CO2 → further atmospheric warming.
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Exam tip

The concepts of positive and negative feedback must be applied to a range of concepts. Correct sequencing is important – remember, the same catalyst can lead to both positive and negative feedbacks.
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Now test yourself


	1  What is the difference between an open and a closed system?

	2  Explain the links between the following subsystems:

	a)  atmosphere and hydrosphere

	b)  lithosphere and biosphere

	c)  cryosphere and lithosphere.






Answers on p. 258
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Application of the system concept to the water and carbon cycle

Four vital cycles connect the Earth’s subsystems. These are the:


	•  water cycle

	•  carbon cycle

	•  oxygen cycle

	•  nitrogen cycle.



They are all fundamental to life on Earth and to a study of physical geography. Both the carbon and the water cycles are under pressure from growing populations and climate change.



[image: ]

Making links

Atmospheric CO2 levels have a direct link to air temperature and thereby all major water stores.
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Revision activity

Create flow diagrams to explain how different catalysts (e.g. increased water vapour) lead to positive and/or negative feedback in the water and carbon cycles. An example for the water cycle is:

Temperature increase → more evaporation → more water vapour in the atmosphere → greater cloud cover and more → greater absorption of long-wave radiation → further temperature increase. Positive feedback.
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The water cycle


Global distribution and size of major water stores

About 71 per cent of the Earth’s surface is covered in water. The sizes of the world’s water stores are shown in Figure 1.4.


[image: ]
Figure 1.4 Sizes of major water stores
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Now test yourself


	3  Explain how growing populations are increasing pressure on ground water stores.



Answer on p. 258
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Exam tip

It is important to be able to recognise and explain the pressure from growing populations and climate change on water stores in:


	•  the ocean

	•  fresh water

	•  soil moisture.
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Water exists in three states:


	•  solid (ice)

	•  liquid

	•  gas (water vapour).



The types of water and their global distribution are outlined in Table 1.1.

Table 1.1 Types of water and global distribution



	Type of water store
	Description



	Oceanic water
	
	•  There are five oceanic bodies of water and several smaller seas covering approximately 71% of the Earth’s surface.

	•  The Pacific Ocean is the largest.





	Cryospheric water
	
	•  Composed of sea ice, ice caps, ice sheets, Alpine glaciers and permafrost.

	•  Mainly in high-altitude and high-latitude areas, including ice sheets of Antarctica, Greenland, Arctic areas of Canada and Alaska; ice caps such as the Himalayas, the Rockies, the Andes and the southern Alps of New Zealand.





	Terrestrial water
	
	•  Rivers, the largest by discharge of water being the Amazon. Lakes – Canada and Finland have the largest number of lakes.

	•  Wetlands, where water covers the soil – these are present on every continent except Antarctica.

	•  Groundwater, soil water and biological water also make up terrestrial water.





	Atmospheric water
	
	•  The most common form is water vapour.

	•  Important as it absorbs and reflects incoming solar radiation.

	•  Warm air holds more water vapour than cold air – a small increase in water vapour will lead to an increase in atmospheric temperatures (positive feedback, see page 30).








[image: ]

Now test yourself


	4  Give an example of positive feedback in the water cycle.

	5  What is permafrost?

	6  Name three types of terrestrial water stores.

	7  Why is the atmospheric water store so important in regulating global climate?



Answers on p. 258
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Making links

CO2 levels determine the intensity of melting of water stores in the cryosphere – the resulting exposed land surfaces absorb solar radiation and there are knock-on effects.
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Processes driving change in water stores over time and space

Water changes from one state to another, for example ice melts to form water (latent heat is needed), water freezes to form ice (latent heat is released). The following processes are key to an explanation of how water changes from one state to another:


	•  evaporation

	•  condensation

	•  cloud formation

	•  precipitation

	•  cryospheric processes (at different sizes and timescales).




Evaporation


	•  Evaporation is a physical process where liquid becomes gas. Requirements include:

	•  heat energy, provided either by the movement of water or by solar energy

	•  air that is not saturated and can therefore absorb evaporated water molecules/water vapour.



	•  Transpiration is linked to evaporation. It is a biological process where water is lost from plants through pores called stomata.

	•  Together, the two processes are termed evapotranspiration. Factors affecting these processes include:

	•  temperature

	•  wind

	•  humidity

	•  climatic factors such as hours of sunshine.






[image: ]

Revision activity

For each of the four factors listed, write a sentence stating how they affect evaporation and transpiration (temperature, wind, humidity, hours of sunshine).
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Condensation


	•  Condensation is a physical process where gas (water vapour) becomes liquid.

	•  It happens when air cools and is less able to hold water vapour (dew point).

	•  In the cooling process the water molecules condense onto nuclei (dust, smoke) or onto surfaces, for example grass, and form water droplets or frost.

	•  Precipitation (rain, sleet, snow, hail) occurs when the air can no longer hold the weight of the condensed water.





Cloud formation

Clouds are visible masses of water droplets or ice crystals held in the atmosphere. They form when:


	•  air is saturated either because it has cooled below the dew point or evaporation means the air has reached its maximum water-holding capacity

	•  condensation nuclei are present.



The greater the amount of moisture in the cooling air, the greater the condensation and cloud formation.



Precipitation

The condensation which is a direct cause of precipitation can occur when:


	•  air temperature is reduced to dew point, for example warm moist air passes over a cold surface on a clear night, or when heat is radiated out into the atmosphere and the ground gets colder, cooling the air above it

	•  volume of air increases as it rises and expands, but there is no addition in heat (adiabatic cooling). In this example, the air may be forced to rise for three different reasons, each resulting in precipitation:

	•  Air is forced to rise over hills and mountains = orographic rainfall.

	•  Air masses of different temperatures and densities meet, the warm air rising over the cool sinking air = frontal rainfall.

	•  Warm air rises from hot surfaces on a sunny day = convectional rainfall.







[image: ]

Now test yourself


	  8  Explain how the processes of evaporation and condensation relate to the formation of:

	a)  clouds

	b)  rainfall



	  9  How do the following affect evapotranspiration?

	a)  temperature

	b)  wind

	c)  humidity



	10  Why do sunny days lead to bursts of heavy rainfall?

	11  Explain the link between climate change and soil moisture stores.



Answers on p. 258
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Revision activity

Create a diagram to summarise the processes involved when water changes state.
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Cryospheric processes

These affect the mass of ice at any scale. They include:


	•  accumulation – inputs to a glacial system due to snowfall

	•  ablation – output of a glacial system due to melting

	•  sublimation – ice changing directly into water vapour.






Drainage basins as open systems

A drainage basin is an area of land drained by a river and its tributaries. Its boundary, or watershed, is marked by ridges of high land, beyond which rainfall will drain into a neighbouring drainage basin.

The drainage basin system:


	•  forms a subsystem of the hydrological or water cycle

	•  is an open system as it has inputs and outputs of both matter and energy

	•  is composed of:

	•  inputs (precipitation)

	•  flows/transfers (throughfall, stemflow, infiltration, percolation, overland flow and groundwater flow)

	•  stores (vegetation store)

	•  outputs to the sea or atmosphere (evapotranspiration) – see Figure 1.5.
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Flow/transfer A form of linkage between one store/component and another that involves movement of energy or mass.
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Figure 1.5 The drainage basin system



Table 1.2 Key terms for the drainage basin system



	Precipitation
	May fall as rain, hail, sleet or snow. Duration and intensity will impact processes in the system.



	Evapotranspiration
	Combined loss of water through evaporation and transpiration by plants.



	Runoff
	The output of water from the drainage basin system as it moves across the land surface either as overland flow or channel flow.



	Interception store
	Vegetation cover intercepts the precipitation and a store may be held on leaves and branches. Density of vegetation will affect this. Tropical rainforest can intercept 58% of rainfall.



	Surface storage
	This mainly occurs in built environments as puddles. In natural environments, infiltration normally occurs more quickly than rainfall and there will be surface puddles only after very long periods of rainfall or on compacted surfaces or bare rock.



	Soil water storage
	Pore spaces between soil particles fill with air and water. The amount of pore space varies in different soils: clay 40–60% volume, sand 20–45% volume.



	Groundwater store
	Water stored underground in permeable and porous rocks.



	Channel store
	The volume of water in a river channel.



	Vegetation store
	Vegetation cover intercepts the precipitation and a store may be held on leaves and branches. Density of vegetation will affect this. (Sometimes referred to as interception store.)



	Stemflow
	Water flows down the stems of plants and trees.



	Infiltration
	Water soaks into the soil. Rate = infiltration rate. The texture, structure and organic content of soil all affect infiltration rate. The rate normally declines during the early part of a storm.



	Overland flow
	Rainfall flowing over the ground surface either because the soil is saturated or because the rainfall is exceeding the soil infiltration capacity.



	Channel flow
	The flow of water in rivers.



	Throughfall
	Water moving from vegetation to the ground.



	Throughflow
	The lateral movement of water down a slope to a river channel. Slower than overland flow but the rate is decreased by root systems of vegetation.



	Percolation
	Downward movement of water into underground stores.



	Groundwater flow
	Downward and lateral movement of water within saturated rock. This is a very slow movement. Water-bearing rocks are called aquifers.



	Evaporation
	The process by which water, which is a liquid, changes to a gas. This process requires energy in the form of sun, aided by the wind.



	Transpiration
	The loss of water from vegetation through pores (stomata) on the surfaces.



	River discharge
	Volume of water in a river flowing past a certain point every second. Expressed in cumecs (m3S−1).
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Exam tip

It is important to learn the terms in Table 1.2 as inputs, outputs, stores and flows, and be very clear on which processes relate to each of these.
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Now test yourself


	12  State three factors that can affect stores in the drainage basin system.

	13  What leads to an increase in overland flow?

	14  Explain the impact of increased ocean evaporation on the hydrological cycle.



Answers on p. 258
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Figure 1.6 Varying timescales in the drainage basin system
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Revision activity

With a copy of Table 1.2, in pairs, test each other on the key terms. Either give the term and ask for an explanation or give the explanation and ask for the term to which it refers.
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Now test yourself


	15  Figure 1.6 shows that drainage basin systems change over time. Explain the seasonal impacts on the drainage basin system.



Answer on p. 258
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Water balance

The long-term balance between the inputs and outputs in the drainage basin system is known as the water balance. It is expressed in an equation as:

P = Q + E ± (S)

P = precipitation

Q = runoff (measured in river discharge)

E = evapotranspiration

S = change in storage


	•  Positive water balance – precipitation exceeds evapotranspiration.

	•  Negative water balance – evapotranspiration exceeds precipitation.



Storage affects water balance, for example in:


	•  winter when precipitation is likely to be high, the soil storage may lead to a soil moisture surplus and increased runoff – positive water balance

	•  summer when by utilisation of water by humans and vegetation is likely to be high, there may be a soil moisture deficit – negative water balance

	•  autumn when initial precipitation will recharge the soil store.





[image: ]

Exam tips

The use of the correct terms in an explanation of extended writing will gain credit. For example, when asked to account for different flood hydrograph patterns (see Figure 1.8, page 17): ‘A flash response will have a steep rising limb and receding limb. Lag time will be short.’

Read questions very carefully. The types of flow in the drainage basin system are distinctly different, e.g. infiltration, throughflow and percolation, but can easily be confused.
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Figure 1.7 applies these terms to a soil water budget graph.
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Figure 1.7 Annotated soil water budget graph
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Now test yourself


	16  Explain the term ‘water balance’.



Answer on p. 258
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Exam tip

When presented with data to be used in an answer, it is essential that you ‘add something new’ and do not simply present information which is already given in the resource. You must add your analysis and interpretation of the facts, as shown by the annotations in Figure 1.7.
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Runoff variation

The flows of water within a drainage basin system end up either in the river (which then transfers the water by channel flow) or in groundwater stores. The water leaving the drainage basin through channel flow is called runoff.

Drainage basins all have individual characteristics. Interpreting the runoff variation and seasonal changes of a river’s flow in a particular drainage basin can provide vital information for the management of water resources.
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Revision activity

Using Figure 1.7, annotate a simple diagram version of the soil water budget graph with factors that will affect soil water budget (e.g. the effect of a summer drought or a prolonged winter freeze).
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River discharge

River discharge is the measure of river flow (the volume of water passing a measuring point, measured in cumecs and calculated by multiplying cross-sectional area by velocity).



The river regime

The river regime is the annual variations in the amount of discharge in a river in response to climatic factors and drainage basin characteristics. It can be plotted on a hydrograph (a graph showing river discharge against time (see Figure 1.8)).



[image: ]

Now test yourself


	17  List the factors that lead to runoff variations between different river regimes.



Answer on p. 258
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Revision activity

Produce a sketch graph of a named river regime. Write a short paragraph describing the trends on the graph and annotate the variations shown. Remember, annotation is more than labelling – it provides explanation.
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Flood hydrograph

A flood hydrograph is a particular type of hydrograph which plots changes in the discharge of a river in response to a storm or rainfall event. It therefore represents a short-term event, not a long-term change. The key features of a flood hydrograph are shown in Figure 1.8.
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Flood hydrograph A graph showing river discharge over a period of time when the river’s normal flow is affected by a flood event.
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Figure 1.8 A flood hydrograph
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Exam tip

You may have to apply your understanding to explain the responses to rainstorm events on a flood hydrograph.
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Revision activity


	1  Draw simplified diagrams representing a:

	a)  flashy hydrograph

	b)  subdued response.





Annotate the graphs from memory.
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Now test yourself


	18  What is base flow?

	19  List the factors that could affect lag time by either shortening or lengthening it.



Answers on p. 258
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Flood hydrographs can be described as:


	•  flashy: short lag time, high peak, steep rising and falling limbs

	•  subdued: long lag time, low peak, gently rising and falling limbs.
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Lag time The time between peak rainfall and peak discharge.
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Exam tip

When describing trends on a graph – for example, a hydrograph – follow a sequence of:


	•  general pattern/trend

	•  peaks and troughs

	•  rate of change – steep/gentle.



Quote figures (and units) as evidence of the trends.
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A range of physical and human factors will affect the response of a river to a storm event. They are summarised in Figure 1.9.


[image: ]
Figure 1.9 The physical and human factors affecting a flood hydrograph
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Revision activity

Complete the blank boxes in Figure 1.9 to explain how each factor will affect a river’s response to a storm.
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Changes in the water cycle over time

The water cycle can be affected by both short- and long-term changes.

Short-term changes include:


	•  daily fluctuations in temperature and rainfall – processes such as evaporation and transpiration are lower in cooler temperatures early in the morning and evening

	•  seasonal changes – solar radiation varies between seasons and this impacts evapotranspiration and precipitation, which in turn impact the water cycle. Convectional heating in the summer months can cause heavy downpours.



Long-term changes include the impacts of climate change and weather patterns over a number of years. For example, glacial periods lead to more surface ice storage and lower sea levels, slowing down the water cycle.

Table 1.3 outlines the effects of both human impact and natural variation on the water cycle.

Table 1.3 The effect of natural variation and human impact on the water cycle



	Storm events

	•  Storm events can include flash floods and unseasonal or unexpected weather events.

	•  As air temperatures rise there is an increase in evaporation and an increase in the amount of water vapour held in the atmosphere. This leads to intense rainstorms where, due to the nature of the rainfall, there is:

	•  less infiltration

	•  more surface runoff

	•  more flooding.



	•  When water vapour condenses into rainfall it releases heat energy and this drives a stronger intensity of storm.


	Seasonal changes

	•  In wet seasons precipitation exceeds evapotranspiration, which leads to a water surplus. Groundwater stores are full and more surface runoff results in higher discharge levels in rivers.

	•  In dry seasons precipitation is lower than evapotranspiration and groundwater stores are depleted, water used by humans and plants is not replaced, so there is a water deficit.





	Farming practices – soil drainage

	•  Farmers use a system of corrugated plastic tubing to drain water from soils when the water table in the soil is high. Improving drainage in poorly drained soils can increase productivity.

	•  Soil drainage can:

	•  improve soil structure

	•  aerate soils

	•  allow microorganisms to thrive and produce more organic matter

	•  reduce compaction from heavy machinery.



	•  It can also artificially increase throughflow, leading to flooding, and the dry surface layer can become prone to wind erosion.


	Water abstraction, for example the London Basin

	•  Groundwater abstraction is the process of taking water from a ground source either temporarily or permanently.

	•  Most of this water is used for irrigation but also, after treatment, for drinking water.

	•  Hydrogeology is used to monitor safe levels of water abstraction, as over-abstraction can lead to a number of issues, including:

	•  rivers drying up

	•  damage to wetland ecosystems

	•  sinking water tables

	•  empty wells.



	•  In coastal areas, intrusion of salt water from the sea degrades groundwater and leads to difficulties of usage for domestic and agricultural purposes.





	Localised deforestation

	•  Evapotranspiration is lower as reduced vegetation cover has fewer leaves and fewer roots.

	•  There is less interception due to reduced canopy.

	•  Overland flow and throughflow increase as there is a lack of vegetation to slow down these processes.

	•  There is increased river discharge and risk of localised flooding.


	Extensive deforestation, for example the Amazon Basin

	•  Most of the water leaves the area in channel flow rather than being recycled to the atmosphere by the process of evapotranspiration.

	•  A reduction of water vapour in the atmosphere leads to falling levels of precipitation.

	•  River levels fall.





	Urbanisation

	•  Natural surfaces are replaced by concrete, so there is less interception and more overland flow.

	•  Infiltration is reduced so subsurface stores and flows are reduced.

	•  Water levels in rivers rise rapidly due to more overland flow.


	Afforestation

	•  Plantations of natural forest increase interception and interception storage.

	•  Moisture held as interception storage evaporates back into the atmosphere.

	•  Runoff is reduced.
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Revision activity

This is a peer group revision activity. Divide the factors affecting the water cycle in Table 1.3 among a small group, for instance three people each take two factors. Produce a flow diagram that explains the cause and effect of each impact and explain this to the rest of the group.

Consider exam practice question number 5, page 34, and as a group prepare a suitable response.
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The water cycle and scale

The processes driving change in the water cycle vary over time and scale.
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Revision activity

Identify and make a list of the links between the water cycle and your chosen physical options topic, hazards or ecosystems under stress.
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Global scale


	•  Water is present on Earth as liquid, ice or atmospheric moisture.

	•  It is cycled between these stores by a range of processes outlined above and summarised in the global water cycle shown in Figure 1.10.
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Figure 1.10 The global water cycle




Circulation of water between continents and oceans


	•  Circulation of water is more rapid in tropical landmasses.

	•  Most of the water in the Pacific Ocean recirculates within the Pacific itself.

	•  Most of the water transported to the continents (North and South America, Europe and Africa) comes from the Atlantic Ocean.





Circulation of water in the drainage basin system


	•  Each drainage basin will have its own unique characteristics depending on climate, geology, slope, soil, land use, vegetation, drainage basin shape and drainage density.

	•  These characteristics determine the inputs, stores, flows and outputs at any individual location and the timescale of the processes involved – Figure 1.5.
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Revision activity

Research a named example of a river in each of the following continents. You will need to think about climate, for example, and seasonal variations in temperature and rainfall:


	•  Africa

	•  South America

	•  Asia.



For each named example, give a brief summary of the functions of its drainage basin system.
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Now test yourself


	20  Why is the circulation of water more rapid in tropical landmasses?



Answer on p. 258
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The carbon cycle


Global distribution and size of major stores of carbon

Cycling of the element carbon is vitally linked to life on Earth. Carbon is present in molecules that are found in all living creatures. It is also present in the Earth’s crust (sedimentary rocks, graphite, coal, oil and natural gas), atmosphere, soils and oceans.

When viewing the Earth as a system, these components can be referred to as stores of carbon (see Figure 1.11).
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Figure 1.11 Major stores of carbon



The sizes of global carbon stores are (approximately) as follows:


	•  Atmosphere 600 Gt (gigatonnes, 1 Gt = 1 billion tonnes)

	•  Ocean surface 700 Gt

	•  Ocean deep layer 38,000 Gt

	•  Sedimentary rocks 60,000,000–100,000,000 Gt

	•  Soil 2,300 Gt

	•  Terrestrial biomass 560 Gt

	•  Fossil fuels 4,130 Gt
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Now test yourself


	21  How is carbon stored in the biosphere and hydrosphere?

	22  Where is the Earth’s largest store of carbon?



Answers on p. 258
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Processes driving change in the magnitude of carbon stores over time and space

The carbon cycle describes the transfer of carbon from one store/pool to another. At its simplest level it is expressed as shown in Figure 1.12.

In order to understand the cycling of carbon it is first important to understand not only where carbon is stored (pools) but also how long it stays there and the processes that transfer it from one pool to another (fluxes).


[image: ]
Figure 1.12 The carbon cycle



Figure 1.13 shows the stores and the fluxes (arrows). Purple represents pools/stores and red the processes that drive the transfer of carbon between the main pools.
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Figure 1.13 The carbon cycle: pools and fluxes



Because the quantities of carbon in the Earth’s major pools are quite large, units such as petagrams, also known as a gigatonne (Gt), are used for the very large numbers involved.
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Exam tip

Read exam questions very carefully. It is important to pick out the focus of the question so that you give a response related to the correct focus. For example, in a question where the focus of the question is ‘stores’, you won’t get credit for an answer that focuses on ‘processes’.
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Now test yourself


	23  What are fluxes? Give three examples.

	24  What is the name of the process by which CO2 is transferred from the atmosphere to plants?

	25  Combustion releases carbon into the atmosphere. What is the source of this carbon?



Answers on p. 258
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Revision activity

Based on Figure 1.12, draw your own simplified diagram of the carbon cycle. Use colours to show:


	•  processes

	•  stores

	•  transfers.
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Subsystems of the carbon cycle

The subsystems of the carbon cycle are shown in Figure 1.14.
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Figure 1.14 The subsystems of the carbon cycle
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Now test yourself


	26  Explain the difference between the slow and the fast carbon cycles.

	27  How is carbon dioxide removed from the atmosphere?



Answers on p. 259
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Exam tip

You must be clear on the processes for each topic; however, it is also important to understand the factors that affect the rate of those processes. For example, increased sunlight will lead to increased photosynthesis and consequently greater uptake of water and CO2 by plants. The revision activity below will help you with this.
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The carbon cycle and scale

The carbon cycle can be studied at a range of scales. For example, the terrestrial carbon cycle can be studied at the scale of:


	•  an individual plant (for example, a tree)

	•  a field

	•  a local ecosystem or

	•  a continent.
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Ecosystem A community of living organisms, their relationship to each other and the environment.
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Figure 1.15 shows the carbon cycle at the individual plant scale.
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Figure 1.15 Carbon cycle of a single tree





Processes driving the transfer of carbon

Table 1.4 outlines the processes driving the transfer of carbon.

Table 1.4 Processes driving the transfer of carbon



	Process
	Description



	Photosynthesis
	
	•  Plants use energy from the sunlight and combine CO2 from the atmosphere with water from the soil to form carbohydrates.

	•  Virtually all organic matter is formed from this process. Carbon is stored (or sequestered) for long periods of time as trees can live for hundreds or thousands of years and resistant structures such as wood take a long time to decompose.





	Respiration
	
	•  Plants release CO2 back into the atmosphere due to respiration (about half of the terrestrial portion).

	•  In soil respiration, microscopic organisms living in soil also release CO2 through respiration.





	Decomposition
	
	•  The process of decomposition by fungi and bacteria returns CO2 to the atmosphere.

	•  Decomposition also produces soluble organic compounds dissolved in runoff from the land surface.

	•  Decomposition releases greenhouse gases (GHGs) as a by-product.





	Combustion
	
	•  Fossil fuels (coal, oil and natural gas) contain carbon captured by living organisms over periods of millions of years and stored in the Earth’s crust.

	•  Since the Industrial Revolution, fossil fuels have been mined and combusted as a primary energy source.

	•  CO2 is the main by-product of fossil fuel combustion.





	Carbon sequestration in oceans and sediments

	•  oceanic carbon pump

	•  biological pump


	
	•  CO2 moves from the atmosphere to the ocean by the process of diffusion.

	•  At low latitudes, warm water absorbs CO2.

	•  At high latitudes where cold water sinks, the carbon is transferred deep into the ocean.

	•  Where the cold water returns to the surface and warms again, it loses CO2 to the atmosphere.

	•  In this way CO2 is in constant exchange between the oceans and the atmosphere.

	•  This vertical circulation is a process called the ‘oceanic carbon pump’.

	•  Phytoplankton also fix CO2 through photosynthesis – the carbon passes through the oceanic food web. Shell-building organisms remove carbonate from the sea.

	•  When organisms die, the shells sink into deep water; decay of marine organisms releases some CO2 into the deep water (the biological pump).

	•  Some material forms layers of carbon-rich sediments which, over millions of years, turn to sediments in rocks.





	Weathering
	
	•  Weathering processes (driven by the atmosphere, rain and groundwater) break down rocks on the Earth’s surface.

	•  These small, weathered particles combine with plant and soil particles and are eventually carried to the ocean.

	•  Large particles are deposited on the shore. The sediment accumulates.

	•  Layers build up and eventually, due to surface pressure, form shale rock.

	•  Within the ocean, dissolved sediments mix with the seawater. Marine organisms use the dissolved sediments to make skeletons and shells containing calcium carbonate. When these organisms die, the carbonate collects at the bottom of the ocean and sedimentary rocks (for example, limestone) form.








[image: ]

Greenhouse gas Any gas in the atmosphere that allows short-wave UV solar radiation to pass through into the atmosphere but prevents terrestrial infrared radiation from escaping into space.

Carbon sequestration The process of capturing and storing CO2.

Weathering The breakdown of rocks in situ by a combination of weather, plants and animals.
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Now test yourself


	28  What is carbon sequestration?

	29  How can warm and cold climates affect decomposition rates on land?



Answers on p. 259
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Revision activity

Draw a cross-section of the ocean and annotate it with information about the functions of the oceanic carbon pump and the biological pump.
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Changes in the carbon cycle over time


Wildfires


	•  Plant carbon enters the atmosphere in the event of a wildfire.

	•  Wildfires:

	•  remove dense areas of carbon-storing plants

	•  eliminate plants that would take CO2 out of the atmosphere as they grow

	•  expose soil, which releases carbon from decaying plant matter.



	•  Young plants, crops or alternative land uses that store less carbon replace the burned vegetation, so there is a net decrease in the carbon store.

	•  All of these effects increase the CO2 in the atmosphere.

	•  As CO2 is the most important gas for controlling the Earth’s temperature, increased CO2 accelerates the process of greenhouse heating.
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Revision activity

Draw a topic web/spider diagram which summarises the potential impacts of wildfires on the carbon cycle. Colour code the diagram into short-term and long-term impacts. Try to go beyond the text on this page (e.g. link impacts to the greenhouse effect).
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Exam tip

Remember that forest fires can be:


	•  naturally induced, for example in periods of intense drought and heat waves, or

	•  human induced as part of agricultural practices.
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Volcanic activity

The full impact of volcanic activity remains uncertain. However, Figure 1.16 summarises, in a cause-and-effect sequence, the potential impact of volcanic explosions on the carbon cycle.
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Figure 1.16 The impact of volcanic activity on the carbon cycle





Farming practices


	•  Ploughing introduces air into the soil, decomposition accelerates and carbon is released to the atmosphere.

	•  Emissions from tractors increase the level of CO2 in the atmosphere.

	•  Livestock release methane gas to the atmosphere as a by-product of digestion.

	•  Rice paddies generate methane.
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Revision activity

Match each of the bullet points under ‘Farming practices’ to a geographic location/example. For example, rice paddies in parts of China are drained in the middle of the rice-growing season to conserve water and cut methane emissions.
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Land use change: deforestation

Figure 1.17 shows how the flow of carbon in a tropical forest can change from a carbon sink to a carbon source as a result of deforestation.
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Carbon sink A carbon store that absorbs more carbon than it releases.
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Figure 1.17 The effects of deforestation on the carbon cycle
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Now test yourself


	30  What is the difference between a carbon flux and a carbon store?

	31  What is the impact of soil erosion on the carbon cycle?



Answers on p. 259
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Land use change: urban growth


	•  Urban growth reduces the amount of surface vegetation.

	•  CO2 emissions from energy consumption, transport, industry and domestic use increase.

	•  There is an increase in CO2 emissions from cement manufacture required for more building.



Carbon sequestration is the capture of carbon from the atmosphere and placing it in long-term storage. It can be achieved in the following ways:


	•  Through geological sequestration, where CO2 is captured at its source and injected in liquid form deep underground.

	•  In oceans, as they absorb CO2, it sinks into deep ocean stores within weeks and circulates for thousands of years.

	•  Using plants to capture and store CO2 in stems, roots and soil, known as biological sequestration.
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Revision activity

Use one of the following methods – bullet point notes, flow diagram (Figure 1.16) or picture diagram (Figure 1.17) – to explain how the extraction and burning of hydrocarbon fuel can change the carbon cycle.
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Now test yourself


	32  What measures can help mitigate the impact of urban growth on the carbon cycle?

	33  What is biological sequestration?



Answers on p. 259
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Carbon budgets

The Earth’s carbon cycle is in a constant state of motion. The processes described above are constantly transferring carbon between stores, working over a full range of timescales from seconds to millennia.

If the carbon moving into any given pool is the same as the carbon being transferred out of that pool, the system is in a state of dynamic equilibrium. A carbon budget is a list of all the carbon pools with an estimate of their size and a summary of all the fluxes that constitute inputs and outputs.
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Carbon pool Carbon stores.
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The Earth’s carbon budget at present shows that it is a system in imbalance, mainly due to:


	•  fossil fuel combustion

	•  land use change.





The impact of the changing carbon cycle


Land


	•  The amount of carbon that plants take from the atmosphere has risen in recent years.

	•  With more atmospheric CO2 to convert to plant matter through the process of photosynthesis, plants have been able to grow more – this is carbon fertilisation.

	•  Plants will continue to grow and absorb CO2 until they reach a limit in the amount of water or nitrogen available.

	•  Wildfires are generally extinguished, preventing large amounts of carbon from entering the atmosphere from this source.

	•  In some parts of the world, such as New Zealand, China and parts of Europe, more intensive agriculture has allowed some farmland to return to more dense vegetation, which can store more carbon.

	•  In other parts of the world where temperatures are high, dry trees are more susceptible to fire and forests may burn more readily, releasing CO2, for example the Australian bushfire season in 2019–2020.

	•  In areas of water scarcity, trees:

	•  slow their growth and take up less carbon, or

	•  die and release their stored carbon into the atmosphere.







Oceans


	•  Ocean acidification – dissolving CO2 in the ocean creates carbonic acid, which increases the acidity of water. Carbonic acid reacts with carbonate ions.

	•  Over time, ocean acidification results in fewer carbonate ions in seawater so shell-building animals, such as corals, have thinner and more fragile shells.

	•  Coral reefs are threatened and there is a fall in marine biodiversity.

	•  Warmer oceans are a product of the greenhouse effect. Phytoplankton grows better in cool, nutrient-rich waters and so the ocean’s ability to take carbon from the atmosphere could reduce.

	•  CO2 is also essential for the growth of phytoplankton and an increase in CO2 could increase the growth of some species.

	•  Ocean warming kills algae, which corals need to grow, leading to bleaching and eventual death of reefs.

	•  When sea ice melts, the reflective ice is replaced by more heat-absorbent water; the ocean absorbs more sunlight, which amplifies the warming process.

	•  Ocean salinity is decreasing in the North Atlantic, probably due to a knock-on effect from:

	•  higher levels of precipitation which, through runoff, eventually enters the sea

	•  the melting of ice sheets, which also adds fresh water to the sea.



	•  Such changes impact the circulation of the North Atlantic waters and eventually impact the climate of north-west Europe.

	•  Melting terrestrial ice and thermal expansion are causing global sea levels to rise – rates of 3.5 mm per year since the early 1990s have been recorded. This is a eustatic rise in sea level.
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Exam tip

It is important to note that all of these impacts of a changing carbon cycle involve gains and losses. They are complex in nature and it is difficult to predict the precise rate, magnitude and direction of
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Atmosphere


	•  CO2 is the most important gas for controlling the Earth’s temperature.

	•  Scientists have calculated that CO2 causes about 20% of the Earth’s greenhouse effect, water vapour about 50% and clouds 25%. Aerosols and methane cause the rest.

	•  While CO2 contributes less to the overall greenhouse effect, it is the gas that sets the temperature, so CO2 controls the amount of water vapour in the atmosphere and thus the size of the greenhouse effect (see Figure 1.18).
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	34  What is carbon fertilisation?
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	35  What is the enhanced greenhouse effect as opposed to the greenhouse effect?
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Water, carbon, climate and life on Earth


The key role of the carbon and water stores and cycles supporting life on Earth
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The role of feedbacks
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	•  Water vapour feedback: an increase in CO2 leads to an increase in the temperature of the atmosphere; warm air holds more water vapour; water vapour helps the Earth hold on to more heat energy from the Sun = warmer climate. Positive feedback.

	•  Albedo feedback: bright surfaces; increased reflection of sunlight; warmer climate; snow melt; less sunlight reflected; more warming = warmer climate. Positive feedback.

	•  Clouds: not fully understood. Clouds reflect sunlight back to space, leading to cooling, but clouds can also restrict heat radiated back, leading to warming. The key is in the fact that high clouds retain heat for longer, while low cloud is thicker and reflects more sunlight. In a warming world we may get more high cloud. Some positives and some negatives.

	•  Terrestrial carbon cycle: some CO2 in the atmosphere is absorbed by plants and the soil, some by oceans. Changes to land surfaces in the future will affect CO2 release and absorption, for example soils may be warmer and release CO2. Some positives and some negatives.





	•  Feedback of methane hydrates – there is a large stock of methane in the deep ocean; in a warming ocean this may be released.

	•  Permafrost areas – carbon locked in organic-rich soils in permafrost areas in high latitudes may be released in a warming climate.
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	36  What is albedo feedback?

	37  Why is the role of clouds in climatic feedback not fully understood?

	38  Name three sources of methane gas.
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Human interventions in the carbon cycle designed to influence carbon transfers and mitigate the impacts of climate change



Strategies to mitigate greenhouse gas emissions


Carbon capture and sequestration technologies (CCS)



	•  capture

	•  transportation

	•  storage.
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Changing rural land use


	•  Grasslands: soil carbon storage in grasslands can be improved by:

	•  adding minerals and fertilisers to increase organic matter and increase plant productivity, which will absorb more CO2 from the atmosphere

	•  irrigation and water management, which will improve plant productivity, as will revegetation with improved pasture species.



	•  Croplands: soil carbon storage can also be improved on land used to grow crops.

	•  Mulching adds organic matter and prevents carbon losses from the system.

	•  Rotation of cash crops with cover crops can increase the biomass returned to the soil.

	•  Improved crop varieties can increase productivity and enhance soil organic carbon (SOC).

	•  Forests reduce CO2 emissions to the atmosphere by storing carbon above and below ground and absorbing carbon from the atmosphere. Therefore, forest protection, reforestation and agroforestry are all important.
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Transport innovations





	•  movement management (for example adopting fuel-efficient routes)

	•  flight management (for example cruising at a lower speed)

	•  design technology (for example carbon capture within engines).
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Case studies


A tropical rainforest setting, for example the Amazon Basin



	•  illustrate and analyse the key themes in the water and carbon cycle

	•  link these key themes to environmental change and human activity in the rainforest.





	What do I need to know?
	Content and suggested revision methods



	


	•  Stores

	•  Transfers





	•  Stores

	•  Transfers


	Organise your notes into a table of bullet pointed notes, e.g.:


	Carbon cycle
	Water cycle



	Stores:


	•  Estimated store of 76 million tonnes of carbon in Amazonia in 2019.


	Stores:


	•  In the north-west part of the Amazon Basin average rainfall can exceed 6,000 mm annually.





	Transfers:


	•  Growth spurt of trees in the Amazon Basin due to more CO2 intake.


	Transfers:


	•  48% of evapotranspiration falls again as rain.










	How human activity has driven change in the rainforest
	Organise your notes into a spider diagram. The centre bubble of the diagram should be ‘How human activity has driven change in the rainforest’. Each ‘stem’ should be an example, e.g.:

	•  deforestation

	•  pollution

	•  slash-and-burn agriculture

	•  replacing forest with pastureland.







	The effects of environmental change
	You can subdivide the effects of environmental change into effects on:

	•  climate

	•  vegetation

	•  soil

	•  rivers.
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	Mitigation strategies to reduce environmental impacts
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A river catchment at a local scale



	•  illustrate and analyse the key themes in the water cycle

	•  engage with fieldwork data

	•  consider the impact of precipitation on drainage basin stores and transfers

	•  consider the implications for sustainable water supply and/or flooding.





	What do I need to know?
	Content and suggested revision methods



	The geographical context of the chosen river catchment
	You can summarise this in an annotated map.


	•  general topography

	•  types of land use (forest land, National Park land, farmland, settlements, transport routes)

	•  the river course and sizeable tributaries.





	Precipitation data and the impact on drainage basin stores and transfers
	You can summarise this through a series of annotated graphs and charts which show information such as rainfall totals and river flow/discharge over a period of time (e.g. a year).





	The implications of the stores and transfers of flow within the catchment for flooding (or water supply)
	Revision notes for this section could be in the form of bulleted notes. You could also create a table, with one column for information/facts regarding flood events or water supply sources for example and another column to consider the implications for flood defences or ensuring sustainable water supplies.
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	1  Outline two of the processes that transfer carbon from one pool to another.


	2  Explain the climatic feedback between water vapour and climate change.


	3  Outline two challenges associated with safe levels of groundwater abstraction.


	4  Assess the need for land-use planning in flood risk areas.


	5  Examine the importance of forest trees in the carbon cycle.
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	•  analysis of specific graphs such as:

	•  flood hydrographs

	•  soil budget graphs

	•  line graphs showing seasonal changes in water storage and surface runoff



	•  geospatial data, i.e. global maps showing:

	•  oceanic warming and cooling

	•  oceanic circulation flows

	•  global levels of forestry.
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	•  Be clear on the systems approach and the concepts of positive and negative feedback and dynamic equilibrium.

	•  For both the carbon and water cycles understand the meaning of the lithosphere, hydrosphere, cryosphere, atmosphere and biosphere, the major stores of carbon and water, their size and geographical distribution.

	•  Key processes affect the flows and transfers of both water (evaporation, condensation, cryospheric processes) and carbon (photosynthesis, respiration, decomposition, combustion, carbon sequestration and weathering).

	•  The cycling of water exists at the global, drainage basin and slope scale. There are a number of common inputs, outputs, stores and flows.

	•  Be clear on the concepts of water balance and carbon budgets and the factors affecting them.

	•  Be able to analyse and interpret hydrographs showing river regimes and storm responses.

	•  Natural and human factors lead to changes in the water and carbon cycles over time.

	•  Understand the impacts of changes on the water and carbon cycles – these may be economic, social or environmental.

	•  There are key links between the water and carbon cycles and the atmosphere – linkage of knowledge is a key feature of A-level geography.

	•  A combination of initiatives is needed to mitigate the impact of climate change.

	•  It is important to develop a view/opinion on possible futures.
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