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▮ Getting the most from this book




Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.







Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.







Knowledge check answers






	Turn to the back of the book for the Knowledge check answers.













Summaries






	Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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▮ About this book


Much of the knowledge and understanding needed for A-level geography builds on what you have learnt for GCSE geography, but with an added focus on key geographical concepts and depth of knowledge and understanding of content. This guide offers advice for the effective revision of Physical geography, which all students need to complete.


The first part of the A-level Paper 1 external exam paper tests your knowledge and application of aspects of Physical geography with a particular focus on Water and carbon cycles, and one of Hot desert systems and landscapes, Coastal systems and landscapes or Glacial systems and landscapes, and either Hazards or Ecosystems under stress. The Physical geography examination lasts 2 hours 30 minutes and the unit makes up 40% of the A-level award. More information on the exam papers is given in the Questions & Answers section (pages 81–85).


To be successful in this unit you have to understand:






	the key ideas of the content


	the nature of the assessment material – by reviewing and practising sample structured questions


	how to achieve a high level of performance within them








This guide has two sections:


Content Guidance – this summarises some of the key information that you need to know to be able to answer the examination questions with a high degree of accuracy and depth. In particular, the meaning of key terms is made clear and some attention is paid to providing details of case study material to help meet the spatial context requirement of the specification. Note: there is not a content section for Ecosystems under stress in this student guide.


Questions & Answers – this includes some sample questions similar in style to those you might expect in the exam. There are some sample student responses to these questions as well as detailed analysis, which will give further guidance in relation to what exam markers are looking for to award top marks.


The best way to use this book is to read through the relevant topic area first before practising the questions. Only refer to the answers and commentaries after you have attempted the questions.












Content Guidance





This section outlines the following areas of the AQA A-level geography specification:






	Water and carbon cycles


	Hot desert systems and landscapes


	Coastal systems and landscapes


	Glacial systems and landscapes


	Hazards









▮ Water and carbon cycles


Water and carbon cycles as natural systems


In geography, two general types of system are recognised:






	A closed system is where there is transfer of energy, but not matter, between the system and its surroundings. Planet Earth is an example of such a system.


	An open system is where a system receives inputs and transfers outputs of energy or matter across the boundaries within it and with its surroundings. Most natural systems, such as the water cycle and carbon cycle, are open systems.










Open systems have common features that are important elements in their own right:






	
Inputs are those elements that enter a system to be processed. They are fed into the system in order to create outputs.


	
Outputs are the outcome of processing within the system. Outputs may be of use to the next element in the system, or they may be unintended outcomes that may not be of use.


	
Stores (or components) are where amounts of energy or matter are held, and not transferred until the appropriate processes are in place to move them.


	
Transfers or flows involve the movement of energy or matter through the system and enable inputs to become outputs. These may involve processes that create change.








Open systems tend to adjust themselves to flows of energy and/or matter by modifying the interrelationships between different elements of the system, so that input and output flows balance each other out, resulting in a steady state for the system, known as  dynamic equilibrium. This kind of adjustment is called self-regulation, and much of physical geography can be understood in part as the study of self-regulating systems.




Feedback is probably one of the most important aspects of systems theory. It occurs when one element of a system changes because of an outside influence. This will upset the dynamic equilibrium, or state of balance, and affect other components in the system. Negative feedback is when a system acts by lessening the effect of the original change and ultimately reversing it. Positive feedback occurs within a system where a change causes a further, or snowball, effect, continuing or even accelerating the original change.




Knowledge check 1


Give a real-world example of each of (a) a negative feedback cycle and (b) a positive feedback cycle.







The water cycle


The world’s water is always in the process of movement – the natural water cycle describes the continuous movement of water on, above and below the surface of the Earth. Water is always changing states between liquid, vapour and ice, with some of these processes happening within seconds and others over much longer periods of time.




Exam tip


Systems theories, involving various forms of feedback, feature several times in this book. Make sure you understand these concepts fully.





The distribution and size of water stores


96% of the world’s water is saline seawater; of the total freshwater, over 68% is locked up in ice and glaciers. Another 30% of freshwater is in the ground. Fresh surface water sources, such as rivers and lakes, constitute only about 1/150th of 1% of total water. Yet, rivers and lakes are the sources of most of the freshwater people use every day.


The hydrosphere (oceans)


Much more water is ‘in storage’ for long periods of time than is actually moving through the water cycle. The oceans hold the vast majority of all water on Earth. It is also estimated that the oceans supply about 90% of all evaporated water.


Although over the short term of hundreds of years the oceans’ volumes do not change much, the amount of water in the oceans does change over the long term. During the last ice age, sea levels were lower by as much as 120 m, which allowed humans to cross over to North America from Asia at the (now underwater) Bering Strait. Similarly, the English Channel was dry. During such colder climatic periods more ice caps and glaciers form, and enough of the global water supply accumulates as ice to lower sea levels. The reverse is true during warm periods. During the last major global ‘warm spell’, 125,000 years ago, the seas were about 5.5 m higher than they are now.


The atmosphere


Although the atmosphere may not be a great store of water (only about 0.001% of the total Earth’s water), it is the main vector that moves water around the globe. Evaporation and transpiration change liquid water into vapour, which then ascends into the atmosphere due to rising air currents. Cooler temperatures at altitude allow the vapour to condense into clouds and strong winds move the clouds around the world until the water falls as precipitation to replenish the land-based parts of the water cycle.


About 90% of water in the atmosphere is produced by evaporation from water bodies, while the other 10% comes from transpiration from plants. A very small amount of water vapour enters the atmosphere through sublimation, the process by which water changes from a solid (ice or snow) to a gas, bypassing the liquid phase. Clouds are the most visible manifestation of atmospheric water, but even clear air contains water – water in particles that are too small to be seen.




Exam tip


It is important that proportions, or percentages, of relative amounts of water are learnt and understood in this section.





The cryosphere (ice caps, ice shelves, sea ice and glaciers)


The vast majority – almost 90% – of Earth’s ice mass is in Antarctica, while the Greenland ice cap contains 10% of the total global ice mass. Collectively ice caps and glaciers cover about 10% of the Earth’s surface. An ice shelf is a floating extension of land ice. Ice shelves in Antarctica cover more than 1.6 million km2 (an area the size of Greenland), fringing 75% of the continent’s coastline, and covering 11% of its total area.




Sea ice is frozen ocean water, surrounding several polar regions of the world. On average sea ice covers up to 25 million km2, an area 2.5 times the size of Canada. One difference between sea ice and ice shelves is that sea ice is free-floating; the sea freezes and unfreezes each year, whereas ice shelves are firmly attached to the land.


Lithosphere (land-based) storage


Freshwater storage


Surface freshwater includes water courses of all sizes, from large rivers to small streams, ponds, lakes, reservoirs and freshwater wetlands. Freshwater represents only about 2.5% of all water on Earth and freshwater lakes and swamps account for a mere 0.29% of the Earth’s freshwater. 20% of all surface freshwater is in one lake – Lake Baikal in Asia. Another 20% is stored in the Great Lakes of North America. Rivers hold only about 0.006% of total freshwater reserves.




Exam tip


It is likely that questions will make use of the terms lithosphere, hydrosphere, cryosphere and atmosphere. Make sure you do not get them confused.





Groundwater storage


Some of the precipitation that falls onto the land infiltrates deep into the ground to become groundwater. Large quantities of water are held deep underground in zones called aquifers. Water from these aquifers can take thousands of years to move back into the surface environment, if at all.




Factors driving change in the water cycle


Evaporation


Evaporation is the process by which water changes from a liquid to a gas or vapour.


Heat (energy) is necessary for evaporation to occur. Energy is used to break the bonds that hold water molecules together, which is why water easily evaporates at the boiling point (100°C) and evaporates much more slowly at the freezing point. Evaporation from the oceans is the primary mechanism supporting the surface-to-atmosphere portion of the water cycle.


Evapotranspiration


Evapotranspiration refers to the water lost to the atmosphere from the ground surface, evaporation from the capillary fringe of the water table, and the transpiration of groundwater by plants whose roots tap the capillary fringe of the water table. The transpiration aspect of evapotranspiration is the process by which water is lost from a plant through the stomata in its leaves.






Knowledge check 2


Identify and explain the factors that determine transpiration rates.





Condensation and cloud formation


Condensation is the process by which water vapour in the air is changed into liquid water. It occurs when saturated air is cooled, usually by a rise in altitude, below the dew point. Condensation is crucial to the water cycle because it is responsible for the formation of clouds. These clouds may produce precipitation, which is the primary route for water to return to the Earth’s surface within the water cycle.




Exam tip


You will have to be aware of all of these factors at a variety of scales: global (see page 7), and hill slope and drainage basin (see page 9).














Precipitation


Precipitation is water released from clouds in the form of rain, freezing rain, sleet, snow or hail. Most precipitation falls as rain. For precipitation to happen the water droplets must condense on even tinier dust, salt or smoke particles, which act as a nucleus (condensation nuclei). Water droplets may grow as a result of additional condensation of water vapour when the droplets collide. If enough collisions occur to produce a droplet with a fall velocity which exceeds the cloud updraft speed, then it will fall out of the cloud as precipitation.


Another mechanism (known as the Bergeron-Findeisen process) for producing a precipitation-sized drop is through a process which leads to the rapid growth of ice crystals at the expense of the water vapour present in a cloud. These crystals may fall as snow, or melt and fall as rain.


Sublimation and de-sublimation


Sublimation refers to the conversion between the solid and the gaseous phases of matter, with no intermediate liquid stage. It is most often used to describe the process of snow and ice changing into water vapour in the air without first melting into water. The opposite of sublimation is ‘de-sublimation’ (sometimes referred to as deposition), where water vapour changes directly into ice – such as hoar frost on trees.


Snowmelt


Runoff from snowmelt is a major component of the global movement of water, although its importance varies greatly geographically. In warmer climates it does not directly play a part in water availability. In the colder climates, however, much of the springtime runoff and flow in rivers is attributable to melting snow and ice.




Exam tip


All of these processes represent transfers or flows within the water cycle system – be clear as to the direction of each of them, for example: evaporation is from land/ sea to atmosphere. You may want to draw a diagram of them.





Drainage basins as open systems


Other aspects of the water cycle are best examined at a smaller scale: the drainage basin hydrological cycle. Inputs include energy from the sun and precipitation. Outputs include evaporation and transpiration (evapotranspiration), water percolating into deep groundwater stores and runoff into the sea. Stores can take place in a number of locations – on vegetation, on the ground, in the soil and in the underlying bedrock. Transfers take place between any of these stores and ultimately into the channels of the rivers of the drainage basin. Drainage basins are bounded by high land beyond which any precipitation will fall into the adjacent drainage basin. The imaginary line that separates adjacent drainage basins is called a watershed.




Drainage basin terminology:


Groundwater store is water that collects underground in pore spaces in rock.


Groundwater flow is the movement of groundwater. This is the slowest transfer of water within the drainage basin and provides water for the river during drought.


Infiltration is the movement of water from the surface downwards into the soil.


Interception is the process by which precipitation is prevented from reaching the soil by leaves and branches of trees as well as by plants and grasses.




Overland flow (or surface runoff) is the movement of water over saturated or impermeable land.


Percolation is the downward movement of water from soil to the rock below or within rock.


Runoff is all the water that flows out of a drainage basin.


Stemflow is the water that runs down the stems and trunks of plants and trees to the ground.


Throughfall is the water that drips off leaves during a rainstorm.


Throughflow is the water that moves downslope through soil.


All of these flows lead water to the nearest river. The river then transfers water by channel flow. The amount of water that leaves the drainage basin is its runoff. The runoff of a river is measured by its discharge. For any river at a given location, this is calculated by the following:


Discharge (Q) = average velocity (V) × cross sectional area (A)


The unit is cumecs, measured in m3 s–1.




Exam tip


You should be able to consider the factors that affect each of these flows and stores. For example, infiltration is affected by the rate of precipitation, soil type, antecedent rainfall, vegetation cover and slope.





The concept of the water balance


This refers to when inputs of precipitation (P) are balanced by outputs in the form of evapotranspiration (E) and runoff (Q) together with changes to the amounts of water held in storage within the soil and groundwater (∆S):


P = E + Q + ∆S


When precipitation exceeds evapotranspiration, this produces a water surplus. Water infiltrates into the soil and groundwater stores (passing below the water table). When pore spaces are saturated excess water contributes to surface runoff. When evapotranspiration is greater than precipitation, evapotranspiration demands are met by water being drawn to the surface of the soil by capillary action. Groundwater stores are depleted and runoff tends to be reduced.




Knowledge check 3


Explain two ways in which overland flow is created.





The storm (flood) hydrograph


A storm (flood) hydrograph (Figure 1) is the graph of the discharge of a river leading up to and following a ‘storm’ or rainfall event – its runoff variation. A hydrograph is important because it can help predict how a river might respond to a rainstorm, which in turn can help in managing the river (even more important as climate change occurs). When water is transferred to a river quickly the resultant hydrograph is described as flashy. This means that the river responds very quickly to the storm and often leads to flooding.










[image: image]



Figure 1 A storm (flood) hydrograph








A number of natural variables within a drainage basin can have an effect on the shape of the storm hydrograph (Figure 2):






	
Antecedent rainfall: rain falling on a ground surface that is already saturated will produce a steep rising limb and a shorter lag time.


	
Snowmelt: large amounts of water are released, greatly and rapidly increasing discharge, especially if the ground surface is still frozen, as this reduces infiltration.


	
Vegetation: in summer, deciduous trees have more leaves so interception is higher, discharge is lower, and lag times are longer.


	
Basin shape: water takes less time to reach the river in a circular drainage basin than in an elongated one.


	
Slope: in steep-sided drainage basins water gets to the river more quickly than in an area of gentle slopes.


	
Geology: permeable rocks allow percolation to occur, which slows down the rate of transfer of water to the river. Impermeable rocks allow less percolation and have greater amounts of overland flow, and hence greater discharges and shorter lag times.
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Figure 2 How key variables affect the shape of the storm hydrograph










Knowledge check 4


Explain how urban growth can affect a hydrograph.





Factors affecting change in the water cycle


Natural variations


Flash floods


These have a timeline measured in minutes or hours, but their effects can be devastating. On a hydrograph they have an extremely steep rising limb, and a very short lag time. The recession limb is equally steep and the river returns to normal flow conditions in a matter of hours.


Single event floods


These result from a single input of additional water, such as a period of cyclonic (frontal) rainfall, into the catchment. They have a timeline measured in hours and days from the onset of rainfall to the flood peak, and for the recovery back to normal conditions.




Multiple event floods


These result from a number of closely spaced single event floods in the same catchment, such that they develop a very long timescale measured in weeks, or even months, of continuous flooding. These are often the result of repeated frontal/cyclonic rainfall events, sometimes coinciding with snowmelt.


Seasonal floods


These occur where there is either seasonal rainfall or seasonal snowmelt on a massive scale. An example is the flooding associated with the Asian monsoon, in areas such as the Indus valley in Pakistan and the floodplains of Bangladesh.




Human factors


Land use change: deforestation


Deforestation removes water-absorbent forests, which trap and transpire rainfall, and replaces them with arable or grazing land. Consequently there will be a significant increase in both the volume of water reaching a river and the speed with which it travels. However, it has also been said that the impact of deforestation overall is overstated, with the main impact being limited to the tree felling period when tracks are being driven through the forest and heavy machinery compacts the soil causing additional overland flow. When the land reverts to scrub or pasture, runoff patterns return to their pre-deforestation state.




Knowledge check 5


Explain how variations in precipitation can impact the water cycle.





Farming practices: arable landscapes


It has been suggested that more emphasis on arable farming has created a greater flood risk. However, this impact varies according to the seasons. In late autumn, winter and early spring, crops are dormant and the soil is relatively bare. Rain falling on these surfaces will not be intercepted by vegetation, and hence overland flow rates are relatively high. By contrast, in late spring and summer, arable landscapes have growing and fully established crops that can intercept much greater proportions of the rainfall and thereby reduce peak flows, extending lag times.


The impact may also vary according to decision-making by farmers. For example, some farmers growing maize may clear the land after the harvest, whereas others leave the vegetation in place during the autumn to protect the soil and thereby reduce flood risk.


Water abstraction


People all over the world make great use of the water in underground aquifers. In some places they pump water out of the aquifer faster than nature replenishes it. In these cases, excessive pumping can lower the water table, below which the soil is saturated. Thus wells can ‘go dry’ and become useless. However, in places where the water table is close to the surface and where water can move through the aquifer at a high rate, aquifers can be replenished artificially.


Climate change


The likelihood of human-induced climate change may impact several of the factors given above. For example, in southern Asia, the seasonal monsoon rains could be affected in both magnitude and frequency, though the direction of those changes is uncertain. Some also suggest that tropical storms will be more frequent and more severe. In the UK, more intense rainstorms are likely to bring about an increased incidence of surface water flooding.




Exam tip


Shorter examination questions will often ask you to separate out physical (natural) and human factors, but longer questions that make connections will ask you to combine them.







The carbon cycle


The distribution and size of carbon stores


Most of Earth’s carbon, about 65,500 billion metric tonnes, is stored in rocks and the soil above it (the lithosphere). The remainder is in the hydrosphere (the oceans), atmosphere, the cryosphere (within the permafrost) and the biosphere (plants and animals). Carbon flows between each of these stores in a complex set of exchanges called the carbon cycle (Figure 3). Any change in the cycle that shifts carbon out of one store puts more carbon in the other stores – an example of dynamic equilibrium. It is now widely accepted that changes which put more carbon gases into the atmosphere result in warmer temperatures on Earth and hence the carbon cycle has a close connection to climate change.
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Figure 3 The carbon cycle








Factors driving change in the magnitude of carbon stores


Weathering


The movement of carbon from the atmosphere to the lithosphere begins with rain. Atmospheric carbon combines with water to form a weak carbonic acid that falls to the surface in rain. The acid dissolves rocks – a form of chemical weathering – and releases calcium, magnesium, potassium and sodium ions. Plants, through their growth, also break up surface granite, and microorganisms hasten the weathering with enzymes and organic acids in the soil coupled with the carbonic acid and carbon dioxide in the water.


Carbon sequestration in oceans and sediments


Weathered calcium and bicarbonates are then washed down to the sea by rivers and used by microscopic marine life to form shells. The ocean algae also draw down carbon dioxide from the air and when these microflora die, their remnants and the shells sink to the ocean floor and are compressed to form sediments of limestone and chalk. Carbon locked up in limestone can be stored for millions, or even hundreds of millions, of years. Carbon has also been stored in rocks where dead plant material built up faster than it could decay to become coal, oil and natural gas. Carbon is also stored in compressed clay deposits called shales.




Exam tip


Be aware of the relative sizes and rates of the various carbon cycle processes (Figure 3). It is unlikely that you will remember the numbers involved, but an understanding of relative scale is important.





Photosynthesis, respiration, decomposition and combustion


Plants (on land) and phytoplankton (microscopic organisms in the ocean) are key components of the carbon cycle. During photosynthesis, plants absorb carbon dioxide (CO2) and sunlight to create glucose and other sugars for building plant structures. Phytoplankton also take carbon dioxide from the atmosphere by absorbing it into their cells. Using energy from the sun, both plants and plankton combine carbon dioxide and water (H2O) to form carbohydrate (CH2O) and oxygen. The chemical reaction looks like this:


CO2 + H2O + energy → CH2O + O2


Four things can happen to move carbon from a plant and return it to the atmosphere, but all involve the same chemical reaction. Plants break down the sugar to get the energy they need to grow. Animals (including people) eat the plants or plankton, and break down the plant sugar to get energy (respiration). Plants and plankton die and decay (decomposition), and are eaten by bacteria, at the end of the growing season, or natural fire consumes plants (combustion). In each case, oxygen combines with carbohydrate to release water, carbon dioxide and energy. The basic chemical reaction looks like this (a reverse of the formula above):


CH2O + O2 → CO2 + H2O + energy


In all four processes the carbon dioxide released in the reaction usually ends up in the atmosphere.


The carbon cycle is so tightly tied to plant life that a growing season can be seen by the way carbon dioxide fluctuates in the atmosphere. In the northern hemisphere winter, when few land plants are growing and many are decaying, atmospheric carbon dioxide concentrations climb. During the spring, when plants begin growing again, concentrations drop. It is as if the Earth is breathing.




Exam tip


Make sure you can define each of the terms photosynthesis, respiration, decomposition and combustion.





Other forms of sequestration


Natural sequestration includes the following:






	
Peat bogs: by creating new bogs, or enhancing existing ones, carbon can be sequestered.


	
Reforestation: the planting of trees on marginal crop and pasture lands will incorporate carbon from atmospheric carbon dioxide into biomass.


	
Wetland restoration: 14.5% of the world’s soil carbon is found in wetlands, while only 6% of the world’s land is composed of wetlands.










Human-induced sequestration includes the following:






	
Urea fertilisation: fertilising the oceans with urea, a nitrogen-rich substance, which encourages phytoplankton growth.


	
Bio-energy with carbon capture and storage (BECCS): where carbon is captured in power stations and stored underground.


	
Biochar: the addition of charcoal to a soil.










Knowledge check 6


Explain how carbon exploitation (such as in power stations) and carbon capture can work together.





Changes in the carbon cycle over time


Natural variations


Wildfires


Some define a wildfire as one caused by nature, such as a lightning strike. However, only 10% of wildfires are started this way. An alternative view is that a wildfire is one that has been started by humans, but gone out of control. It appears that forest fires can release more carbon into the atmosphere than the forest can capture and that this may be a growing problem as the number of wildfires increases. Each year wildfires (e.g. in the Amazon or in California) burn 3–4 million km2 of the Earth’s land area and release tonnes of carbon into the atmosphere as carbon dioxide. However, after a fire, new vegetation moves on to the burnt land and over time reabsorbs much of the carbon dioxide that the fire had released – an example of negative feedback.


Volcanic activity


Carbon is emitted to the atmosphere through volcanoes. Earth’s land and ocean surfaces sit on several moving crustal plates. When the plates collide, one sinks beneath the other, and the rock it carries melts under the extreme heat and pressure. The heated rock recombines into silicate minerals, releasing carbon dioxide. When volcanoes erupt, they vent the gas into the atmosphere and cover the land with fresh silicate rock, to begin the cycle again. At present, volcanoes emit between 130 and 380 million metric tonnes of carbon dioxide per year.




Knowledge check 7


Explain the role of volcanoes in the carbon cycle.





Human impacts


Hydrocarbon fuel extraction and burning


Humans have interfered with the carbon cycle where fossil fuels have been mined from the Earth’s crust and subsequently used. The age of the organisms and their resulting fossil fuels is typically millions of years. Fossil burnt fuels contain high percentages of carbon and include coal, oil and natural gas. They range from volatile materials with low carbon/hydrogen ratios such as methane, to liquid petroleum and non-volatile materials composed of almost pure carbon, such as anthracite coal.


The use of fossil fuels raises serious environmental concerns. Their burning produces around 21 Pg of carbon dioxide per year, but it is estimated that natural processes can only absorb about half of that amount, so there is a net increase of about 8 Pg of atmospheric carbon dioxide per year. Carbon dioxide is one of the greenhouse gases that enhances atmospheric heating and contributes to climate change.




Exam tip


The impact of increased concentrations of carbon dioxide on world climate is well documented. You should be aware of what the IPCC says on this topic.





Land use changes


The Intergovernmental Panel on Climate Change (IPCC) estimates that land use change, such as the conversion of forest into agricultural land, contributes a net 1.6 Gt carbon per year to the atmosphere. Various types of land use change can result in changes to carbon stores:






	conversion of natural ecosystems to permanent croplands


	conversion of natural ecosystems for shifting cultivation


	
conversion of natural ecosystems to pasture


	abandonment of croplands and pastures


	deforestation – the harvesting of timber


	wetland clearance


	establishment of tree plantations (afforestation)








Deforestation: when forests are cleared for conversion to agriculture or pasture, a very large proportion of the above-ground biomass may be burnt, releasing most of its carbon rapidly into the atmosphere. Forest clearing also accelerates the decay of dead wood and litter, as well as below-ground organic carbon. Local climate and soil conditions will determine the rates of decay; in tropical moist regions, most of the remaining biomass decomposes in less than 10 years. Some carbon or charcoal also accretes to the soil carbon pool.


Wetland clearance: when wetlands are drained for conversion to agriculture or pasture, soils become exposed to oxygen. Carbon stocks, which are resistant to decay under the anaerobic conditions prevalent in wetland soils, can then be lost by aerobic respiration.




Knowledge check 8


Explain why and how wetlands and peatlands are major carbon stores.





Farming practices


Examples of impact include the following:






	Cropland soils can lose carbon as a consequence of soil disturbance such as tillage. Tillage increases aeration and soil temperatures, making soil aggregates more susceptible to breakdown and organic material more available for decomposition.


	Soil carbon content can be protected and even increased through alteration of tillage practices, crop rotation, residue management, reduction of soil erosion, improvement of irrigation and nutrient management.


	Heavy livestock grazing alters the ground cover and can lead to soil compaction and erosion, as well as alteration of nutrient cycles and runoff. Avoiding overgrazing can reduce these effects.


	Rice cultivation and livestock have been estimated to be the two primary sources of methane. Alteration of rice cultivation practices, livestock feed and fertiliser use are therefore potential management practices that could reduce methane sources.












Exam tip


You are advised to be aware of what is being done globally to reduce the impact of deforestation and land use change. Research the work of the UN-REDD+ scheme.





The carbon budget


Key features of the carbon budget:






	Carbon dioxide is the single most important anthropogenic greenhouse gas (GHG) in the atmosphere, contributing 65% of radiative forcing.


	The current carbon budget shows a net gain of 4.4 PgC per year in the atmosphere (Figure 4).


	Rising levels of carbon dioxide and other GHGs in post-industrial times are fuelling fears of climate change through atmospheric warming.


	Atmospheric carbon dioxide reached almost 150% of the pre-industrial level in 2018, mainly due to emissions from fossil fuel combustion and cement production (caused by the production of clinker, the key constituent of cement).


	Relatively small contributions to increased carbon dioxide come from deforestation and other land use change, although the net effect of terrestrial biosphere fluxes is as a sink – 2 PgC per year.


	
The average increase in atmospheric carbon dioxide from 2003 to 2018 corresponded to 47% of the carbon dioxide emitted by human activity with the remaining 55% removed by the oceans and the terrestrial biosphere.














Exam tip


Once again, numbers and proportions are important here when referring to the carbon budget. Try to remember some of these facts, and to update them as more information becomes available.
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Figure 4 The carbon budget








Water, carbon, climate and life on Earth


The relationship between the water cycle and the carbon cycle


Both the carbon and water stores and cycles play a key role in supporting life on Earth, largely through their influence on climate. There are clear relationships between the water and carbon cycles in the atmosphere. Furthermore, the various feedback mechanisms within and between the cycles are strongly linked to climate change. Most scientists now agree that climate change will significantly impact life on Earth.


In simple terms, the relationships between the three components, water cycle, carbon cycle and climate change, are as follows:






	Changes in the carbon cycle are the main factors causing climate change, through the combination of the greenhouse and enhanced greenhouse effects.


	Climate change is having, and will continue to have, an effect on the water cycle, such as increased evaporation and/or more precipitation in certain parts of the world.


	Climate change is having, and will continue to have, an effect on the carbon cycle, such as the release of more carbon dioxide from the permafrost areas of the world as they warm.












Humans have to either adapt to the water cycle-related outcomes of climate change, such as increased rates of ice cap melting, flooding and drought, or mitigate these impacts by managing the carbon cycle, or both.






Feedbacks and climate change


Increased emissions of carbon dioxide are warming the atmosphere through the enhanced greenhouse effect. As a result, a number of positive feedback situations have arisen (see Figure 5):








	 As oceans warm, more water is evaporated, which amplifies natural greenhouse warming.


	Warm ocean water is less able to absorb carbon dioxide, resulting in more carbon dioxide remaining in the atmosphere.


	Warmer temperatures are warming and thawing the permafrost, thereby releasing more carbon dioxide.
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Figure 5 Positive feedbacks of the links between carbon dioxide warming, evaporation rates and a moister atmosphere








Human interventions in the carbon cycle


There is general agreement that climate change needs to be addressed, but much less agreement on how this can be achieved. In general terms, there are two approaches: mitigation and adaptation.


Mitigation refers to the reduction in the output of GHGs and/or increasing the size and amount of GHG storage or sink sites. Examples of mitigation are:






	setting targets to reduce greenhouse gas emissions


	switching to renewable sources of energy


	‘capturing’ carbon emissions and/or storing or burying them (sequestration)








Adaptation refers to changing our lifestyles to cope with a new environment rather than trying to stop climate change. Examples of adaptation are:






	developing drought-resistant crops


	managing coastline retreat in areas vulnerable to sea-level rise


	investing in better-quality freshwater provision to cope with higher levels of drought








You should be aware of the variety of interventions in the carbon cycle at a variety of scales: global, regional, national and local.




Global interventions include agreements such as the Kyoto Protocol and the COP21 Agreement (Paris) in 2015.


The Kyoto Protocol


The Kyoto Protocol set legally binding national targets for carbon dioxide emissions compared with 1990, and it proposed schemes to enable governments to reach these targets. The Protocol had some successes, but also some failures (Table 1).


Table 1 Evaluation of the Kyoto Protocol








	Successes

	Failures










	The Protocol paved the way for new rules and measurements on low carbon legislation, e.g. the UK’s Climate Change Act (2008).

	Slow ratification – the UK was one of the first to do so; the USA signed the Protocol, but did not ratify it; Canada withdrew from it.






	By 2012, carbon emissions in the EU were 22% lower than 1990 – well ahead of the initial global 5% target.

	By 2015, there was an increase of 65% of global carbon emissions above 1990 levels, driven by growth in India and China.






	The Clean Development Mechanism supported 75 countries in developing less polluting technology.

	In order to offset emissions some countries set up complex carbon ‘trading’ systems, and some carbon ‘sinks’ were allowed.






	It started a global approach to dealing with anthropogenic climate change, and more UN conferences on climate change followed.

	Only industrialised countries were involved, with ‘emerging’ economies such as India and China left out; the USA’s nonratification has not helped.










The COP21 Agreement (Paris) 2015


A further conference took place in Paris in late 2015. Six of the main outcomes were:






	Global temperatures should not increase by more than 1.5°C by 2100.


	GHG emissions will be allowed to rise for now, but with sequestration aimed for later this century in order to keep within scientifically determined limits.


	Emissions targets will be set by countries separately, but reviewed every 5 years, with emission levels decreased meaningfully after each review.


	Wealthy countries will share science and technology relating to low GHG emissions routes to economic and social development.


	Wealthy countries will make affordable finance available for those poor nations most affected by anthropogenic climate change.


	Countries that have historically emitted a lot of GHGs (like the UK) will recognise the ‘loss and damage’ inflicted on poor countries because of climate change.








A regional approach is that of the European Union (EU) with its 20/20/20 vision which states there should be a 20% reduction in GHG emission, a commitment to 20% of energy coming from renewable sources, and a 20% increase in energy efficiency, all by 2020. The EU also offered to increase its emissions reduction to 30% by 2020 if other major emitting countries in the developed and developing worlds commit to undertake their fair share of a global emissions reduction effort.


In 2018, the EU stated it was on track to meet its 20/20/20 climate and energy targets. Data show that GHG emissions have already decreased beyond the 20% reduction target; the use of energy from renewable sources is steadily growing and is close to the 20% target; and energy efficiency levels are currently considered on track, but have decreased slightly (due to two recent cold winters).


At a national scale, the UK government introduced the Climate Change Act of 2008. This Act set a legally binding target for the UK to reduce GHG emissions by 100% compared to 1990 levels by 2050. By 2018, UK emissions were 44% below 1990 levels. It also created the independent Committee on Climate Change to advise the government and report on progress.


At a local scale, individuals can respond to climate change by improving home insulation, recycling, using energy more wisely (for example, using smart meters), using public transport or car sharing schemes, and calculating personal carbon footprints.




Knowledge check 9


Carbon trading systems are becoming more common around the world. Describe and explain one carbon trading system.







Case studies


You are required to consider two case studies:






	A case study of a river catchment or catchments at a local scale to illustrate and analyse the key themes of the water cycle system and consider the impact of precipitation upon drainage basin stores and transfers. There is a strong recommendation that you carry out fieldwork, or use field data, in such an environment. You should also consider how the changes within the drainage basin impact on flooding and flood control and/or sustainable water supply. With these in mind, good examples would include upland catchments within the British Isles.


	A case study of a tropical rainforest environment to illustrate and analyse the key themes of both the water and carbon cycle systems. You should also research the relationship of these two cycles to environmental change and human activity. With these in mind, good examples would include rainforests within the Amazon region of South America, southeast Asia and central Africa where human activity (largely deforestation and new farming practices) is contributing to change in a significant manner.













Exam tip


The exam questions on these case studies are likely to use one or more of the following words: sustainable, resilience, mitigation and adaptation. Make sure you understand these terms.







Summary


After studying this topic, you should be able to:






	understand the principles of systems in physical geography and know the meaning of terms such as inputs, outputs, flows and transfers, stores and components, and feedback mechanisms


	describe the global distribution of stores within the water cycle, and understand the factors driving change in the magnitude of these stores


	understand how drainage basins act as open systems, and the processes that cause change within them


	explain how both natural factors and human factors can affect both drainage basins and the water cycle as a whole


	describe the global distribution of stores within the carbon cycle, and understand the factors driving change in the magnitude of these stores


	explain how both natural factors and human factors can affect the carbon cycle at a variety of scales


	discuss the key roles of the carbon and water cycles in supporting life on Earth, with particular reference to climate


	evaluate the relationships between the water and carbon cycles, and how each of them contributes to climate change and has implications for life on Earth


	evaluate human interventions in the carbon cycle that are designed to influence carbon transfers and mitigate the impacts of climate change
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