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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.


[image: ]







[image: ]


Knowledge check


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


Turn to the back of the book for the Knowledge check answers.
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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 learned 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 The water cycle and water insecurity, The carbon cycle and energy security and Superpowers.


The water cycle and water insecurity, and The carbon cycle and energy security are tested in A-level Paper 1. The whole exam (including the other areas of study not covered here) lasts 2 hours and 15 minutes and makes up 30% of the A-level qualification. Superpowers is covered in Paper 2, which also lasts 2 hours and 15 minutes and makes up 30% of the A-level qualification. More information on the external exam papers is given in the Questions & Answers section at the back of this book.


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 within the specification.


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 on 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 examiner comments after you have attempted the questions.





Content Guidance


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





•  The water cycle and water insecurity



•  The carbon cycle and energy security



•  Superpowers





Read through the topic area before attempting a question from the Questions & Answers section.


The water cycle and water insecurity


Water is essential to life on Earth. It is important that we understand its global circulation and distribution, as well as the human demands on it. It is a scarce resource, and therefore its use needs to be carefully managed. Failure to do so promises water insecurity.


What are the processes operating within the hydrological cycle from global to local scale?





•  The global hydrological cycle is of immense importance to life on Earth.



•  The drainage basin is an open subsystem within the global hydrological cycle.



•  Water budgets and river systems are strongly influenced by the hydrological cycle.





The global hydrological cycle


A closed system


The global hydrological cycle is the circulation of water around the Earth. It is a closed system of linked processes so there are no external inputs or outputs. For this reason, the amount of global water is finite and constant. The only thing that does change is the state in which the water exists (liquid, vapour or ice). The proportions of global water held in each state vary over time with changes in climate.


The power that drives the global hydrological cycle comes from two sources:





1  solar energy: in the form of heat



2  gravitational energy: causes rivers to flow downhill and precipitation to fall to the ground
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Knowledge check 1


Why is the global hydrological cycle a closed system?
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Knowledge check 2


Name a climate change that would alter the proportion of water held in different states.
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Stores and flows


Figure 1 shows how the global hydrological cycle works. It involves stores, flows and fluxes.





•  Stores are ‘reservoirs’ where water is held. There are four main stores: (1) the oceans, (2) glaciers and ice sheets (cryosphere), (3) surface runoff and (4) the atmosphere. The oceans represent by far the largest store, followed by the cryosphere. Surface runoff consists of rivers and lakes, as well as groundwater. Of these freshwater stores, the cryosphere is the largest, accounting for 69% of all the global freshwater, followed by groundwater (30%). Less than 1% is stored in the biosphere (vegetation and soil moisture).



•  Flows are the transfers of water from one store to another. There are four main flows: precipitation, evaporation, transpiration and vapour transport.



•  Fluxes are the rates of flow between stores. The greatest fluxes occur over the oceans.
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Exam tip


Sometimes flows are also referred to as transfers.
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Exam tip


Be sure that you know the differences between the four flows: precipitation, evaporation, transpiration and vapour transport. You should already have come across them in your GCSE course.
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The global water budget


The global water budget takes into account all the water that is held in the stores and flows of the global hydrological cycle. The most significant feature of the budget is that only 2.5% of it is freshwater; the rest is in the oceans (Figure 2). Even more remarkable is the fact only 1% of all freshwater is ‘easily accessible surface freshwater’. Nearly 70% is locked up in glaciers and ice sheets.


Although water is constantly circulating around the hydrological cycle, each store has a residence time. This is the average time a molecule of water will spend in one of the stores. Residence times vary from 10 days in the atmosphere to 3,600 years in the oceans and 15,000 years in an ice cap. It is claimed that two water stores, fossil water and the cryosphere are non-renewable. The latter is to be questioned because, come another glacial period, more water will once again become locked in glaciers and ice sheets.
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Exam tip


It may be useful to be able to draw a quick, simple sketch of the hydrological cycle, showing its four stores and four flows.
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Knowledge check 3


What are the main stores of easily accessible surface freshwater?
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From a human viewpoint, the most critical feature of the global water budget is that accessible surface freshwater is a mere 1% of all the world’s freshwater (Figure 2). This is the major source of water for human use. The smallness of this figure emphasises the important point that this water is not the abundant resource so many think it is. Indeed, as pointed out above, it is a scarce resource needing careful management.


The drainage basin


An open system


The drainage basin is a subsystem within the global hydrological cycle. It is an open system with external inputs and outputs. Since those inputs vary over time, so does the amount of water in the drainage basin (Figure 3). Drainage basins vary in size from that of a small local stream up to a huge river such as the Amazon. The drainage basins of tributary streams and small rivers nestle within the drainage basins of larger rivers.


Inputs


The main input is precipitation, which can vary in a number of different ways. All these characteristics can have a significant impact on the drainage cycle.





•  Form: rain, snow or hail. Clearly, with snow, entry of water into the drainage system will be delayed.



•  Amount: this will affect the amount of water in the drainage basin and fluxes within it.



•  Intensity: the greater the intensity, the greater the likelihood of flooding.



•  Seasonality: this is likely to result in the drainage basin system operating at different flow levels at different times of the year.



•  Distribution: this is significant in very large basins, such as the Nile and the Ganges, where tributaries start in different climate zones.
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Exam tip


There are three types of precipitation (orographic, frontal and convectional). This distinction, made on the basis of causes is, however, less important than the five bulleted characteristics listed on the previous page.
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Knowledge check 4


How does solar energy affect the drainage basin system?
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Flows


There are at least seven flows that are important in transferring the precipitation that has fallen on the land into the drainage network (Figure 4).





1  Interception: the retention of water by plants and soils which is subsequently evaporated or absorbed by the vegetation.



2  Infiltration: the process by which water soaks into, or is absorbed by the soil.



3  Percolation: similar to infiltration, but a deeper transfer of water into permeable rocks.



4  Throughflow: the lateral transfer of water downslope through the soil.



5  Groundwater flow: the very slow transfer of percolated water through pervious or porous rocks. Also known as base flow.



6  Surface runoff: the movement of water that is unconfined by a channel across the surface of the ground. Also known as overland flow.



7  River or channel flow: takes over as soon as the water enters a river or stream; the flow is confined within a channel.
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Exam tip


It is important that you know these seven flows, their distinguishing features and their courses relative to the ground surface. Again, a simple sketch may serve as an aide memoire.
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Outputs


There are three main outputs of the drainage basin.





1  Evaporation: the process by which moisture is lost directly into the atmosphere from water surfaces, soil and rock.



2  Transpiration: the biological process by which water is lost from plants through minute pores and transferred to the atmosphere.



3  Discharge: (also known as channel flow) into another, larger drainage basin, a lake or the sea.
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Knowledge check 5


What is the difference between throughflow and groundwater flow?
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Impact of physical factors


Table 1 shows five significant physical factors. Climate mainly impacts on the inputs and outputs. The other four factors largely affect the relative importance of the different flows within the system. Of these flows perhaps the most important is surface runoff.




Table 1 Physical factors affecting drainage basin systems






	Climate

	Climate has a role in influencing the type and amount of precipitation overall and the amount of evaporation, i.e. the major inputs and outputs. Climate also has an impact on the vegetation type






	Soils

	Soils determine the amount of infiltration and throughflow and, indirectly, the type of vegetation






	Geology

	Geology can impact on subsurface processes such as percolation and groundwater flow (and, therefore, on aquifers). Indirectly, geology affects soil formation






	Relief

	Relief can impact on the amount of precipitation. Slopes can affect the amount of runoff






	Vegetation

	The presence or absence of vegetation has a major impact on the amount of interception, infiltration and occurrence of overland flow, as well as on transpiration rates










Impact of human factors


It is mainly human changes to (i) rivers and drainage and (ii) the character of the ground surface (its shape, texture and covering) that disrupt the drainage basin system, often by accelerating its processes (Table 2).




Table 2 Some impacts of human activities on drainage basin systems






	River management

	




•  Construction of storage reservoirs holds back river flows



•  Abstraction of water for domestic and industrial use reduces river flows



•  Abstraction of groundwater for irrigation lowers water tables












	Deforestation

	




•  Clearance of trees reduces evapotranspiration, but increases infiltration and surface runoff












	Changing land use — agriculture

	




•  Arable to pastoral: compaction of soil by livestock increases overland flow



•  Pastoral to arable: ploughing increases infiltration by loosening and aerating the soil












	
Changing land use — urbanisation
(see more on p. 14)


	




•  Urban surfaces (tarmac, tiles, concrete) speed surface runoff by reducing percolation and infiltration



•  Drains deliver rainfall more quickly to streams and rivers, increasing chances of flooding
















The components of the drainage basin system most affected by humans are:





•  evaporation and evapotranspiration




•  interception



•  infiltration



•  groundwater



•  surface runoff





Amazonia


The Amazon basin contains the world’s largest area of tropical rainforest. Deforestation here has disrupted the drainage basin cycle in a number of ways, including:





•  a lowering of humidities



•  less precipitation



•  more surface runoff and infiltration



•  more evaporation, less transpiration



•  more soil erosion and silt being fed into the rivers
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Knowledge check 6


What would be the effects of afforestation on drainage basin flows?


[image: ]






Water budgets and river systems


Water budgets


A water budget is the annual balance between precipitation, evapotranspiration and runoff. It is calculated from the formula:


[image: ]


where P is precipitation, E is evapotranspiration, R is runoff and S represents changes in storage over a period of time, usually one year.


The balance can be calculated at various scales, from global to local. Water budgets at a national or regional scale provide a useful indication of the amount of water that is available for human use (for agriculture, domestic consumption, etc.). At a local scale, water budgets can inform about available soil water. This is valuable to users, such as farmers, who can use it to identify when irrigation might be required, and how much.


Of course, as the caption for Figure 5 overleaf implies, soil water availability varies considerably from one climatic region to another.


River regimes


A river regime is the annual variation in the discharge or flow of a river at a particular point, and is usually measured in cumecs. The character of a river’s regime is influenced by a number of variable factors (Figure 6):





•  the size of the river and where discharge measurements are taken along its course



•  the amount, seasonality and intensity of the precipitation



•  the temperatures, with possible meltwater and high rates of evaporation in summer



•  the geology and soils, particularly their permeability and porosity; groundwater noted in permeable rocks is gradually released into the river as base flow




•  the type of vegetation cover: wetlands can hold water and release it slowly into the river



•  human activities aimed at regulating a river’s discharge
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Knowledge check 7


How would the water budget graph for a location in the tropical rainforest differ from Figure 5?
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Figure 7 underlines the importance of climate in determining the basic character of river regimes.
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Knowledge check 8


Study Figure 7 and compare the river regimes of the River Yenisei and River Rhône. Suggest reasons for the differences.


[image: ]





Storm hydrographs


Whereas river regimes are usually graphed over the period of a year, storm hydrographs show discharge changes over a short period of time, often no more than a few days. The storm hydrograph plots two things: the occurrence of a short period of rain (maybe a heavy shower or storm) over a drainage basin and the subsequent discharge of the river.


Figure 8 shows the main features of a storm hydrograph:





•  once the rainfall starts, the discharge begins to rise; this is known as the rising limb




•  peak discharge is reached some time after the peak rainfall because the water takes time to move over and through the ground to each the river



•  the time interval between peak rainfall and peak discharge is known as the lag time




•  once the input of rainwater into the river starts to decrease, so does the discharge; this is shown by the falling or recessional limb




•  eventually the river’s discharge returns to its normal level or base flow
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The shape of a storm hydrograph of the same river may vary from one rain event to the next. This variation is closely linked to the nature of the rainfall event. The shape of the hydrograph also varies from one river to another. This is the result of the particular physical characteristics of individual drainage basins (Table 3).


Some hydrographs have very steep limbs, especially rising limbs, a high peak discharge and a short time lag. These are often referred to as ‘flashy’ hydrographs. In contrast, there are some hydrographs with gently inclined limbs, a low peak discharge and a long lag time. These are often called ‘delayed’ or ‘flat’ hydrographs.


Urbanisation


When it comes to evaluating the factors affecting the character of storm hydrographs, particularly their ‘flashiness’, none is more important than urbanisation. Not least of its impacts is that it changes the basic character of the land surface. Its effects on hydrological processes include the following.





•  Construction work leads to the removal of the vegetation cover. This exposes the soil and increases overland flow.



•  Bare soil is eventually replaced by a covering of concrete and tarmac, both of which are impermeable and increase surface runoff.



•  The high density of buildings means that rain falls on roofs and is then swiftly fed into drains by gutters and pipes.



•  Drains and sewers reduce the distance and time rainwater travels before reaching a stream or river channel.



•  Urban rivers are often channelised with embankments to guard against flooding. When floods occur, they can be more devastating.



•  Bridges can restrain the discharge of floodwaters and act as local dams, thus prompting upstream floods.
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Exam tip


Draw a mind map of the ways in which urbanisation affects hydrological processes.
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Knowledge check 9


Apart from a steady rainfall, what other factors contribute to a ‘delayed’ hydrograph?
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In short, the overall impact of urbanisation is to increase the flood risk. The problem is made worse by the fact that so many towns and cities are located close to rivers. Historically, this was for reasons of water supply and sewage disposal. Often the historic nucleus was located at a point where a river could be easily crossed.




Table 3 Interacting factors affecting the shapes of two different storm hydrographs






	Factor

	‘Flashy’ river

	‘Flat’ river






	Description of hydrograph

	Short lag time, high peak, steep rising limb

	Long lag time, low peak, gently sloping rising limb






	Weather/climate

	Intense storm that exceeds the infiltration capacity of the soil

Rapid snowmelt as temperatures suddenly rise above zero


Low evaporation rates due to low temperatures




	Steady rainfall that is less than the infiltration capacity of the soil

Slow snowmelt as temperatures gradually rise above zero


High evaporation rates due to high temperatures









	Rock type

	Impermeable rocks, such as granite, which restrict percolation and encourage rapid surface runoff

	Permeable rocks such as limestone, which allow percolation and so limit rapid surface runoff






	Soils

	Low infiltration rate, such as clay soils (0–4 mm/h)

	High infiltration rate, such as sandy soils (3–12 mm/h)






	Relief

	High, steep slopes that promote surface runoff

	Low, gentle slopes that allow infiltration and percolation






	Basin size

	Small basins tend to have more flashy hydrographs

	Larger basins have more delayed hydrographs; it takes time for water to reach gauging stations






	Shape

	Circular basins have shorter lag times

	Elongated basins tend to have delayed or attenuated hydrographs






	Drainage density

	High drainage density means more streams and rivers per unit area, so water will move quickly to the measuring point

	Low drainage density means few streams and rivers per unit area, so water is more likely to enter the ground and move slowly through the basin






	Vegetation

	Bare/low density, deciduous in winter, means low levels of interception and more rapid movement through the system

	Dense, deciduous in summer, means high levels of interception and a slower passage through the system; more water lost to evaporation from vegetation surfaces






	Pre-existing (antecedent) conditions

	Basin already wet from previous rain, water table high, soil saturated so low infiltration/percolation

	Basin dry, low water table, unsaturated soils, so high infiltration/percolation






	Human activity

	Urbanisation producing impermeable concrete and tarmac surfaces

Deforestation reduces interception


Arable land, downslope ploughing




	Low population density, few artificial impermeable surfaces

Reforestation increases interception


Pastoral, moorland and forested land













Synoptic themes


Planners have become important players in managing the impacts of urbanisation on the flood risk. This is because:





•  many towns and cities are naturally prone to flooding because of their locations



•  of the numbers of people who live in urban places and who therefore need protection



•  of the huge amount of money invested in urban property
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Exam tip


Draw a mind map of the factors affecting the shape of a storm hydrograph.
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Flood risk management involves such actions as:





•  strengthening the embankments of streams and rivers



•  putting in place flood emergency procedures



•  steering urban development away from high-risk areas such as floodplains
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Knowledge check 10


Identify some other players involved in the issue of urban flooding.
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What factors influence the hydrological system over short- and long-term timescales?





•  Short-term deficits within the hydrological cycle (i.e. droughts) are the result of physical processes, but they can have significant impacts on people.



•  Short-term surpluses within the hydrological cycle (i.e. floods) are the outcome of physical processes and can have significant impacts on people.



•  In the longer term, climate change can have a significant impact on the hydrological cycle, both globally and locally.





Deficits within the hydrological system


Drought is defined in meteorological terms as a shortfall or deficiency of water over an extended period, usually at least a season. Meteorological drought is sometimes distinguished from hydrological drought. The latter is characterised by reduced stream flow, lowered groundwater levels and reduced water stores.


Drought can and does hit agricultural productivity particularly hard. This, in turn, can lead quickly to food shortages, famine and starvation.
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