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Getting the most from this book



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


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


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


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


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


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


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



1.1 Water and carbon cycles as natural systems
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You need to know




•  what constitutes a system


•  how systems operate with inputs, outputs, stores and flows


•  the concept of dynamic equilibrium


•  the various forms of feedback mechanisms
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Systems: inputs, outputs, stores and flows


Systems occur in both physical geography and human geography. They have several common features, as shown in Table 1.
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Dynamic equilibrium


When there is a balance between the inputs and the outputs, the system is said to be in a state of dynamic equilibrium.
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Key terms


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


Dynamic equilibrium The balanced state of a system when opposing forces, or inputs and outputs, are equal.
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Feedback mechanisms


Feedback occurs when one of the elements of the system changes, such as an input. The state of the store changes and the equilibrium is upset. There are two types of feedback:





•  positive feedback, where a change causes a further (or snowball) effect, continuing or even accelerating the original change



•  negative feedback, which acts to lessen the effect of the original change and ultimately to reverse it
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Do you know?





1  Outline the differences between ‘inputs’ and ‘outputs’ in a system.



2  Explain the difference between ‘negative’ and ‘positive’ feedback mechanisms.
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Exam tip


Make sure you can use systems theory, including feedback, in a number of contexts across geography.
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1.2 The water cycle
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You need to know




•  the global distribution and size of major water stores


•  the processes driving change in the water cycle


•  how drainage basins act as open systems


•  the key elements of the flood (storm) hydrograph


•  the factors affecting change in the water cycle over time
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Major water stores


Global distribution
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Key term


Evapotranspiration The combined water gain by the atmosphere through evaporation (90%) and transpiration (10%).
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Key features:





•  97% of the world’s water is saline sea water



•  almost 80% of total fresh water is locked up in ice and glaciers



•  another 20% of fresh water is in the ground



•  surface fresh water sources, such as rivers and lakes, constitute only about 1/150th of 1% of total water





The major water stores


The hydrosphere:





•  oceans hold the vast majority of all water on Earth



•  oceans supply about 90% of the evaporated water that goes into the water cycle



•  the amount of water in the oceans has changed:







    •  during the last ice age sea levels were lower, by as much as 120 m, as more ice caps and glaciers formed


    •  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:





•  contains a very small store of water (0.001% of the Earth’s total water)



•  is the main vector that moves water around the globe (Figure 3)



•  clouds are a visible manifestation of atmospheric water, but clear air also contains water vapour
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Exam tip


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


[image: ]





The cryosphere:





•  Antarctica holds almost 90% of the Earth’s ice mass



•  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



•  ice shelves in Antarctica cover over 1.6 million km2 (an area the size of Greenland), covering 11% of its total area



•  sea ice (frozen sea water) surrounds 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





The lithosphere:





•  surface fresh water (glaciers, rivers, streams, lakes, reservoirs and wetlands) represents about 2.5% of all water on Earth



•  20% of all accessible surface fresh water is in Lake Baikal (Russia)



•  another 20% is stored in the Great Lakes of North America



•  rivers hold only about 0.006% of total fresh water reserves



•  large quantities of water are also held deep underground in aquifers




•  water from aquifers can take thousands of years to move back to the surface; some never does
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Exam tip


Questions will make use of the terms lithosphere, hydrosphere, cryosphere and atmosphere. Make sure you do not get them confused.
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Processes driving change


Evaporation:





•  heat (energy) is necessary for evaporation to occur — it is used to break the bonds that hold water molecules together



•  this is why water easily evaporates at boiling point (100°C) and evaporates much more slowly at freezing point



•  evaporation from the oceans is the primary mechanism supporting the surface-to-atmosphere transfer of water





Evapotranspiration:





•  the combined water loss to the atmosphere from the ground surface and the capillary fringe of the water table



•  the transpiration of groundwater by plant roots tapping the capillary fringe of the water table — water is lost from plants through the stomata in their leaves





Condensation and cloud formation:





•  condensation occurs when saturated air is cooled to below the dew point, usually due to a rise in altitude



•  condensation is responsible for the formation of clouds



•  clouds may produce precipitation — a means by which water returns to the Earth’s surface
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Key terms


Ice shelf A floating extension of land ice.


Aquifer A permeable rock that can store and transmit water.


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


Condensation The process by which water vapour in the air is changed into liquid water.


Dew point The temperature at which a body of air at a given atmospheric pressure becomes fully saturated when cooled.


Precipitation Water released from clouds in the form of rain, freezing rain, sleet, snow or hail.
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Precipitation:





•  one precipitation mechanism is shown in Figure 4




•  another mechanism (the Bergeron–Findeisen process) leads to the rapid growth of ice crystals at the expense of the water vapour present in a cloud



•  these crystals fall as snow, and melt to become rain
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Snowmelt and runoff:





•  runoff from snowmelt varies in importance both geographically and over time



•  in areas with colder climates, much springtime flow in rivers is attributable to melting snow and ice
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Exam tip


All these processes represent transfers or flows within the water-cycle system. Be clear as to the direction of each of them. Figure 2 will help with this. For example, evaporation is from land/sea to the atmosphere.
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Drainage basins
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The drainage basin hydrological cycle allows the water cycle to be examined at a local scale:





•  inputs include energy from the Sun and precipitation



•  outputs include evapotranspiration, water percolating into deep groundwater stores, and runoff into the sea



•  stores include vegetation, the ground, the soil and 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 (watershed), beyond which any precipitation falls into the adjacent drainage basin



•  all flows lead water to the nearest river



•  the river transfers water by its channel flow to the sea (runoff) — measured by its discharge



•  for any river at a given location, discharge is calculated by the following:


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







    •  the unit is cumecs, measured in m3 s−1
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Key terms


Drainage basin The catchment area from which a river system obtains its supply of water.


Watershed The imaginary line that separates adjacent drainage basins.


Runoff The amount of water that leaves a drainage basin through a river.
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Stores and flows in a drainage basin


See Figure 5.





•  groundwater store — water that collects underground in pore spaces in rock



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



•  infiltration — the movement of water from the surface downwards into the soil



•  interception — the process by which precipitation is prevented from reaching the soil by the leaves and branches of trees as well as by plants and grasses



•  overland flow — the movement of water over saturated or impermeable land



•  percolation — the downward movement of water from soil into the rock below or within



•  stemflow — the water that runs down the stems and trunks of plants and trees to the ground



•  throughfall — the water that drips off leaves during a rainstorm



•  throughflow — the water that moves down-slope through soil
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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.
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Water balance


This is the relationship between inputs of precipitation (P) and 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):
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The water balance is shown through a soil water budget graph (Figure 6). This shows the balance between precipitation and potential evapotranspiration.
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The flood (storm) hydrograph


A flood (storm) hydrograph (Figure 7):





•  is a graph of the discharge of a river before, during and following a storm event, i.e. its runoff variation



•  can help predict how a river might respond to a rainstorm, which in turn can help in managing a river



•  is described as ‘flashy’ when water is transferred to a river quickly, meaning it responds rapidly to the storm and often leads to flooding
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Key terms


Potential evapotranspiration The amount of water that could be evaporated or transpired from an area assuming there is sufficient water available.


Hydrograph A graph of river discharge over time.
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A number of natural variables can affect the shape of the storm hydrograph:





•  antecedent rainfall — rain falling on saturated ground produces a steep rising limb and a shorter lag time



•  snowmelt — the release of large amounts of water greatly and rapidly increases discharge, especially if the surface is frozen as this reduces infiltration



•  vegetation — in summer, deciduous trees have more leaves so interception is higher, discharge lower and lag time longer



•  basin shape — water takes less time to reach the river in a circular drainage basin than in an elongated one



•  slope — steep-sided drainage basins allow water to get to a river more quickly than an area of gentle slopes



•  geology — permeable rocks allow percolation to occur, which slows down transfer of water; impermeable rocks reduce percolation, have greater amounts of overland flow and hence greater discharges and shorter lag times
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Exam tip


Consider how urban growth can affect a storm hydrograph.
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Changes in the water cycle



Natural variations


Storm events resulting in a large input of water create:





•  an extremely steep rising limb on the hydrograph, and a very short lag time



•  an equally steep recession limb — the river returns to normal conditions in hours





Periods of cyclonic rainfall can add substantial amounts of water to a river catchment. They:





•  have a timeline measured in hours/days from the onset of rainfall to the flood peak



•  have a similar period for the recovery back to normal conditions



•  can cause multiple flood events in the same catchment that can last several weeks





Seasonal floods occur where there is:





•  seasonal rainfall (such as the Asian monsoon)



•  seasonal snowmelt on a massive scale
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Key terms


Flood A body of water that rises to overflow land that is not normally submerged.


Monsoon A seasonal reversal of wind direction that brings a period of intense rain to the area affected.
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Human impacts


See Table 2.


Table 2 Impacts of farming practices, land-use changes and water abstraction






	Farming practices, e.g. arable farming

	Land-use change, e.g. deforestation

	Water abstraction






	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; overland flow rates are relatively high


In late spring and summer, arable landscapes have fully established crops that can intercept greater proportions of the rainfall


This reduces peak flows, extending lag times



	Removes water-absorbent forests, which trap and transpire rainfall, and replaces them with farmland

Creates a significant increase in both the volume of water reaching a river and the speed with which it travels


However, some suggest the main impact is limited to the felling period:





•  overland flow exists when tracks are driven through the forest and heavy machinery is used that compacts the soil



•  runoff patterns return to their prior state when land reverts to scrub or pasture





	People make use of the water in aquifers:




•  in some places they pump water out faster than nature replenishes it



•  the water table can be lowered by excessive pumping



•  wells can ‘go dry’ and become useless




In places where the water table is close to the surface and where rocks are permeable, aquifers can be replenished artificially
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Do you know?





1  Explain the concept of dynamic equilibrium in relation to a drainage basin.



2  What are the differences between sea ice and an ice shelf?



3  Identify and explain the factors that determine transpiration rates.



4  Explain two ways in which overland flow is created.



5  Explain how variations in precipitation can impact the water cycle.
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Exam tip


You are required to study a river catchment at a local scale to illustrate and analyse how the impact of precipitation on stores and transfers has implications for sustainable water supply and/or flooding. This can be a classroom-based activity or based on fieldwork.
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1.3 The carbon cycle
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You need to know




•  the distribution and size of major stores of carbon


•  the factors and processes driving change in the magnitude of these stores over time and space


•  changes in the carbon cycle over time due to natural variations and human impacts


•  the carbon budget and its impact on global climate
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Stores of carbon
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Exam tip


Be aware of the relative sizes and rates of the various carbon cycle processes (Figure 8). It may be difficult to remember the numbers involved, but an understanding of relative scale is important.
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See Figure 8.





•  most of Earth’s carbon, over 100 million petagrams (PgC), is stored in the lithosphere



•  much of this is in fossil fuel rocks (coal and oil), and limestones



•  the remainder is in the hydrosphere (38,000 PgC), the atmosphere (750 PgC), the biosphere (3000 PgC), and the cryosphere (mostly within the permafrost, amount unknown)



•  carbon flows between each of these stores in a complex set of exchanges



•  any change that shifts carbon out of one store puts more carbon in another store(s)
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Exam tip


The units of the carbon cycle can be confusing. This should help: 1 petagram of carbon per year (PgC y−1) = 1015 grams of carbon per year = 1 gigatonne per year (1 GtC y−1) = 1 billion (109) tonnes. Make sure you are consistent in your use of units.
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Changes in the magnitude of stores


Weathering


Key features:





•  atmospheric CO2 combines with water vapour to form a weak carbonic acid that falls as rain



•  this acid dissolves rocks (chemical weathering) and releases calcium, magnesium, potassium, and sodium ions



•  plants, through their growth, also break up surface granites, and microorganisms hasten the weathering with enzymes and organic acids in the soil coupled with the carbonic acid





Carbon sequestration in oceans and sediments


See Figure 9.
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Key terms


Weathering Involves the breakdown or decay of rocks in situ.


Sequestration The process of capture and long-term storage of atmospheric carbon dioxide, by either natural or human-induced means.
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Photosynthesis, respiration, decomposition and combustion



Key points:





•  plants and phytoplankton are key components of the carbon cycle



•  during photosynthesis, plants absorb CO2 and sunlight to create glucose and other sugars for building plant structures



•  phytoplankton also take CO2 from the atmosphere by absorbing it into their cells



•  using energy from the Sun, both plants and phytoplankton combine CO2 and water to form carbohydrate (CH2O) and oxygen







[image: ]


Key term


Phytoplankton Microscopic organisms in oceans.


[image: ]





Carbon can be returned to the atmosphere by:





•  respiration — plants break down the carbohydrate to get the energy they need to grow; animals (and people) eat the plants and break down the sugar to get energy



•  decomposition — plants and plankton die, decay, and are eaten by bacteria at the end of the growing season



•  combustion — natural fire consumes plants





For these three processes, the CO2 released in the reaction usually ends up in the atmosphere.
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Exam tip


Make sure you can distinguish between each of the terms: photosynthesis, respiration, decomposition and combustion.
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Changes over time


Natural variations


Wildfires:





•  can be caused by lightning strikes — only 10% of wildfires are started this way



•  most are started by humans but go out of control



•  forest fires can release more carbon into the atmosphere than forests can capture



•  every year wildfires burn 4 million km2 of the Earth’s land area, and release tonnes of CO2 into the atmosphere



•  new vegetation then moves onto the burned land and re-absorbs much of the CO2 released by the fire
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