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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. This Revision Guide 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.


Tick to track your progress


Use the revision planner on pages 4 and 5 to plan your revision, topic by topic. Tick each box when you have:




•  revised and understood a topic


•  tested yourself


•  practised the exam-style questions





You can also keep track of your revision by ticking off each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.
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Features to help you succeed
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Expert tip


Throughout the book there are tips from the experts on how to maximise your chances.
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Definitions and key words


Clear, concise definitions of essential key terms are provided on the page where they appear.


Key words from the syllabus are highlighted in bold for you throughout the book.
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Typical mistake


Advice is given on how to avoid the typical mistakes students often make.
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Exam-style questions


Exam-style questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.
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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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Countdown to my exams
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6–8 weeks to go




•  Start by looking at the syllabus — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages 4 and 5 to familiarise yourself with the topics.


•  Organise your notes, making sure you have covered everything on the syllabus. The revision planner will help you to group your notes into topics.


•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.


•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. This Revision Guide organises the basic facts into short, memorable sections to make revising easier.
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4–6 weeks to go




•  Read through the relevant sections of this book and refer to the expert tips, typical mistakes and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.


•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at the back of the book.


•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.


•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam-style questions provided in this book. Check your answers with your teacher.


•  Try different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.


•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.
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1 week to go




•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.


•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.


•  Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.
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The day before the examination




•  Flick through this Revision Guide for useful reminders, for example the expert tips, typical mistakes and key terms.


•  Check the time and place of your examination.


•  Make sure you have everything you need — extra pens and pencils, tissues, a watch, bottled water, sweets.


•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examinations.
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1 Hydrology and fluvial geomorphology
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1.1 The drainage basin system


The drainage basin system


A drainage basin is a natural system with inputs, flows and stores of water and sediment. Every drainage basin is unique, on account of its climate, geology, vegetation, soil types, size, shape and human activities. The drainage basin system is an open system as it allows the movement of energy and matter across its boundaries.


The hydrological cycle refers to the cycle of water between atmosphere, lithosphere and biosphere. Water can be stored at a number of stages or levels within the cycle (Figure 1.1). These stores include vegetation, surfaces, soil moisture, groundwater and water channels. Human modifications to these can be made at every scale.
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Figure 1.1 The hydrological cycle




•  Precipitation is the main input into the drainage basin system. The main characteristics that affect local hydrology include: the total amount of precipitation; intensity (mm/hour); type of precipitation (snow, rain etc.); geographical distribution; and temporal variability (i.e. seasonality).


•  Interception has three main components: interception loss – water that is retained by plant surfaces and which is later evaporated away or absorbed by the plant; throughfall – water that either falls through gaps in the vegetation or which drops from leaves, twigs or stems; stemflow – water that trickles along twigs and branches and finally down the main trunk.


•  Evaporation and transpiration increase under warm, dry conditions and decreases under cold, calm conditions. Meteorological factors affecting evapotranspiration (EVT) include temperature, humidity and windspeed. Of these, temperature is the most important. Other factors include the amount of water available, vegetation cover and colour of the surface (albedo or reflectivity of the surface).


•  EVT represents the most important aspect of water loss, accounting for the loss of nearly 100% of the annual precipitation in arid areas and 75% in humid areas.


•  Potential evapotranspiration (PEVT) is the water loss that would occur if there was an unlimited supply of water in the soil for use by the vegetation. For example, the actual evapotranspiration rate in Egypt is less than 250 mm, because there is less than 250 mm of rain annually. However, given the high temperatures experienced in Egypt, if the rainfall was as high as 2000 mm, there would be sufficient heat to evaporate that water. Hence the potential evapotranspiration rate there is 2000 mm.


•  The infiltration capacity is the maximum rate at which rain can be absorbed by a soil in a given condition. Infiltration is inversely related to runoff and is influenced by a variety of factors such as duration of rainfall, antecedent soil moisture (pre-existing levels of soil moisture), soil porosity, vegetation cover, raindrop size and slope angle.





Table 1.1 Influence of ground cover on infiltration rate






	Ground cover

	Infiltration (mm/hour)






	Old permanent pasture

	57






	Permanent pasture: moderately grazed

	19






	Permanent pasture: heavily grazed

	13






	Strip-cropped

	10






	Weeds or grain

	9






	Clean tilled

	7






	Bare, crusted ground

	6
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Typical mistake


Drainage basin hydrology is very variable from year to year. This can be due to natural changes or, increasingly, human-related activities.
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Expert tip


You may be asked to draw a diagram of a drainage basin hydrological cycle. A systems diagram – with inputs, stores, flows and outputs – such as that in Figure 1.1, is much better than one that tries to show trees, clouds, rainfall, glaciers, rivers, lakes and oceans, for example.
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•  Soil moisture refers to the subsurface water in the soil. Field capacity refers to the amount of water held in the soil after excess water drains away, i.e. saturation or near saturation. Wilting points refer to the range of moisture content in which permanent wilting of different plants occurs. They define the approximate limits to plant growth. Throughflow refers to water flowing through the soil in natural pipes and percolines (lines of concentrated water flow between soil horizons).


•  Groundwater refers to subsurface water. Groundwater accounts for 96.5% of all freshwater on the Earth. The permanently saturated zone within solid rocks and sediments is known as the phreatic zone. The upper layer of this is known as the water table. Baseflow refers to the part of a river’s discharge that is provided by groundwater seeping into the bed of a river. It is a relatively constant flow, although it increases slightly following a wet period.


•  Recharge refers to the refilling of water in pores where the water has dried up or been extracted by human activity. Hence, in some places, where recharge is not taking place, groundwater is considered a non-renewable resource.


•  Aquifers are rocks that contain significant quantities of water. A spring is a natural flow of water from the Earth’s surface. It occurs when the water table (the upper surface of saturation within permeable rocks) occurs at the surface.
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Now test yourself





1 Define the following hydrological characteristics:







   (a) interception


   (b) evaporation


   (c) infiltration








2 Study Figure 1.1.
Outline the differences between overland flow, throughflow and baseflow.



3 Suggest what is meant by interception storage in Figure 1.1.



4 Outline what may happen to water that is stored on the surface on the ground.



5 Comment on the influence of ground cover on infiltration rates (Table 1.1).





Answers on p.213
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1.2 Rainfall–discharge relationships within drainage basins


Annual hydrograph


A hydrograph is a line graph showing how water level in a river changes over time. There are two main types of hydrograph – annual hydrographs (also known as river regimes) and storm hydrographs (also known as flood hydrographs). Annual hydrographs show variations in the flow of a river over the course of a year, whereas a storm hydrograph shows the variation in the flow of a river for a period of between 1 and 7 days.


Stream flow occurs as a result of runoff, groundwater springs and input from lakes and from meltwater in mountainous or sub-polar environments. The character or regime of the resulting stream or river is influenced by several variable factors:




•  the amount and nature of precipitation


•  the local rocks, especially porosity and permeability


•  the shape or morphology of the drainage basin, its area and slope


•  the amount and type of vegetation cover


•  the amount and type of soil cover





In Figures 1.2–1.4 discharge is shown in litres per second per km2. On an annual basis the most important factor determining stream regime is climate. Figure 1.2 shows a river regime for the Guadalquivir river at Alcala Del Ri in Spain. Its peak flow is about 20 litres/second/km2 in March. It is generally in higher flow during winter whereas in summer it has low flow. In fact, in August there appears to be no flow. Discharge in July and September is less than about 5 litres/second/km2. This is due to the high-pressure system that characterises Mediterranean regions in summer, producing a summer drought. In contrast, winters are associated with low-pressure systems and the resulting rain they bring, hence higher discharges.
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Figure 1.2 Guadalquivir regime
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Figure 1.3 Shannon regime
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Figure 1.4 Gloma regime
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Now test yourself





6 Study Figures 1.3 and 1.4. Compare the river regimes of the Gloma (Norway) and Shannon (Ireland).



7 Suggest reasons for their differences.





Answers on p.213
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Expert tip


Make sure that you use units – it would be easy here to just refer to high discharge and low discharge (or high flow and low flow). A scale is provided – please make sure that you make use of it.
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Flood hydrograph


A flood hydrograph (Figure 1.5) normally refers to an individual storm or group of storms of not more than a few days in length. Before the storm starts the main supply of water to the stream is through groundwater flow or baseflow. This is the main supplier of water to rivers. During the storm some water infiltrates into the soil while some flows over the surface as overland flow or runoff. This reaches the river quickly as quickflow. This causes the rapid rise in the level of the river. The rising limb shows us how quickly the floodwaters begin to rise, whereas the recessional limb is the speed with which the water level in the river declines after the peak. The peak flow is the maximum discharge of the river as a result of the storm and the lag time is the time between the height of the storm (not the start or the end) and the maximum flow in the river.
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Figure 1.5 A simple hydrograph
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Typical mistake


Some students work out the lag time from the start of the storm to the peak discharge. This is wrong – it should be from the peak of the storm to the peak of the flood.
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The effect of urban development on hydrographs is to increase peak flow and decrease lag time (Figure 1.6). This is due to an increase in the proportion of impermeable ground in the drainage basin as well as an increase in the drainage density. Storm hydrographs also vary with a number of other factors (Table 1.2) such as basin shape, drainage density and gradient.
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Figure 1.6 The effects of urban development on flood hydrographs
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Typical mistake


You may be expected to draw a labelled hydrograph – or hydrographs – to show the impact of urbanisation. Pay particular attention to the command words in the question – are you asked to describe the differences or are you being asked to explain the curves? Not reading the question (and therefore answering it) is one of the most common mistakes in exams.
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Expert tip


Practise drawing annotated (labelled) diagrams of simple rural and urban hydrographs for the same storm. Label the rising and recessional limbs, peak flow and lag time.
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Table 1.2 Factors affecting storm hydrographs






	Factor

	Influence on flood hydrograph






	Precipitation type and intensity

	Highly intensive rainfall is likely to produce overland flow and a steep rising limb and high peak flow. Low-intensity rainfall is likely to infiltrate into the soil and percolate slowly into the rock, thereby increasing the lag time and reducing the peak flow. Precipitation that falls as snow sits on the ground until it melts. Sudden, rapid melting can cause flooding and lead to high rates of overland flow, and high peak flows.






	Temperature and evapotranspiration

	Not only does temperature affect the type of precipitation, it also affects the evaporation rate (higher temperatures lead to more evaporation and so less water getting into rivers). On the other hand, warm air can hold more water, so the potential for high peak flows in hot areas is raised.






	Antecedent moisture

	If it has been raining previously and the ground is saturated or near saturated, rainfall will quickly produce overland flow and a high peak flow and short time lag.






	Drainage basin size and shape

	Smaller drainage basins respond more quickly to rainfall conditions. For example, the Boscastle (UK) floods of 2004 drained an area of less than 15 km2. This meant that the peak of the flood occurred soon after the peak of the storm. In contrast, the Mississippi River is over 3700 km long – it takes much longer for the lower part of the river to respond to an event that occurs in the upper course of the river. Circular basins respond more quickly than linear basins, where the response is more drawn out.






	Drainage density

	Basins with a high drainage density – such as urban basins with a network of sewers and drains – respond very quickly. Networks with a low drainage density have a very long lag time.






	Porosity and impermeability of rocks and soils

	Impermeable surfaces cause more water to flow overland. This causes greater peak flows. Urban areas contain large areas of impermeable surfaces. In contrast, rocks such as chalk and gravel are permeable and allow water to infiltrate and percolate. This reduces the peak flow and increases the time lag. Sandy soils allow water to infiltrate, whereas clay is much more impermeable and causes water to pass overland.






	Slopes

	Steeper slopes create more overland flow, shorter lag times and higher peak flows.






	Vegetation type

	Broad-leafed vegetation intercepts more rainfall, especially in summer, and so reduces the amount of overland flow and peak flow, and increases lag time. In winter, deciduous trees lose their leaves and so intercept less.






	Land use

	Land uses that create impermeable surfaces or reduce vegetation cover reduce interception and increase overland flow. If more drainage channels are built (sewers, ditches, drains) the water is carried to rivers very quickly. This means that peak flows are increased and lag times reduced.
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Now test yourself





8 Define the terms river regime and flood hydrograph.



9 Study Figure 1.6 which shows the impact of urbanisation on flood hydrographs. Describe the differences in the relationship between discharge and time.





Answers on p.213
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1.3 River channel processes and landforms


River processes


Transport


The load is transported downstream in a number of ways:




•  The smallest particles (silts and clays) are carried in suspension as the suspended load.


•  Larger particles (sands, gravels, very small stones) are transported in a series of ‘hops’ as the saltated load.


•  Pebbles are shunted along the bed as the bed or traction load.


•  In areas of calcareous rock, material is carried in solution as the dissolved load.





The load of a river varies with discharge and velocity.


Deposition and sedimentation: Hjulstrom curves


There are a number of causes of deposition, such as:




•  a reduction in gradient, which decreases velocity and energy


•  a decrease in the volume of water in the channel


•  an increase in the friction between water and channel
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Figure 1.7 Hjulstrom curves


Hjulstrom curves show what work a river will do (erosion, transport, deposition) depending on its velocity and the size of material present. There are three important features of Hjulstrom curves:




•  The smallest and largest particles require high velocities to lift them – for example, particles between 0.1 mm and 1 mm require velocities of around 100 mm/s to be entrained, compared with values of over 500 mm/s to lift clay (less than 0.01 mm) and gravel (over 2 mm). Clay resists entrainment due to its cohesion; gravel due to its weight.


•  Higher velocities are required for entrainment than for transport.


•  When velocity falls below a certain level those particles with a particular settling or fall velocity are deposited.





Erosion




•  Abrasion (or corrasion) is the wearing away of the bed and bank by the load carried by a river. Abrasion increases as velocity increases.


•  Attrition is the wearing away of the load carried by a river. It creates smaller, rounder particles.


•  Hydraulic action is the force of air and water on the sides of rivers and in cracks.


•  Corrosion or solution is the removal of chemical ions, especially calcium.





Velocity and discharge




•  Velocity refers to the speed of the river. Velocities increase in rivers that are deeper and when rivers are in flood.


•  Discharge refers to rate of flow of a river at a particular time. It is generally found by multiplying cross-sectional area by velocity, and is usually expressed in cusecs (cubic feet per second) or cumecs (cubic metres per second).


•  The hydraulic radius is a measure of a stream’s efficiency – it is calculated by dividing the cross-sectional area by the wetted perimeter (the length of bed and bank in contact with water). The higher the hydraulic radius, the more efficient the river.





Patterns of flow


There are three main types of flow: laminar, turbulent and helicoidal.




•  For laminar flow a smooth, straight channel with a low velocity is required. This allows water to flow in sheets or laminae parallel to the channel bed.


•  Turbulent flow occurs where there are higher velocities and an increase in bed roughness. Turbulence is associated with hydraulic action (cavitation). Vertical turbulence creates hollows in the channel bed.


•  Horizontal turbulence often takes the form of helicoidal flow – a ‘corkscrewing’ motion. This is associated with the presence of alternating pools and riffles in the channel bed, and where the river is carrying large amounts of material. The erosion and deposition by helicoidal flow creates meanders.





Channel landforms


Sinuosity is the length of a stream channel expressed as a ratio of the valley length. A low sinuosity has a value of 1.0 (i.e. it is straight), whereas a high sinuosity is above 4.4. The main groupings are straight channels (<1.5) and meandering (>1.5). Straight channels are rare. Even when they do occur the thalweg (line of maximum velocity) moves from side to side. These channels generally have a central ridge of deposited material, due to the water flow pattern. Meandering is a natural process and creates rivers with an asymmetric cross-section (Figure 1.8).
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Figure 1.8 Characteristics of meanders


Braiding occurs when the channel is divided by islands or bars. Islands are vegetated and long-lived, whereas bars are unvegetated, less stable and often short-term features. Braided channels are formed by many factors, including:




•  a large proportion of coarse material


•  easily erodable bank material


•  highly variable discharge





Pools are the deep parts of a meander, whereas riffles are the ridges of sediment found in the straighter sections of a meander. Riffles are generally formed of coarse gravel, whereas in a pool, erosion is the main process. Helicoidal flow in the river causes erosion on the outer bank of a meander, and the formation of river cliffs. In contrast, on the inner bank, helicoidal flow leads to the formation of point bars (also known as slip-off slopes). A bluff is another term for a river cliff, but may also be used to describe the edge of a river terrace (a former floodplain).


A floodplain is the part of a river valley, adjacent to the river channel, over which the river flows in times of flood. It is a zone of low relief and gentle gradients. The floodplain may contain oxbow lakes and is generally formed of alluvium.


Waterfalls occur where the river spills over a sudden change in gradient, undercutting rocks by hydraulic impact and abrasion, thereby creating a waterfall. The change in gradient is usually related to a band of resistant rock. A gorge is a deep, narrow valley with very steep sides. It is currently occupied by a river or had a river in the past.


Gorges may be formed as a result of:




•  retreat of waterfalls (e.g. Niagara Falls)


•  glacial overflow channelling


•  collapse of underground caverns in carboniferous limestone areas


•  surface runoff over limestone during a periglacial period





Rapids occur when there is a series of small bands of hard rock outcropping in a river. This causes turbulence within the river and a series of ‘mini-waterfalls’. The Nile Cataracts are a good example of rapids.


Levées are formed when a river bursts its banks repeatedly over a long period of time. The floodwater quickly loses velocity, leading to the rapid deposition of coarse material (heavy and difficult to move a great distance) near the channel edge. These coarse deposits build up to form embankments, or levées. The finer material is carried further away to be deposited on the floodplain.


Alluvial fans are found in semi-arid areas where swiftly flowing mountain streams enter a main valley or plain at the foot of the mountains. There is a sudden decrease in velocity, causing deposition. Fine material is spread out as an alluvial fan, with a slope angle of less than 1°. By contrast, coarse material forms a relatively small, steep-sided alluvial cone, with a slope angle of up to 15°.


Deltas are river sediments deposited when a river enters a standing body of water such as a lake, a lagoon, a sea or an ocean. For a delta to form there must be a heavily laden river and a standing body of water with negligible currents, such as the Mediterranean or the Gulf of Mexico. Deposition is enhanced if the water is saline, because salty water causes small clay particles to flocculate or adhere together.
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Typical mistake


Many students think that most erosion occurs in upland areas and deposition in lowland areas. Both occur throughout the course of a river. Most erosion only takes place when the river is in flood.
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Now test yourself





10 Define the terms hydraulic action, attrition and abrasion.



11 Outline the ways in which a river transports its load.



12 State the approximate values needed to (a) deposit, (b) transport, (c) entrain and (d) erode a particle of 1.0 mm.





Answers on p.213
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Expert tip


For most landforms (of erosion and deposition) you should learn an annotated diagram, and ensure that you explain how the landform is formed. For many features, e.g. waterfalls and levées, you may need to learn a sequence of diagrams.
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1.4 The human impact


Human impacts on hydrology


Urbanisation is a major cause of hydrological changes. These are summarised in Table 1.3.


Table 1.3 Potential hydrological effects of urbanisation






	Urbanising influence

	Potential hydrological response






	Removal of trees and vegetation

	Decreased evapotranspiration and interception; increased stream sedimentation






	Initial construction of houses, streets and culverts

	Decreased infiltration and lowered groundwater table; increased storm flows and decreased base flows during dry periods






	Complete development of residential, commercial and industrial areas

	Decreased porosity, reducing time of runoff concentration, thereby increasing peak discharges and compressing the time distribution of the flow; greatly increased volume of runoff and flood damage potential






	Construction of storm drains and channel improvements

	Local relief from flooding; concentration of floodwaters may aggravate flood problems downstream







Human impact on precipitation


There are a number of ways in which human activity affects precipitation. Cloud seeding has probably been one of the more successful. Rain requires particles, such as dust and ice, on which to form. Seeding introduces silver iodide, solid CO2 (dry ice) or ammonium nitrate to attract water droplets.


Human impact on evaporation and transpiration


The human impact on evaporation and transpiration is relatively small in relation to the rest of the hydrological cycle but is nevertheless important.


Dams – there has been an increase in evaporation due to the construction of large dams. For example, Lake Nasser behind the Aswan Dam loses up to a third of its water due to evaporation. Water loss can be reduced by using chemical sprays on the surface, by building sand-fill dams and by covering the dams with plastic.


Urbanisation leads to a huge reduction in evapotranspiration due to the lack of vegetation. There may also be a slight increase in evaporation because of higher temperatures and increased surface storage.


Human impact on infiltration and soil water


Human activity has a great impact on infiltration and soil water. Land use changes are important. Urbanisation creates an impermeable surface, with compacted soil. This reduces infiltration and increases overland runoff and flood peaks. Infiltration is up to five times greater under forests compared with grassland.


Human impact on interception


Interception is determined by the density and type of vegetation. Most vegetation is not natural but represents some disturbance by human activity. Deforestation leads to:




•  a reduction in evapotranspiration


•  an increase in surface runoff


•  a decline of surface storage


•  a decline in lag time





Abstraction and water storage


In the High Plains of Texas, groundwater is now being used at a rapid rate to supply centre-pivot irrigation schemes. In under 50 years, the water level has declined by 30–50 m over a large area. The extent of the aquifer has reduced by more than 50% in large parts of certain counties. By contrast, in some industrial areas, recent reductions in industrial activity have led to less groundwater being taken out of the ground. As a result, groundwater levels in such areas have begun to rise, adding to the problem caused by leakage from ancient, deteriorating pipe and sewerage systems, and resulting in:




•  surface water flooding


•  pollution of surface waters and spread of underground pollution


•  flooding of basements


•  increased leakage into tunnels





There are various methods of recharging groundwater resources, providing that sufficient surface water is available. Where the materials containing the aquifer are permeable (as in some alluvial fans, coastal sand dunes or glacial deposits) water-spreading (through infiltration and seepage) is used.
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Case study: Impact of the Aswan Dam




•  Water losses – the dam provides less than half the amount of water expected due to increased evaporation from Lake Nasser.


•  Salinisation – crop yields have been reduced by salinisation on up to one-third of the area irrigated by water from the dam.


•  Groundwater changes – seepage leads to increased groundwater levels and may cause secondary salinisation.


•  Displacement of population – up to 100,000 Nubian people were removed from their ancestral homes when the dam was constructed.


•  Seismic stress – the earthquake of November 1981 is believed to have been caused by the dam. As water levels in the dam decrease so too does seismic activity.


•  Deposition within the lake – infilling is taking place at a rate of about 100 million tonnes each year.


•  Channel erosion (clear-water erosion) – because it has deposited its load behind the dam, water entering the river downstream of the dam has renewed ability to erode.


•  Erosion of the Nile Delta – this is taking place at a rate of about 2.5 cm each year because of the reduced sediment load in the river.


•  Loss of nutrients – the reduced sediment load means an estimated $100 million is needed to buy commercial fertilisers to make up for the lack of nutrients each year.


•  Decreased fish catches – the loss of nutrients means that sardine yields are down 95% and 3000 jobs in Egyptian fisheries have been lost.


•  Diseases have spread – such as schistosomiasis (bilharzia), which is more prevalent in the still, stagnant waters around the lake.
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Drought


Drought is an extended period of dry weather leading to conditions of extreme dryness.




•  Absolute drought is a period of at least 15 consecutive days with less than 0.2 mm of rainfall.


•  Partial drought is a period of at least 29 consecutive days during which the average daily rainfall does not exceed 0.2 mm.





Dry conditions are caused by a number of factors.




•  The main cause is the global atmospheric circulation. Dry, descending air associated with the subtropical high-pressure belt is the main cause of aridity around at 20–30° N and S.


•  Distance from sea, or continentality, limits the amount of water carried across by winds.


•  In other areas, cold offshore currents limit the amount of condensation in the overlying air.


•  Some areas experience intense rain-shadow effects, as air passes over mountains.


•  Human activities give rise to the spread of desert conditions into areas previously fit for agriculture. This is known as desertification, and is an increasing problem.





The effects of drought include hunger and malnutrition, declining crop yields, reduced water supplies for farming and other economic activities, stress on natural ecosystems, increased risk of fires and poor air quality.


Floods


Flooding occurs when a river overflows its banks. The main causes of floods are climatic forces, whereas conditions that intensify the flooding tend to be drainage basin specific. These flood intensifying conditions involve a range of human-related factors that alter the drainage basin response to a given storm:




•  more rapid discharge in urban areas due to the impermeable surface and increased number of drainage channels


•  urbanisation and urban growth (increase in impermeable surfaces)


•  floodplain developments (increasing risk of damage)


•  bridges, dams and obstructions (leads to ponding and possible flooding)


•  changes in vegetation cover (e.g. agriculture)


•  river engineering works (e.g. levées)


•  human-induced climate change





Recurrence


The recurrence interval refers to the regularity of a flood of a given size. Small floods may be expected to occur regularly. Larger floods occur less often. A 100-year flood is a flood that is expected to occur, on average, once every 100 years. Increasingly larger floods are less common, but more damaging.
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Figure 1.9 Floods and recurrence
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Typical mistake


Not all human impacts have the same effect on floods. Urban areas vary in terms of their degree of impermeable surfaces, the amount of open space and parkland etc.
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Expert tip


Read the question carefully and pay attention to the command words – a question asking you to describe the causes of a flood expects a very different answer from a question that asks you to explain the causes of a flood.
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Forecasting and warning


According to the United Nations Environment Programme’s publication Early Warning and Assessment there are a number of things that could be done to improve flood warnings. These include:




•  improved rainfall and snowpack estimates, and better and longer forecasts of rainfall


•  better gauging of rivers, collection of meteorological information and mapping of channels


•  better and current information about human populations, infrastructure, elevation and stream channels to improve flood risk assessment models


•  better sharing of information between forecasters, national agencies, relief organisations and the general public


•  more complete and timely sharing of meteorological and hydrological information among countries within international drainage basins


•  sharing of technology among all agencies involved in flood forecasting and risk assessment, both within basins and throughout the world





Prevention and amelioration of floods


Loss sharing adjustments include disaster aid and insurance. Disaster aid refers to any aid, such as money, equipment, staff and technical assistance that is given to a community following a disaster. In developed countries insurance is an important loss-sharing strategy. However not all flood-prone households have insurance and many of those who are insured may be under insured.


Event modification adjustments include environmental control and hazard-resistant design. Physical control of floods depends on two measures – flood abatement and flood diversion. Flood abatement involves decreasing the amount of runoff, thereby reducing the flood peak in a drainage basin. There are a number of ways of reducing flood peaks, including:




•  reforestation


•  reseeding of sparsely vegetated areas to increase evaporative losses


•  treatment of slopes, such as through contour ploughing or terracing, to reduce the runoff coefficient


•  comprehensive protection of vegetation from wild fires, overgrazing and clear cutting


•  clearance of sediment and other debris from headwater streams


•  construction of small water and sediment holding areas


•  preservation of natural water storage zones, such as lakes





Flood diversion measures, by contrast, include the construction of levées, reservoirs, and the modification of river channels. Levées are the most common form of river engineering. Reservoirs store excess rainwater in the upper drainage basin. However, this may only be appropriate in small drainage networks.
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Now test yourself





13 What is meant by the term recurrence interval?



14 What is the difference between absolute and partial drought?



15 Where are the world’s main dry areas to be found?





Answers on p.213
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Exam-style questions


Section A





1 (a) Define the term hydrological cycle.





[1]




   (b) Draw an annotated diagram to show the main stores and flows in the hydrological cycle.





[3]





2 Outline the ways in which human activities have modified the hydrological cycle.





[6]


Section B





1 (a) Describe the ways in which a river carries its load.





[3]




   (b) Explain the main processes of erosion by a river.





[4]





2 With the use of annotated diagrams, explain how waterfalls and ox-bow lakes are formed.





[8]





3 With the use of examples, explain how human activities can increase the risk of flooding.





[10]
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2 Atmosphere and weather
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2.1 Local energy budgets


The daytime energy budget


An energy budget refers to the amount of energy entering a system, the amount leaving the system, and the transfer of energy within the system. Energy budgets are commonly considered at a global scale (macro-scale) and at a local scale (micro-scale).
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Typical mistake


The term microclimate is sometimes used to describe regional climates, such as those associated with large urban areas, coastal areas or mountainous regions. Make sure you are clear about whether you are talking about a regional microclimate or a very small-scale microclimate.
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There are six components to the daytime energy budget – incoming solar radiation (insolation), reflected solar radiation, surface absorption, latent heat transfer (evaporation), sensible heat transfer and long-wave radiation. These influence the gain or loss of energy for a point at the Earth’s surface. The daytime energy budget can be expressed by the formula:


energy available at the surface = incoming solar radiation – (reflected solar radiation + surface absorption + sensible heat transfer + long-wave radiation + latent heat transfers)




•  Incoming solar radiation (insolation) is the main energy input and is affected by latitude, season and cloud cover. The less cloud cover there is, and/or the higher the cloud, the more radiation reaches the Earth’s surface.


•  Reflected solar radiation (albedo) varies with colour – light materials are more reflective than dark materials (Table 2.1). Grass has an average albedo of 20–30%, meaning that it reflects back about 20–30% of the radiation it receives.





Table 2.1 Selected albedo values






	Surface

	Albedo (%)






	Water (Sun’s angle over 40°)

	2–4






	Water (Sun’s angle less than 40°)

	6–80






	Fresh snow

	75–90






	Old snow

	40–70






	Dry sand

	35–45






	Dark, wet soil

	5–15






	Dry concrete

	17–27






	Black road surface

	5–10






	Grass

	20–30






	Deciduous forest

	10–20






	Coniferous forest

	5–15






	Crops

	15–25






	Tundra

	15–20









•  Surface absorption occurs when energy reaches the Earth’s surface, which heats up. How much it heats up depends on the nature of the surface. For example, if the surface can conduct heat to lower layers, the surface will remain cool. If the energy is concentrated at the surface, the surface warms up.


•  Sensible heat transfer refers to the movement of parcels of air into and out from the area being studied. For example, air that is warmed by the surface may begin to rise (convection) and be replaced by cooler air. This is known as a convective transfer. It is very common in warm areas in the early afternoon.


•  Long-wave radiation refers to the radiation of energy from the Earth (a cold body) into the atmosphere and, for some of it, eventually into space. There is, however, a downward movement of long-wave radiation from particles in the atmosphere. The difference between the two flows is known as the net radiation balance.


•  Latent heat transfer (evaporation) occurs when heat energy is used to turn liquid water into water vapour. In contrast, when water vapour becomes a liquid, heat is released. Thus, when water is present at a surface, a proportion of the energy available will be used to evaporate it, and less energy will be available to raise local energy levels and temperature.
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Now test yourself


Study Table 2.1.





1 What is meant by the term albedo?



2 Why is albedo important?





Answers on p.213
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The night-time energy budget


The night-time energy budget consists of four components – long-wave radiation, latent heat transfer (condensation), absorbed energy returned to Earth (sub-surface supply), and sensible heat transfer.




•  Long wave radiation – during a cloudless night, there is a large loss of long-wave radiation from the Earth. On a cloudy night, in contrast, the clouds return some long-wave radiation to the surface, hence the overall loss of energy is reduced.


•  Latent heat transfer (condensation) is released when water condenses. During the night, water vapour in the air close to the surface can condense to form water, since the air has been cooled by the cold surface.


•  Sub-surface supply refers to the heat transferred to the soil and bedrock during the day, which is released back to the surface at night. This can partly offset the night-time cooling at the surface.


•  Sensible heat transfer refers to air movement. Cold air moving into an area may reduce temperatures whereas warm air may supply energy and raise temperatures.





[image: ]






Expert tip


Make a simple labelled diagram to show the daytime energy budget and the night-time energy budget.





[image: ]





Weather phenomena associated with local energy budgets


Mist and fog


Mist and fog are cloud at ground level.




•  Mist occurs when visibility is between 1000 m and 5000 m and relative humidity is over 93%.


•  Fog occurs when visibility is below 1000 m. Dense fog occurs when the visibility is below 200 m.
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Expert tip


Mist and fog form during calm, high-pressure conditions. If there is a low-pressure system, the winds will prevent fog from forming by mixing the air.
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For mist and fog to form, condensation nuclei, such as dust and salt, are needed. These are more common in urban and coastal areas, so mist and fog are more common there.


For fog to occur, condensation must take place near ground level. Condensation can take place in two major ways:




•  Air is cooled.


•  More water is added to the atmosphere.





The cooling of air is quite common (orographic, frontal and convectional uplift). By contrast, the addition of moisture to the atmosphere is relatively rare. However, it does occur over warm surfaces such as the Great Lakes in North America or over the Arctic Ocean. Water evaporates from the relatively warm surface and condenses into the cold air above to form fog.


Contact cooling at a cold ground surface may produce saturation. As warm moist air passes over a cold surface it is chilled. Condensation takes place as the temperature of the air is reduced and the air reaches dew point (the temperature at which relative humidity is 100%). When warm air flows over a cold surface advection fog is formed. For example, near the Grand Banks off Newfoundland warm air from the Gulf Stream passes over the waters of the Labrador Current, which is 8–11°C cooler because it brings with it meltwater from the disintegrating pack-ice further north. This creates dense fog for 70–100 days each year.


Radiation fog occurs when the ground loses heat at night by long-wave radiation. This occurs during high-pressure conditions associated with clear skies.


Fog is a major environmental hazard – airports can be closed for many days and road transport is hazardous and slow. Freezing fog is particularly problematic. Large economic losses result from fog but the ability to do anything about it is limited.
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Now test yourself





3 Define mist and fog.



4 What is the difference between radiation fog and advection fog?.





Answers on p.213
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Dew


Dew refers to condensation on a surface. The air is saturated, generally because the temperature of the surface has dropped enough to cause condensation. Occasionally, condensation occurs because more moisture is introduced, for example by a sea breeze, while the temperature remains constant.
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Figure 2.1 Temperature inversion


A relative increase in temperature with height in the lower part of the atmosphere is known as a temperature inversion (or radiation/nocturnal inversion – Figure 2.1). This happens when there are relatively calm (high-pressure) conditions and little mechanical turbulence from the wind causing the air to mix. As the cold air at the surface is dense, it will tend to stay at the surface. During the longer nights of winter there is even more time for the air near the surface to cool. During calm, high-pressure conditions the band of cooled air may extend a few metres before the warmer air is reached.


Temperature inversions are important as they influence air quality. Under high-pressure conditions and limited air movement, a temperature inversion will act like a lid on pollutants, causing them to remain in the lower atmosphere next to the Earth’s surface (Figure 2.1). Only when the surface begins to heat up, and in turn warms the air above it, will the warm air be able to rise and with it any pollutants that it may contain.


Temperature inversions are common in depressions and valleys. Cold air may sink to the bottom of the valley and be replaced by warmer air above it. In some cases, the inversion can be so intense that frost hollows develop. These can reduce growth of vegetation, so are generally avoided by farmers. Urban areas surrounded by high ground, such as Mexico City and Los Angeles, are also vulnerable as cold air sinks from the mountains down to lower altitudes.
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Now test yourself





5 Define the term ‘temperature inversion’.



6 Explain why temperature inversions occur.



7 Describe the problems associated with temperature inversions.





Figure 2.2 shows rural and urban energy budgets for Washington DC (USA) during daytime and night-time. The figures represent the proportions of the original 100 units of incoming solar radiation dispersed in different directions.
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Figure 2.2 Daytime and night-time energy budgets for Washington DC





8 How does the amount of insolation received vary between the rural area and the urban area?



9 How does the amount of heat lost through evaporation vary between the areas?



10 Compare the amount of heat given up by the rural area and urban area at night. Suggest two reasons for these differences.





Answers on pp.213–214
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2.2 The global energy budget


Latitudinal variations in radiation


Atmospheric energy


The atmosphere is an open energy system receiving energy from both Sun and Earth. Although the latter is very small, it has an important local effect, as in the case of urban climates. Incoming solar radiation is referred to as insolation.


There are important variations in the receipt of solar radiation with latitude and season (Figure 2.3). The result is an imbalance: positive budget in the tropics, negative one at the poles. However, neither region is getting progressively hotter or colder. To achieve this balance the horizontal transfer of energy from the equator to the poles takes place by winds and ocean currents. This gives rise to an important second energy budget in the atmosphere – the horizontal transfer between low latitudes and high latitudes to compensate for differences in global insolation.
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Figure 2.3 Seasonal and latitudinal variations in insolation
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Expert tip


Make sure when talking about summer and winter in the southern or northern hemisphere that you refer to months – it is easy to forget that if it is summer in one hemisphere it is winter in the other.
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Now test yourself





11 What does insolation stand for?



12 When does the South Pole receive most insolation (Figure 2.3)?



13 How much insolation does 80°N receive in December and January.





Answers on p.214
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Pressure variations


Sea-level pressure conditions show marked differences between the hemispheres. In the northern hemisphere there are greater seasonal contrasts whereas in the southern hemisphere more stable average conditions exist (Figure 2.4). The differences are largely related to unequal distribution of land and sea, because ocean areas are much more equable in terms of temperature and pressure variations.
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Figure 2.4 Seasonal variations in pressure


Subtropical high-pressure belts (STHP) are a permanent feature, especially over ocean areas.




•  In the southern hemisphere this is almost continuous at about 30° latitude.


•  In the northern hemisphere, by contrast, at 30° the belt is much more discontinuous because of the land.


•  Over the oceans high pressure occurs as discrete cells, such as the Azores and Pacific Highs.


•  Over continental areas, such as southwest USA, southern Asia and the Sahara, major fluctuations occur: high pressure in winter and summer lows because of overheating.





Over the equatorial trough pressure is low, at around 1008–1010 mb.




•  The trough coincides with the zone of maximum insolation.


•  In the northern hemisphere in July it is well north of the equator (25° over India), whereas in the southern hemisphere (January) it is just south of the equator because land masses in the southern hemisphere are not of sufficient size to displace it southwards.





In temperate latitudes pressure is generally lower than in subtropical areas.




•  The most unique feature is the large number of depressions (low pressure) and anticyclones (high pressure), which do not show up on a map of mean pressure.


•  In the northern hemisphere there are strong winter low pressure zones over Icelandic and oceanic areas, but over Canada and Siberia high pressure dominates, due to the coldness of the land.


•  In summer, high pressure is reduced, especially over continental areas.
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