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Unit 1



UNDERSTANDING OUR NATURAL WORLD


THEME A: River Environments


How do rivers manage to create such a dramatic landform?





1 The drainage basin: a component of the water cycle



Characteristics of a drainage basin
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By the end of this section you will be able to:





•  identify and define the characteristics of a drainage basin



•  know and understand the elements of a drainage basin



•  know and understand inputs, stores and transfers.
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What are the characteristics of a drainage basin?


Water is a critical resource. The water that is most useful to humans is fresh water, although this only makes up 2.5 per cent of all the water on the planet, and only 0.1 per cent is stored in rivers and lakes. The rest of the fresh water on land is stored in ice sheets and glaciers, or in the soil and deeper down in the ground. The total amount of water on our planet never changes: in other words, none arrives from space, and none is lost to space. This is called a closed system. The water on Earth circulates between the sea, land and air (stores), being recycled in a natural process known as the hydrological cycle (water cycle).


On the land, water is stored on the surface as lakes and rivers. Each river is contained within its own drainage basin. This is the area of land drained by a river, from its source (where it begins) to its mouth (where it ends by meeting the sea, ocean or lake) and its tributaries. The boundary of a drainage basin follows a ridge of high ground, known as the watershed. A confluence is when a tributary meets the main river. In some cases, confluences can be very clear if the nature of the water in the two meeting rivers differs, like the confluence in Brazil where the River Negro and the River Solimoes meet. This and other features of the drainage basin are summarised in Figure 2.
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Tip


Make sure you know what all the main characteristics of a drainage basin are. Try using flash cards to help you revise them regularly.
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Figure 1 The confluence of a river.
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Figure 2 A generalised drainage basin.





The amount of water within a single drainage basin can vary, as it has inputs (from precipitation) and outputs (from evapotranspiration). Therefore this is an open system.
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Figure 3 A simple open system of the drainage basin.
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Inputs


Precipitation


Flows from store to store


Surface runoff


Soil (unsaturated)


Ground (saturated)


River channel


Outputs


Evapotranspiration


River discharge
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What are the components of a drainage basin, and how do they relate to one another?



Water enters the drainage basin system as precipitation. This may be in any form, such as snow or rain. Most drainage basins have some vegetation. The precipitation may be caught on the leaves of plants. This is called interception. Generally, it is greatest in summer as this is when deciduous plants have leaves.


From the surface of the plant, the water may evaporate back into the air, or flow down the stem of the plant to reach the ground. At this point the water has moved from the store in the vegetation to be part of the surface storage. If conditions are right, it will then seep into the soil. This process is called infiltration. Soil normally has small pockets of air called pores, which allow the water to get into it. Once in the soil, gravity will pull the water downwards and it will move down through the soil as throughflow, until it reaches the water table, where all the pores in the soil, or rock, are already full of water, so it cannot move any further downwards. Instead it now flows laterally (sideways) into the nearest river as groundwater flow.


Any water that hits an impermeable surface, with no pores, such as tarmac, cannot infiltrate the soil below. It simply flows over the surface as surface runoff (also called overland flow) into the nearest river.


Although some precipitation can fall directly into the river, most water reaches a river by a combination of surface runoff, throughflow and groundwater flow. It takes water the longest time after falling to reach the river by groundwater flow, since it has had to flow through so many stores to get to the river channel.


Water may leave the drainage basin through the river by going out to seas, lakes or oceans. The rest is either stored within the basin or may be evaporated from the ground, vegetation or soil. Plants respire some of the soil moisture out through their leaves, a process called transpiration.
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Figure 4 The drainage basin system.
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Activities





1  Draw an unlabelled diagram of a drainage basin. Swap with a partner and see if they can fill in the missing labels.



2  After researching river sources, name three types of river source.



3  Describe the process of infiltration and suggest two factors which might influence the rate of infiltration.



4  Name and describe the slowest transfer process of water into a river.



5  Explain why rivers are more likely to flood after a long period of rainfall.
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Changes along the long profile of a river
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By the end of this section you will:





•  understand how gradient, depth, width, discharge and load change along the long profile of a river and its valley.
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What changes take place along the long profile of a river?


Rivers can be divided into upper, middle and lower courses. To investigate how a river can change downstream, it is possible to examine a local river like the Glendun River in County Antrim. The location of this river is shown in Figure 16 on page 18.
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Figure 5 The typical long profile of a river.
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Expected characteristics


Narrow channel


Shallow channel


Vertical erosion


Hydraulic action, abrasion and attrition


Transport of load by saltation, some traction at high flow


Large sized, angular load.


Channel widens due to lateral erosion


Less hydraulic action


All methods of transport can be seen, but suspension is most common


Erosion and deposition seen on meanders


Load becomes smaller and more rounded.


Channel is deepest and widest


Some lateral erosion


Deposition more common than erosion


Load moved mostly by suspension


Load is now small in size mostly sand, silt and clay.


Cross section
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The Bradshaw Model is another way of showing how a river’s characteristics change upstream and downstream, given natural conditions. The wider the triangle, the more there is of that particular item. So, for example, the depth of the river channel is typically widest and deepest downstream, in the lower course, towards the mouth of the river. Of course, not all rivers follow these models.
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Figure 6 The Bradshaw Model.
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Activities





1  State two river characteristics that typically increase downstream.



2  State two river characteristics that typically get smaller downstream.
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Skills activity


Using a labelled diagram, describe the general characteristics of the lower course of a river.
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How do a river’s gradient, depth, width, discharge and load change?



Measuring the Glendun River


Various fluvial (river) characteristics are measured at regular points (every 1 km) along the Glendun River. This type of sampling is called systematic sampling and it allows the investigation of continuous changes as distance increases from the source of the river.
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Figure 7 Measurements being taken on the Glendun River.





A group of pupils investigated this river. Figure 8 shows what the students measured.


Gradient


Gradient is a measure of the slope of the land. On a steep slope the gradient is high and on flat land the gradient is low. A river’s gradient is measured using a clinometer and ranging poles over a set stretch of the river, such as 5 or 10 metres. Ranging poles mark out the stretch of river. The clinometer is placed against the height mark on the upstream pole and the angle is observed to the equivalent height mark on the downstream pole.
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Figure 8 Aspects of a river that can be measured.





Depth


This is measured using a metre stick. The stick is lowered into the water every 10 cm, and the distance from the top of the water to the river bed gives the depth of water. An average of all these readings is taken.


Width


This is measured by placing one end of a measuring tape at one side of the river channel, then pulling it out to the other side of the channel. The distance is the width of the river.


Discharge


Discharge is the amount of water passing any point in a river in a certain time, normally given as cubic metres of water per second (cumecs). It is calculated by multiplying the cross-sectional area of a river channel at a certain point by the speed (velocity) of the river at the same point.


The cross-sectional area is obtained by multiplying the width of the river by the average depth. The speed (velocity) of the river is recorded using a flow metre that when dipped into the river gives a digital reading of the speed of flow in metres per second.


Load


The load of a river is the material it is carrying, ranging from small sediment to large boulders. Load can be dissolved in the river water (solute load), be carried within the river water (suspended load) or lie on the bed of the river (bedload). It is very hard to measure the size of the load in suspension or solution, so, instead, we can concentrate on the load lying on the channel bed – called bed load. This load is measured for size and roundedness. By measuring the longest axis of 15 random samples at each point an idea of the size of the load is obtained. Each stone is then given a rating for roundedness.



Results of measuring the Glendun River



To help see the overall trends, here is a selection of results obtained from the Glendun river.




Table 1 Results of measuring the Glendun River.






	 

	Upper course (Station 1: 1.5 km from source)

	Middle course (Station 3)

	Lower course (Station 6: 16.5 km from source)






	Width (m)

	2.7

	10.4

	14.2






	Depth (m)

	0.14

	0.33

	0.46






	Discharge (cumecs)

	0.08

	0.2

	5.1






	Load – long axis (cm)

	26

	12

	7






	Load – roundedness

	angular

	sub-angular

	rounded










Read pages 13–14 about erosion, transportation and deposition to help you interpret these results and understand the explanations below.


Going downstream from source to mouth, the Glendun River gets wider. At Station 6 (16.5 km from the source) the river is just over five times the width it is at Station 1, only 1.5 km from the source.


The river gets deeper. At the station in the lower course the river is 32 cm deeper than it is in the upper course. This can be explained by the fact that there is more lateral erosion and vertical erosion occurring downstream from the source.


The wider and deeper river channel size downstream relates well to the pattern of increasing discharge. Because discharge is calculated by multiplying the cross-sectional area of the channel by the river’s velocity, then it follows logically that as the cross-sectional area increases, so does the discharge. The river is receiving additional water from the tributaries that are entering it at regular intervals within the Glendun valley: these will also cause the discharge to be greater downstream. In the upper course, by contrast, very few tributaries have contributed to the flow. Finally, the velocity of the river is also greater in the lower course as the water flowing in the river channel does not have to overcome as much friction as that in the upper course, which has angular rocks and a shallow channel.


Most of the weathering of bare rock happens in mountain areas, where it is exposed. This material can then fall down the steep valley sides into the upper course of the river. It is still very angular, as the results show. As it moves downstream it hits the sides of the river bed, and also other rocks that make up the load. This knocks the sharp edges off the material, smoothing its sides and making it rounded. The load of the river, therefore, is noticeably more angular in the upper course, but becomes rounded in the lower course – even on a relatively short river such as the Glendun.
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Activities





1  Using graph paper or a computer, draw graphs to show how discharge and load size change along the long profile of the Glendun River.



2  Analyse how discharge and load size change by describing your graphs.



3  Interpret why discharge and load size change by explaining the river processes that have caused the changes.



4  Suggest suitable health and safety measures a group should take when doing a river study.
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2 River processes and landforms



River processes
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By the end of this section you will:





•  understand how rivers erode, transport and deposit material.
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How does erosion work?


All rivers contain minerals and solid material: this is known as the ‘load’ of the river. When rivers have a large load made up of coarse materials these scrape or rub against the channel bed, eventually lowering the level of the bed, to create steep valley sides. This is called vertical (downward) erosion.


In sections of the river channel where the river is flowing particularly fast, the water has enough energy to wash away part of the bank of the river. This can lead to undercutting and collapse. As this is a sideways motion, it is called lateral erosion.


There are four main types of erosion:
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Attrition is the collision of rock fragments (suspended in water) against one another. Rock particles are broken into smaller pieces and become smoother as the process continues.
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Hydraulic action is a form of mechanical weathering that is caused by the force of moving water. It can undermine riverbanks on the outside of a meander or force air into cracks within exposed rock in waterfalls such as Niagara (see Figure 11).
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Abrasion or corrasion is the grinding of rock fragments, carried by a river, against the bed and banks of that river. This action causes the river channel to widen and deepen. This grinding is most powerful during a flood, when large fragments of rock are carried along the river bed.
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Solution or corrosion is the process by which river water chemically reacts with soluble minerals in rocks and dissolves them.
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How does transportation work?


Weathered material falling into a river from the valley sides forms 90 per cent of the river’s load. The remaining 10 per cent is the result of erosion caused by the river on its own banks and bed.


Rivers move their load through transportation in four ways as shown in Figure 9 (solution, saltation, suspension and traction).
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Figure 9 Methods that a river uses to move its load.
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Solution - soluble minerals dissolve in the water and are carried in solution. This is a chemical change affecting rocks such as limestone and chalk, and may result in discoloured water. For example, the rivers of the Mournes often appear yellow/brown as they are stained from iron coming off the surrounding peat bog.


Suspension - the smallest load, like fine sand and clay, is held up continually within the river water. This makes the water appear opaque. Some rivers carry huge quantities of suspended material.


Direction of flow


Saltation - the bouncing of medium-sized load, like small pebbles and stones, along the river bed.


Traction - the rolling of large rocks along the river bed. This requires a lot of energy. Load carried in this way is called bed load. The largest bed load will only be moved like this in times of severe flood.
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How does deposition work?
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Tip


Try using a mnemonic or a rhyme to help you remember all the different types of erosion and transportation.
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When the velocity of the river is reduced, the energy of the water decreases, and so the water can no longer erode or transport material. Instead, the load is dropped, starting with the largest (and heaviest) particles. This process is called deposition.


Conditions when deposition is likely to occur are shown in Figure 10.


It is the combination of erosion, transportation and deposition that creates the general landforms seen along a river channel.
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Figure 10 Conditions that are likely to result in deposition.
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Deposition likely if


River enters a lake or the sea, slowing its flow


There is an area of shallow water, slowing the river flow


The river floods on to its floodplain, where it flows very slowly


The load is increased suddenly, for example, after a landslide
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Activities





1  Make double-sided flash cards to explain the ways a river carries out the following processes. Use these with a partner in class to see if you can remember them all.







    a erosion


    b transportation








2  Explain why deposition is more likely to happen when the velocity (speed) of a river slows.



3  State three differences in the conditions of a river that lead to erosion or deposition occurring.
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Figure 11 Niagara Falls.






River landforms





[image: ]


By the end of this section you will:





•  understand how waterfalls, meanders and slip-off slopes form.
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Waterfalls


Within the drainage basin, waterfalls are generally found in the upper course of a river. This is near the river’s source area where the landscape is still quite mountainous.
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Figure 12 Landscape features in a drainage basin.





Waterfalls form where there are alternating layers of hard rock and soft rock. As the river passes over the exposed, less resistant soft rock on a river bed, it is able to erode it at a faster rate than the harder rock, so a step in the river bed develops. The force of hydraulic action and abrasion deepens this step until a waterfall is formed. Eventually, erosion makes a deep pool under the waterfall, called a plunge pool, and the hard rock will begin to hang over this pool. When it becomes too unstable, the hard rock overhang will collapse and the waterfall will retreat backwards, leaving a gorge.


One of the most famous waterfalls is Niagara, where hard limestone lies over softer shale (see Figure 11 on page 14).
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Figure 13 Formation of a waterfall (cross-section).






Meanders



Meanders are bends that develop in a river channel as the gradient (slope) of the river evens out. They are continuously-changing features that are the result of differences in the velocity of the water in the river across its channel. Where water flows fastest in the channel it spirals downwards, causing vertical erosion, deepening the river channel and creating a river cliff on the bank. Opposite this, water flows very slowly and does not have enough energy to erode the bank. This slowly-flowing water cannot hold up the load it is carrying, so deposits the heaviest material first, then the next heaviest, and so on, until only the smallest clay particles may be left in suspension. This leads to a lop-sided cross-section through a meander, as shown in Figure 14. Over time, this area builds up to create a clear slip-off slope.
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Figure 14 Plan and cross-section of a meander.





In the middle and lower courses of a river, meanders are constantly being formed and reformed. The bends can get bigger and sometimes they can even be cut off altogether – this is how an ox-bow lake is formed.


Floodplains and levees


When a river overflows its banks the velocity, and therefore energy, of the water quickly decreases: the river must deposit much of its load on to the floodplain. The largest load is deposited first. Over time, after repeated floods, layers of deposited material build up to form natural embankments called levees. During low flow, the river may deposit material on its bed as the amount of water in the river falls. This could result in the river drying up completely. If load is deposited on to the river bed, and not washed away later in the season, the river bed can be raised. In some cases the river may end up flowing above the level of the floodplain.


Levees can be artificially strengthened and raised to protect a floodplain from flooding.
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Activities





1  Draw a field sketch of Niagara Falls using Figure 11. Ensure you label it fully to explain how it formed.



2  On a blank diagram of a meander in cross-section, add the following labels: deep water, shallow water, erosion, deposition, slip-off slope, river cliff and point bar.



3  Write five statements to summarise the text on meanders.
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Identifying river landforms and land uses
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By the end of this section you will be able to:





•  interpret aerial photographs and OS maps to identify river landforms and land uses.
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How do aerial photographs help identify landforms?


Aerial photographs are photographs that have been taken from above, usually from a plane, a helicopter or a drone. They can be useful to examine large (macro) features of a landscape. If taken over a period of time, they can document landscape change, such as the formation of an ox-bow lake or land use change (such as regeneration) in cities.


To use aerial images properly they must have a clear title, a six-figure grid reference (or GIS map to show location) and direction of view. Normally such images are carefully labelled (annotated) to explain the notable features.
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Figure 15 Aerial photographs of the River Thames in London (above) and the Usumacinta river in Guatemala (right).
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Tip


You need to have basic map skills to cover this section. Look at the Ordnance Survey website to refresh them.
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Activities


Complete a field sketch of the aerial photograph of the Usumacinta river adding in labels for erosion, deposition, point bar and river cliff.
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How do Ordnance Survey (OS) maps help identify landforms?



River landforms can be seen on OS maps. If you are drawing a sketch map of a river from an OS map, the sketch should have a clear title, numbered grid squares and annotation to explain the notable features.


In Figure 16 you will see an OS map extract of the area around the Glendun River.
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Figure 16 The Glendun River, Co. Antrim (scale 1:50,000). Note: (1) shows the end of the upper course of the river and (2) shows the end of the middle course.






Using OS maps to identify river landforms and land uses
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Activities




  1  What evidence can you find on the Ordnance Survey (OS) map to support the view that tourists visit this area? State your evidence from the map, draw the relevant OS map symbols and give the six-figure grid references.


  2  Calculate the distance the river covers in its middle course. Give your answer in kilometres. (Tip: be sure to check the scale of this map. How many centimetres on the map represent a kilometre on the ground?)


  3  In the upper course of the Glendun River there is a waterfall. Give its four-figure grid reference.


  4  How would you describe the valley sides of the Glendun in grid square 1830? What is the evidence from the OS map to support your opinion?


  5  Why would much of the land in this area be of limited use to farmers? How could farmers make best use of the land?


  6  How would you describe Slieveanorra Forest?


  7  How would you describe the coastline south of Cushendun?


  8  Using the OS map extract on page 18 draw your own annotated sketch map to show the course of the Glendun River. Your map should show:







      a  the course of the Glendun River


      b  the Glendun valley


      c  major tributaries


      d  the upper, middle and lower courses of the river


      e  wide floodplain


      f  land over 300 m above sea level


      g  Slieveanorra Forest


      h  roads


      i  Knocknacarry and Cushendun


      j  a waterfall







  9  Devise a suitable key for your sketch map.



10  Give your sketch map an appropriate title.
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3 Sustainable management of rivers
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By the end of this section you will be able to:





•  understand the physical and human causes of flooding.
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What causes rivers to flood?


Rivers flood due to a mix of human (where human activity has changed the landscape) and physical (where changes have occurred naturally) factors. Flash floods are generally caused by sudden instances of heavy rainfall, which are typically associated with an extreme weather event such as a hurricane or tropical storm, or sometimes meltwater from ice.
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Figure 17 Physical and human causes of flooding.
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Physical causes of flooding


Heavy rainfall - especially thunderstorms


Excessive surface runoff


Flash flood


Prolonged rainfall as in a monsoon climate


Saturates the ground


Slow, long flood


Melting of a glacier or snow


Creates high river discharge in spring


Rivers overflow


Underlying rock is impermeable or clay soil


Ground is frozen


Reduces infiltration into the ground - meaning precipitation is more likely to be taken to the river as surface runoff


High risk area for regular flooding


Human causes of flooding


Deforestation


Less root support for soil


Less water used by plants


Big raindrops no longer broken up by leaves


Urbanisation


More tarmac and concrete creates impermeable surfaces


Narrowing a river channel, e.g. by building a bridge


River has a reduced capacity to hold water


Building of levees (embankments)


Provides short-term protection, but …


More surface runoff


More flooding
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Tip


You need to know which causes of flooding are physical and which are human, so create a jumbled-up list then sort them out. Either cut them out and move them around or try colour-coding them.
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Activities





1  Briefly explain why rivers flood, using the terms ‘physical’ and ‘human’ within your answer.



2  Describe two physical and two human causes of flooding in one area in the British Isles you have studied.
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CASE STUDY


Somerset Levels, 2014





•  The Somerset Levels is a low-lying region in the South West of England. As it has a naturally high water table and poor drainage it is an area prone to flooding. However, the winter of 2013–2014 saw it experience prolonged flooding which was described as the worst in over a century. Villages were cut off as roads became impassible and animals had to be moved from some of the 6880 hectares of flooded farmland.
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Figure 18 Map of Somerset showing the Levels and flooding, and a photo of the flooding.





Causes of the flooding


Physical causes





•  The combination of impermeable bed rock (the clay) and low interception levels (the grass) means that the area is naturally at risk of flooding. Southern England received 207mm of rainfall in January 2014 alone, this was more than twice the expected total for that month.



•  There was a series of severe winter storms in December and January in southern England during 2013–14. December 2013 was one of the stormiest Decembers on record, and one of the windiest months since January 1993 – figures released by the Met Office on 30 January indicated that southern England and parts of the Midlands had experienced their highest January rainfall since records began in 1910.



•  High tides cause floodwater to back up along the rivers across the Levels and Moors. This was exacerbated by the river levels being higher than usual because of the recent rains, and because they had not been dredged (see the human causes in the next column).





Human causes





•  The Rivers Tone and Parrett had not been dredged properly in 20 years, leaving farmland and homes without proper defence from the floods. This resulted in hectares of land being left underwater from the storms which began in December. Locals believe if the rivers had been dredged, this would have cleared them of silt, making them wider, deeper and easier to maintain. It would also have created more capacity to carry away flood waters, draining the floodplain far more quickly.



•  In addition, extra water was also sent into the Levels from Taunton and Bridgwater, as part of a scheme where water is pumped away from these areas to protect new homes built on former floodplains.





[image: ]







[image: ]


Weblink


Go to www.slideshare.net/juicygeography/flooding-on-the-somerset-levels to find out more about this topic.
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The impacts of flooding
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By the end of this section you will be able to:





•  recognise the impacts of flooding on people



•  recognise the impacts of flooding on the environment.





[image: ]





What are the impacts of flooding on people and the environment?


Impacts of flooding on people






	Positive impacts

	Negative impacts






	

Replenishes drinking water supplies, especially wells.


Provides sediment (other terms are silt or alluvium) that naturally fertilises the soils of the floodplain.


Countries such as Bangladesh and Egypt rely on floods to help crops like rice grow.


Can encourage innovative solutions in future building design, such as building houses on stilts to avoid floodwater, or tiling all ground floor walls and floors to facilitate easy clean-up after flooding.




	

Spreads waterborne diseases such as cholera.


People and animals can be made homeless or even drown.


Buildings and infrastructure (roads and railways) can be damaged or destroyed.


Crops grown on fertile floodplains can be washed away in a flash flood.


Can increase house insurance costs for householders, or even make it impossible for them to insure their home at all.
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Tip


Make sure you learn a balanced number of impacts on people and the environment.
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Impacts of flooding on the environment






	Positive impacts

	Negative impacts






	

Fish benefit as they can breed in the standing floodwater.


In dry areas, floods bring relief from drought, providing drinking water for wild animals.




	

Flooding can wash chemicals or sewage into the local rivers and so pollute them.


Wild animals may drown or lose their habitat during a flood.
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Figure 19 One of the impacts of flooding.
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Activities


Choose one of the following two statements and write an argument to support it. Use the table above to help you.





1  Allowing rivers to flood is important.



2  Stopping rivers from flooding is important.
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Methods used for managing rivers
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By the end of this section you will be able to:





•  recognise the difference between hard and soft flood management methods



•  understand how hard engineering methods work



•  understand how soft engineering methods work.
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What are the methods used for managing rivers and floods?


Flood management schemes aim to control rivers and reduce the risk of unwanted flooding. Planners can respond to flood hazards by changing the river through hard or soft engineering methods.


In Northern Ireland, the Department of Infrastructure looks after rivers through the Rivers Agency. The aim of the agency is to reduce the risk to life and property from flooding from rivers and the sea, and to manage rivers and the coast in a sustainable manner.


What are hard engineering methods?


Hard engineering methods often involve using large artificial structures to control the river, breaking its natural cycle of flood and subsidence. However, these measures are not sustainable in the long term. They may involve:





•  Building a dam or reservoir in the upper course, which can then be used for leisure and hydroelectricity, but can also flood farmland, displace local people and destroy habitats.



•  Deepening and widening the river channel in order to increase its cross-sectional area, allowing it to contain more water. Therefore the discharge has to be much greater to create a flood.



•  Straightening a river by cutting off the loop of a meander to speed up the flow of a river and therefore reduce flood risk.



•  Building high embankments along the sides of the river to contain any floodwater. This might be done by simply raising natural levees.



•  Building a flood wall along the course of a river where it flows through settlements. These flood walls are expensive and do not look natural, but they can be effective if they are maintained properly and built high enough.



•  Creating storage areas, which are a bit like temporary lakes. As rivers rise, extra water can be pumped or diverted into them, then emptied back into the main river when the risk of flooding is over.
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Figure 20 Spelga Dam in County Down.
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Tip


Find out about river management in your local area from the Rivers Agency website: www.infrastructure-ni.gov.uk/topics/rivers-and-flooding.
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What are soft engineering methods?



Soft engineering methods are generally sympathetic to the natural landscape, so they tend not to damage the river for future generations. They are more sustainable than hard engineering methods and may involve:





•  Planting trees (afforestation) in the upper course of the river in order to increase interception and reduce the risk of flash flooding. As trees absorb water from deep within the soil, this also reduces the flow of water to the river from soil moisture. This in turn reduces percolation and so also the water within the groundwater store.



•  Land use zoning – this is when areas most likely to be flooded are protected from urban development (see Figure 21). High-risk flood areas might be left as pasture for grazing while low-risk zones might become playing fields or parkland. Housing and important buildings like hospitals are only built on the land least at risk from flooding.



•  Washlands – these are parts of the river floodplain in the lower course into which the river can flood temporarily. They are a kind of flood storage area. Washlands can prevent the flooding of more valuable land further downstream.
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Figure 21 Floodplain zoning.
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Activities





1  For each flood control strategy write out five key words or phrases you would include when describing and explaining it, for example: dam, hard engineering, upper course, wall, reservoir, hydroelectricity.



2  Suggest why environmentalists are more in favour of soft engineering methods of flood control than hard engineering methods.
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CASE STUDY


The Mississippi River: management strategies
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By the end of this section you will be able to:





•  investigate a river outside the British Isles



•  evaluate the river management strategies used with this river.
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Why does the Mississippi River make a good case study?





•  The Mississippi River has one of the largest drainage basins in North America – it drains water from a third of the USA and part of Canada. It is located in the south-east of the USA. The river is important as a shipping channel, for recreation, as a supply of hydroelectric power and as a store of drinking water.



•  When it flooded in 2011, around 25,000 people were evacuated and the property damage costs were estimated at $3 billion.
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Figure 22 Aerial photo of the Mississippi.
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Figure 23 Map of the Mississippi.





What were the hard and soft management strategies in response to the flooding?






	Hard engineering methods

	Soft engineering methods






	



•  Raised levees – levees were raised to 15 m and strengthened to enclose the river channel for a stretch of 3,000 km.


•  Straightening the river channel – meanders were cut through over a stretch of 1,750 km, creating a fast-flowing straight river channel.


•  Dams – the flow of the main tributaries, e.g. Ohio River, has been controlled by 100 dams.







	



•  Afforestation in the upper course – trees have been planted in areas such as the Tennessee Valley to intercept some of the rainfall and stabilise the soil.


•  Safe flood zones – building has been restricted in many of the floodplain areas. Also, in areas like Rock Island, where housing had already been built on the floodplain, the housing has been bought by the county and demolished.


•  Washlands – in 2011, the Morganza Spillway was opened to flood around 12,000 km2 of farmland in Louisiana deliberately, preventing that water from reaching the city of New Orleans.













Is the Mississippi River being managed sustainably?





•  The Mississippi River is very important to the USA since 18 million people rely on it for their water supply. Therefore carefully co-ordinated management decisions need to be made as each decision in one state may affect millions of people’s water supply in another state.



•  Current hard engineering methods have proven to be neither totally effective nor sustainable. The river still floods, and indeed the dangerous flash-flood nature of recent floods has been partly blamed on the artificial levees failing. Also, as the river bed silts up alongside the levees, river beds rise and the floodplain ends up below the river level, e.g. in New Orleans, some areas are 4.3 m below the river level.



•  For current and future generations, the lack of silt reaching the land means that fertility of the soil is no longer being naturally completed during the deposition of alluvium in the floods. Eventually more and more artificial fertilisers will have to be added to the soil.



•  For wildlife, the draining of wetland and lack of silt to maintain the delta are destroying valuable habitats. In the last 75 years, Illinois, Indiana, Iowa, Missouri and Ohio have each lost more than 85 per cent of their wetlands. These wetlands worked like a giant sponge by absorbing rainwater and then releasing it slowly into nearby streams or the groundwater store.



•  The soft engineering strategy of afforestation has not been applied over a wide enough area and it takes too long for the trees to become large enough to make a noticeable difference to runoff for the current generation of Mississippi residents. Also, despite planning controls in some states, other states have been developing housing on floodplain land. For example, more homes and businesses have been built in the Mississippi floodplain in the St. Louis metropolitan area since the devastating flood of 1993 than in all the time before then.



•  The use of washlands should only be an emergency measure as they use up large areas of space near cities. The 2011 flooding showed there is a lack of such washlands, as in response to the emergency the Army Corps of Engineers took the decision to explode the levee at Birds Point to create a makeshift washland that destroyed dozens of farmsteads with their crops.



•  In conclusion, it seems that the management of the Mississippi is currently not sustainable, especially given the background of climate change that is causing higher-than-average rainfall levels in the drainage basin. Re-creating wetlands and re-activating floodplains in strategic locations will result in a more effective and sustainable flood protection system. US researchers have estimated that the restoration of 13 million acres (over 5 million hectares) of wetlands in the upper portion of the Mississippi-Missouri watershed, at a cost of $2–3 billion, would have absorbed enough floodwater to have stopped the 2011 flood – which cost $2 billion in damage.
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Tip


Remember that to manage a river sustainably, the needs of the present generation must be met without endangering the ability of future generations to meet their needs.
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Activities





1  Using Figure 23, describe the extent of the Mississippi river’s drainage basin.



2  Explain why controlling the Mississippi is important.



3  Create a table to summarise the main soft and hard engineering strategies used to control flooding of the Mississippi.



4  Evaluate the flood management strategies used on the Mississippi – ensure you use the word ‘sustainable’ within your answer.
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Tip


If you are asked to ‘evaluate’, make sure you include information on at least one soft and one hard engineering measure, then finish with a conclusion that makes a decision on the sustainability/effectiveness of the measures. Back up your decision with evidence.
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Sample examination questions
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Tip


You are being asked for a definition of a key geographical term.
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  1  State the meaning of the term ‘drainage basin’.


[2]


  2  Using Figure 1, describe the course of the River Severn.


[4]
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Figure 1 Drainage basin of the River Severn.






  3  Copy and complete the following table about changes along the long profile of a river. One has been completed for you.


[3]
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Table 1 Changes along the long profile of a river.







  4  Choose one of the river characteristics from Table 1 and explain why it changes.


[3]


  5  Name two stores within the drainage basin system.


[2]


  6  Name the process by which water moves horizontally through rock.


[1]

  7  Figure 2 shows deforestation. Explain how deforestation can influence the flows and stores of water in a drainage basin.


[4]
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Figure 2 Forestry reduces interception.






  8  Using Figure 3, describe the changes in bed load shape along the Glenarm River in Co. Antrim.


[4]
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Figure 3 Glenarm River bed load data.





  9  Name and describe two erosional processes carried out by a river.


[4]



10  Name and describe how a river transports large boulders.


[2]



11  Describe and explain the formation of a waterfall.


[6]



12  Using Figure 4 to help you, describe and explain the cross-section shape of a river meander.
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Figure 4 Cross profile of a meander.






13  Use the map extract in Figure 5 on page 32 and a key of OS symbols to help you answer the following questions.







    (i)   State the name of the building at GR797178.


[2]

    (ii)  Give the direction from Riversmead farm (804156) to Weir Green (791156).


[1]

    (iii) The black markings along the river (8016) are levees. Explain how these form naturally.


[5]


    (iv) Other than the existence of levees, state two pieces of evidence that this map shows part of the Severn’s floodplain.


[2]
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Figure 5 OS map of part of the west side of Gloucester.








14  Explain the causes of flooding for an area in the British Isles that you have studied.


[8]



15  Describe two flood control measures used on a river you have studied and evaluate their effectiveness.


[9]
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