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AQA AS Geography

3 Coastal environments
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(a)
Constructive waves have relatively low energy (e.g. limited height and long wavelengths). They transfer sand and shingle onshore and build steep beaches. Destructive waves are more powerful and steeper (taller, with shorter wavelengths) than constructive waves. They move beach sediment offshore. Overall, their effect is to flatten beaches.


(b)
Shingle beaches are generally steeper than sand beaches because: (a) coarse particles (i.e. shingle) can stand at a steeper equilibrium angle than finer particles (i.e. sand); and (b) percolation on shingle beaches is greater than on sand beaches. The swash from breaking waves pushes shingle up the beach but the backwash has insufficient energy to drag particles back towards the shoreline. 
The resulting net landward movement of shingle creates steep beaches. On sand beaches, lower rates of percolation allow a stronger backwash, removing sediments seawards and thus lowering beach angles.


(c)
Salt marshes develop on lowland (low energy) coastlines. They comprise fine sediments such as silt and clay and have typically level surfaces, which slope gently seawards, and are criss-crossed with a dense network of drainage channels known as creeks. The marsh surfaces often support shallow depressions or salt pans and the low marsh usually ends abruptly in a shallow cliff around the low-water mark. Mature salt marshes have a zonation of vegetation related to local differences in salinity and the period of inundation on each tidal cycle. The distance inland from the low-water mark reduces salinity and inundation. As a result, there is a change in species composition, biodiversity and plant coverage. Pioneer species such as glasswort and cord grass which colonise the low marsh (mainly mudflats) are succeeded by more demanding species inland. Thus sea blight, sea plantain, sea lavender, sea aster and many other species dominate the high marsh.



Salt marshes are formed by the interaction of tidal currents and vegetation. Pioneer colonisers like glasswort and cord grass act as baffles, slowing tidal currents and promoting the deposition of silt. This sedimentation process gradually increases the height of the marsh, reducing salinity and the period of inundation on the tidal cycle. Other more demanding species now colonise the marsh, increasing rates of deposition and raising the marsh surface. In the final stage of development, a mature marsh supports shallow soils and only floods on the highest spring tides.


(d)
Low-lying coastal regions such as East Anglia and Holland are most vulnerable 
to coastal flooding. The worst floods of the 20th century in the UK and the Netherlands occurred these two regions between 31 January and 1 February 1953. The flooding resulted from a deep depression (low-pressure area) in the North Sea. The storm generated huge waves and caused a rise in the sea surface. Gale force, northerly winds created a storm surge in the southern North Sea (3–3.4 m high), which coincided with an exceptionally high tide. Flood defences in East Anglia and Holland were overwhelmed and others were destroyed. In east and southeast England 307 people died, 75,000 ha of farmland were flooded, and 24,000 homes were damaged. The impact of the storm was even more severe in Holland. There, 50 dykes collapsed, 135,000 ha of farmland were under water and 1,850 people lost their lives. 



On 2 May 2008, cyclone Nargis (a category 4 tropical storm) slammed into the Irrawaddy delta in Myanmar. Nargis generated sustained wind speeds which reached 210 km/h–1; and a storm surge of 3.5 m. This densely populated region was particularly vulnerable, being at sea level and lacking defences against storm surges. 



The storm surge killed an estimated 140,000 people, destroyed 450,000 homes and damaged 350,000 others. In the worst affected areas, 85% of homes were destroyed. Three-quarters of health facilities and 4,000 schools were either ruined or badly damaged. The cyclone caused severe damage to the delta’s rural economy and infrastructure. 600,000 ha of farmland were flooded, half of all livestock killed and food stocks, fishing boats and farm equipment were destroyed. Large areas of farmland were contaminated by salt water. By mid-June there were serious food shortages and rice production in Myanmar fell by 6% in 2008. The estimated cost of the disaster was US$10 billion.
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(a)
Coastal sediments are stored offshore in sandbanks, and onshore in beaches and dunes. Sediments are transferred between these stores by waves, tidal currents and winds. Constructive waves transport sediment from nearshore/offshore sandbanks to beaches; destructive waves erode beaches and transfer sediment in the opposite direction. Meanwhile, on-shore winds move sand from beaches to dune stores by saltation and creep. Offshore winds shift sand to beaches by the same transport processes.


(b)
Coastal dunes are accumulations of sand in the nearshore zone on lowland coasts. They develop from the onshore transport of sand by wind from beaches. Dunes are best developed where there is an abundant supply of sand (e.g. shallow offshore gradient and large expanses of sand exposed at low tide). Sand transport is mainly by saltation. However, vegetation is essential to dune formation. Species such as marram grass, which thrives in dry, exposed dune habitats, slow the movement of the wind and encourage sand accumulation. Burial of marram grass by sand stimulates new growth; as the plants grow upwards through the sand, they encourage further sand deposition and anchor the dunes.


(c)
Subaerial processes comprise weathering and mass movement. In addition to marine erosion, subaerial processes are active on coastal cliffs. Freeze-thaw weathering is effective on chalk cliffs, where the rock is well-jointed. Salt weathering is extremely active in coastal environments. Porous rocks (e.g. chalk, sandstone) absorb sea water; as salt crystals are precipitated within the rocks they cause surface rock disintegration (spalling, honeycombing). Solution of limestone and chalk by salt spray is unimportant due to the high pH value of seawater.



Mass movement is most apparent on softer rocks such as boulder clay and shale. A number of factors contribute to mass movement: steep slopes in the coastal zone; cliff collapse due to marine erosion; and loading of cliff material during periods of heavy rain. Slope failure often takes the form of mudslides and mudflows (e.g. Black Ven in Dorset, Ravenscar in North Yorkshire). Mass movements such as rockfalls and rockslides sometimes occur in more coherent rocks such as limestone and sandstone  (e.g. at Porthkerry, South Wales in November 2011). Rocks which are well-jointed and faulted are most susceptible to these kinds of mass movement.


(d)
Sea level change can be either absolute or relative. Absolute change is caused by either an increase or decrease in the volume of water in the oceans and results in a worldwide or eustatic rise or fall in sea level. Relative changes relate either to localised tectonic movements (e.g. earthquakes) or to isostatic change (e.g. unloading of ice from continental landmasses at the end of a glacial period).



Eustatic sea level rises (marine transgression) flood low-lying continental areas and are associated with a number of distinctive landforms. They include drowned lowland river mouths or estuaries, flooded river valleys or rias, and drowned glacial troughs (i.e. fjords). Rias are found where river valleys are deeply incised. In planform they have a branching structure due to the flooding of tributary valleys. Fjords are steep-sided and deep. They are found in high latitudes where glaciated mountain ranges meet the coast. Rising sea level also sweeps up sediments from continental shelf areas. These sediments are subsequently shaped by wave action into beaches (e.g. Chesil and Slapton Sands in southern England).



During inter-glacial periods, the melting of huge volumes of ice causes the continents to rebound. Along upland coasts this isostatic uplift creates raised beaches, backed by relict cliffs, several metres above contemporary sea level 
(e.g. in the Applecross peninsula, northwest Scotland).
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