
A determinant of environmental 

conservation 

 

Katsushika Hokusai 

Hokusai was a Japanese 

painter and printmaker from the 

1700's. 
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Spatial, temporal, people, waves and tides 



• Coasts are temporary structures, 
often subject to rapid change. 

• The location of a coast depends 
on tectonic activity and the level 
of water in the ocean. 

• The shape of a coast is a 
product of many processes. 

• Human interference in coastal 
processes rarely increases the 
long-term stability of a coast. 

• The shape of a coast is a 
product of many processes. 

 



 



• Arguably the most intensely used of all habitats 

• Arguably the largest biodiversity gradient on the planet 

• 40% of the global pop. Live within 100km  

• The CCSR (2006) report predicted that between 1995 and 2025 there will be a 
global 35% increase in population living within 60 miles of the sea which will be 
more than 75% of the total global population (Edgren, 1993). 

• Changing population is not distributed equally due to the topography and 
proximity to the sea (Carter, 1988; Small and Nicholls, 2003)  

• This dynamic coastal demography makes policy research crucial due to its 
impacts (Leatherman, 2001) on increased consumption of water, energy, 
production of waste and coastal infrastructure (Benoit and Comeau, 2005).   

• Sea level rise (approx. 3mm/yr), delicate historical and ecological inheritance 
makes policy considerations particularly challenging (House & Phillips, 2011). 

• Intergovernmental Panel on Climate Change (IPCC) coasts and climate change 
(Masselink, 2011) 

• List the physical factors that influence the interface between terrestrial and 
marine environments. 
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• Wind energy (Except Tsunamis) due to friction  

• Waves from distant storm- Swell 

• Waves from wind in juxtaposition -sea waves 

• Deep water waves 

• Swell linked to fetch 



• Velocity C (crest movement in 

time generally max. 6m) 

• Height H 

• Period  Between successive 

Waves) T 

 

• Length (dist. Successive crests) L 

• Energy E (Mean 11 tonnes per 

m2) 

• Steepness H/L (Cannot exceed 

1:7 = 0.14) 



• Deep water: Orbital/sinusoidal symmetrical 

• Shallow water: Elliptical (asymmetrical) imp. sediment 

 



• Intermediate depth waves 

• Shoaling Waves (change height in shallow water, e.g. sandbanks) 

• Refraction (floor contours)=change in wave direction=crest aligns parallel to bottom 

contours which reduces the wave angle.  Complexity = variations in height & energy on the coast 



• Breaking 

• Plunge line (depth and height approx. equal) 

• Swash up the beach Generally more imp. Therefore maintaining the gradient  

• Backwash down 

• Wave types 

1. Spilling (Constructive) (Diagram a) 

2. Surging (Constructive)  

 From swell, low H (<1m),  

 long wave length L (100m),  

 Long period (T6-8 minute 

3. Plunging (Destructive) (Diagram b)  

 High H (> 1m),  

 Shorter wave length L (20m),  

 Short Period T 10-14 per minute 

• Type can be predicted by Iribarren number (Battjes, 1974) 

• Based on gradient & deep water conditions 



• These currents have large scale movement of sediment 

(100,000 m 3 yr-1) 

• Longshore (wind direction, wave angle, refraction, coastal 

orientation = net longshore transport)) 

• Cross shore (up and down beach are very important in beach 

erosion) 

• Undertow average flow near the bed offshore (circulation) 

• Rip are strong narrow that flow seawards (max 2m/sec) 

stronger at low tide 

 



• Complicated(12.5 
hours lunar component 
12 hour solar) 

• Tidal range (What is it 
for Swansea? Is this 
significant? Why?) 

• Twice daily 

• Micro <2m 

• Meso 2-4m 

• Macro >4m 

• Spring 

• Neap (moon around 
earth 28 days 
therefore neap to neap 
14 days) 



• Amphidromes (tidal systems due 
to topography) 

• Tides travel around amp. As a 
wave. 

• Tidal range low at centre of amp. 
High on edge. 

• 3 in the North Sea  

• Coriolis Clockwise in southern 
hemp.  Anticlock. North 

• Tidal currents (ebb and flood 
vary in strength and duration 

• Inter tidal zone.  Is it important 
for conservation? Why? 

 



• Higher sea level than expected 
high tide (5m) 

• Why? 

• Low pressure (1cm rise for every 
1 millibar fall)  

• Coastal topography (funnel e.g. 
Bay of Bengal) 

• Onshore winds 

• Hurricane  

• February 1953 in the North 
Sea 

• New York  

• What is the impact on coastal 
conservation? 

• Habitat destruction and creation 

http://oceantoday.noaa.gov/hurricanestormsurge/welcome.html
http://video.msnbc.msn.com/rock-center/49652885


• Displacement of a body of water (Masselink, 2008) 

• Submarine earthquake (2004 Sumatra 100,000 dead, habitat 

destruction) 

• Landslide into the ocean (Krakatau, 1883 36,000, habitats changed and 

gave opportunity for recovery) 

• Impulse from meteorite impact (geological evidence of mega-tsumami 

(Bryant, 2001) 

• Open ocean: long wavelength (100s km) and height <1m but 

typically speeds of 700km hour in depths of 5km 

• Continental shelf: shoal and reduce wavelength, increase height 

• Shore: tens of metres in height, devastation in a short period of 

time 

 

 

 

http://video.nationalgeographic.com/video/environment/environment-natural-disasters/tsunamis/tsunami-101/


• Sorted by energy differentiation of wave action 

• Beach gradient normally relative to sediment size (large=steep, 

sand=shallow) 

• Rate of percolation reduces backwash = steepness 

• Forms a berm at spring HT strandline. 

• Storm beach at the back of large material.  Any examples? 

 

Reduction in 

particle size 

Large pebbles Shingle Small shingle/Sand 

Storm beach some 
vegetation, stable 

Berm Spring HT Neap intertidal zone 



• 4 main factors in beach systems 

• Tide 

• Sediment (size) 

• Wave period (T)  

• Wave height 

 



• Described between: wide & flat to narrow & steep 

• Wave dominated or tide dominated 

• Sand Wet sand reduces percolation 
• Therefore limited energy loss (most of the energy returns in backwash 

• Creates a longshore  bar at low tide mark (hence waves break further from 
the shore=energy dissipation)  How could beach nourishment help coastal 
communities? 

• If sand dries in prevailing/strong winds sand dunes form beyond backshore 

• Dynamics between waves, sediment and beach profiles.  Generally: 
• Destructive waves move material seawards (plunging/surfing) (H >1m, L 

approx 20m, T 10-14 per min.) 

• Constructive move material landwards (surging/spilling) (H <1m, L  
approx100m, T6-8 per min.) 

• Shingle beach moves material landwards 

• Sand moves material seawards 

 

Dynamic 

Equilibrium 



 



 



Processes and landforms 



• The loss of land or encroachment by the sea through a 

combination of wave attack and, in the case of coastal cliffs, 

slope processes (e.g. high groundwater levels). This may include 

cliff instability, where coastal processes result in the periodic 

reactivation of landslide systems or promote rock falls.  (DEFRA 

2004) 

• 70% of sandy coastlines are eroding (Bird, 1985)  

 

 



• Hydraulic Action 

• The waves hitting the cliffs apply pressure to the air in the cracks and pores 

within the rocks. This causes an increase in pressure in the pores and cracks 

causing them to implode.  

• Abrasion/ Corrasion 

• Various sediment grades (LOAD) are used by the sea as a tool, the sediment 

is hurled at the base of the cliff by the sea, breaking off other sections of 

rock.  (Esp. Exposed coasts) 

• Attrition 

• Sediments colliding progressively reduce in size 

• Corrosion 

• This occurs within granular rock, for example  

• The sandstone at Black Gang Chine., I of Wight. With the rise and fall 

of the tide the salt within the sea water crystallises within the pores and 

breaks the rock apart from the inside.  

• Chemical reaction e.g. Carbonic acid in L/S coasts 

• Also secretion from blue/green algae 
 

 



• Wave Pounding 

• The action of the waves hitting the cliff base and breaking it 

up. (could be 30 tonnes per m2 and seawalls may need 

replacing every 25yrs (Waugh, 2009) 

• Sub-aerial 

• From above, water, freeze thaw  etc.  Leads to slope processes 

• Anthropogenic 

• Especially influences rate and cost but the processes are the same. 

 



• Proximity of breaking point of the wave 

• Wave steepness 

• Beach width 

• Rock type and structure (layering, dip 
and joints)  
• (Volcanic ash can have 40m/yr rate of 

erosion (Surtsey before lava cap), glacial 
deposits 1m/yr, Granite 0.001m/yr) 

• Beach material: amount, size and 
location 

• Fetch, sea depth and coastal 
morphology 

• Anthropogenic developments on the 
coast means erosion is a problem 
(Phillips, 2000)  

Younger LRR 

Mainly 

Sedimentary 

Older more 

resistant rock 

Often 

igneous 

http://www.bbc.co.uk/mediaselector/check/northernireland/landscapes/lev2_coastserosion?size=16x9&bgc=C0C0C0&nbram=1&bbram=1&nbwm=


• Headlands & bays 

• Wave cut notch 

• Caves and geos 

• Blowholes  

• Arches,  stacks and stumps  

• Wave Cut Platforms (<40)  

Plummer et al, 1985 

http://www.bbc.co.uk/northernireland/landscapes/lev2_coasts_headlands_script.shtml
http://www.bbc.co.uk/northernireland/landscapes/lev2_coasts_erosion_script.shtml


 



 Wave cut notch 

 Wave cut platform 

 



 



 

Wave cut platform at Kilve Beach 

near to East Quantoxhead, Somerset, Great Britain 

 

http://www.nicholsonprints.com/PhotoPagesBig/AU65.htm


• Relative rates of sediment supply and removal 

• Rate is principally associated with rock type & form 

• Erosional coasts 

• Sloping shore platforms 

• Sub-horizontal shore platforms  Sunamura, (1992) 

• Plunging cliff 

• Processes 

1. Episodic Mass movement (slope processes) 

2. Rock break-down (coastal erosion processes) 

3. Marine rock removal (Marine processes) 



• Major 

morphologies on 

rocky coasts.  

Erosional features:  

a)  Sloping shore 

platform  

b) sub-horizontal 

shore platform 

c)  plunging cliff  

(Sunamura, 1992; 

Masselink, 2008)  

 



 The rear of the houses at 

Beach Road, Happisburgh.   



 The rear of the houses at 

Beach Road, Happisburgh.   







• Beaches 

• Spits 

• Dunes 

• Saltmarsh 

• Bars and tombolos 

• Cuspate forelands (e.g. Dungeness) 2 LSD from opposite 
directions meet to produces ridges at 90o to each other 

• Barrier beaches and islands 

• How do these depositional features influence habitat management? 

• Why is it important to study coastal processes for habitat management? 

• What maybe the influence of SL rise?  

Queensland 

 



 



Wave, tide and fluvial dominated coasts 



• Why Classify? 

• How can we classify coasts? 

• What are the implications? 

• Is it important for integrated 

management? 

 

• Construct a coastal 

classification based on your 

knowledge. 

 



Boyd et al (from 

Masselink) 



• Classification used for policy development 

• What are they based/not based on? 



 



Valentin 



• Sediment is linked by 

sediment transport 

pathways 

 

 Sediment 
transport 

Beach 

Shoreface 

Barriers 

dunes 



• Barrier islands with shallow coastal 
lagoons (e.g. Netherlands) 

• Swash aligned  
• Closed to LSD 

• Long term stability 

• Seasonal change 

• Drift aligned (e.g.spits) 
• LSD Spits 

• Sensitive to change (esp. Sediment 
supply) (Masselink & Hughes, 2003) 

• Transgressive (refer to next slide) 
• Migrate landwards due to rising SL 

• Neg- sediment budget 

• Lagoon VG for conservation 

• Regressive 

• Migrate seaward due to receding 
SL /pos+sediment budgets 

• Landward sediments are 
deposited. 

• Aolian deposits 

 

Swash aligned beach 

Waves 

Drift aligned 

Waves 



 



• Beaches 
• Concave ( with micro features) 

• Underwater beach called the shoreface 

• Self organisation 

• Berm Protects (steep in gravel beaches) 

• Beaches respond to changing wave conditions e.g. Seasonal profiles 

 





•In recent decades our understanding significantly 

improved with the use of video monitoring 



• High onshore winds 

• Supply of sand 

• Protection buffer 

• CZM 

• Dune development 
• Shadow dunes 

• Pioneer rhizome plants 

• Pyramidal 

• Embryo dune 

• Fore / 

• Stable dune 

• Dune slacks (wet/dry) 

• Blow out 

• Ecological gradient in cross profile 

• Plant /animal interaction 

 

• Sand dunes Professor Simon Haslett 4 mins 

 

 

• Denmark 2013 

http://www.youtube.com/watch?v=OiAs1-VCsXs
http://www.youtube.com/watch?v=OiAs1-VCsXs
http://www.youtube.com/watch?v=OiAs1-VCsXs


• Estuarine 

• Main tide 
dominated 
landform 

• Fluvial & coastal 
processes 

• Formed through 
post glacial SL 
rise 

• 3 zones 

• Inner  

• Central 

• outer 

 

 

Unique energy, 

sediment, morphology 

and ecology 



Major ecological 

considerations in 

relation to estuary 

type and processes 

associated with them 



• Salt and freshwater 

• Ecologically important 

• Density differences 

• Types 

• Stratified (Halocline: Fresh on 

top of salt) Micro tidal/river 

discharge 

• Partially mixed (meso tidal) 

• Mixed (meso/macro tides) 

Large rivers coriolis = 

horizontal separation 



• Salt marsh 
• temperate 

• Mangrove 
• Tropical 

• Both have distinct 
ecological 
zonation 
• Salt tolerant 

pioneer species 

• Sedimentation 
means that they 
have a ‘natural’ 
resilience to SL 
rise 

 

 



• Deltas 

• Sediment from rivers is > 

than the erosion from 

coastal processes 

• Large rivers (only 6 in 

Europe) 

• Very imp. For ecological 

and demographics 

 





Distributaries 

Human influence 



• Coastal processes and habitat management 

• Coastal management and conservation 

• SL rise and conservation 
















