Revision of
Coastal
Geomorphology

A determinant of environmental
conservation
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Spatial, temporal, people, waves and tides

Coastal fundamentals




Introduction

* 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 coastis a
product of many processes.

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

e The shape of a coastis a
product of many processes.
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Figure 1.2 — Definition of spatial and temporal scales involved in coastal evolution.
Large-scale coastal landforms operate over long time scales, whereas small-scale
coastal features respond over short time scales. [From Cowell and Thom, [994.]
[Copyright © 1994 Cambridge University Press, reproduced with permission.]
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Coastal Importance

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.



Coastal factors

e Geology e Climate

Atmosphere

Sedimentation

-

e Marine e Anthropogenic




Eustatic SL Change

SEA-LEVEL RISE

It has become clear over the past few
decades that global sea level s rising

atan accelerated rate. Figure 17.2
shows the change in global sea level
over the last 150 years reconstructed
by Church and White (2006) from an
extensive analysis of tide-gauge
records and satellite altimeter data.
The sea-level curve shows a modest
rate of rise of about 1 mm yr™ around
1850, increasing to about 3 mm yr™
at present.

The Intergovernmental Panel on
Climate Change (IPCC) has published
its Fourth Assessment Report (AR4)
which addresses at length the causes
and implications of the current and
future rise in sea level (IPCC, 20073,
2007b). Four main contributing factors
to the current sea-level rise have been
identified: (1) thermal expansion of the
ocean water due to an increase in the
water temperature; (2) melting of
mountain glaciers and ice caps;

(3) melting of Greenland ice sheets;
and (4) melting of Antarctic ice sheets.

These contributions have been qufafﬁ

fied and are listed in Table 171, For the
observed sea-level rise from 196110
2003 (1.8 mm yr~), the cumulative
effect of these four factors stileft
about 0.7 mm yr™' unexplained.
However,the use of more sophisticated
and comprehensive monitoring has
brought to light that melting of Green*
and and Antarcticice sheetshas
contributed considerably to the |
observed searlevel ise from 19930
200331 mmyr ), leavingonly
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Quaternary coastal morphology
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Figure 9.10

Waves travel because gravity pulls
the water in the crests downward.
Forced out from beneath the falling
crests, the falling water pushes the

~ former troughs upward, and the

wave moves to a new position, as in-
dicated. (Notice that the actual mo-
tion of the water itself beneath these
waves is circular or orbital, which
confirms our experience that we are
carried up and forward as the wave
approaches, and down and back as
it passes.)
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Figure 17.9 Motion of water particles under waves according to
linear wave theory.
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Shallow processes

a strong swash, much water
lost through percolation,
sand carried up the beach
and left to form a berm

relatively small, gentle
waves tend to ‘spill’ over

b some large material _ o
h|gh steep waves formlng a storm ;

eventually ‘plunge’ over

air caught in
a pocket
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Figure 1715 Quasi-steady currents in the surf zone: (a) shore-
parallel longshore currents due to obliquely incident waves,

(b) vertically segregated bed return flow or undertow and

(c) horizontally segregated rip currents as part of the nearshore
cell circulation system. (Source: after Masselink and Hughes, 2003)
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Linpets, Top Shls
Conniwinks, Nerile, Siphon Shadls

(Galeotaria, Chitons, Seaslars,

Shore Crabs, Balanus & Surl Bamacles

Red, Green and Brown Algae, Cunjevol, Sponges,
Urching, Holothurians, Worms, Whelks, Trilons & Turbans

Figure 17.18 Map showing amphidromes in the North Sea. The
dashed lines are lines of equal tidal range, whereas the solid lines
show how the tidal wave propagates in an anticlockwise direction
around the centre of the amphidrome. The numbers indicate
where the tide is at the same stage in the tidal cycle (in hours).
Along a line labelled 1", for example, the tide is one hour into the
tidal cycle. (Source: Masselink and Hughes, 2003)



Storm Surge
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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 g

** February 1953 in the North
Sea

* New York g

* What is the impact on coastal

conservation?

+ Habitat destruction and
creation

January February

€ 1717 (a) Graph showing the predicted (dashed line) tidal
vel and observed (solid line) water level at the Hook of
January to February, 1953. (b) Graph showing the

tide, which is attributed to storm surge, reached 3.3 m.
Ce: Masselink and Hughes, 2003)


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/
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** 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 <im, L approxioom,
T6-8 per min.)

Shingle beach moves material landwards

Sand moves material seawards
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Sediment budgets
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Figure 17.5 Qualitative examples of coastal sediment budgets. (a) Riverine sediment may be deposited into an estuarine embayme
which may also receive sediment from the seaward direction through tidal processes. (b) On a deltaic coast, riverine sediment

contributes to the coastal sediment budget, and is moved up the drift-aligned coast, giving rise to a beach-ridge plain. '~
(Source: adapted from Masselink and Hughes, 2003)



Processes and landforms

Erosion and deposition




EROSION

[ s,

combination ot wave attack  case of coa

slope processes (e.g. high groundwater lev 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)

[E] unenclosed saltmarsh
O Enclesed 18601580
O Enciosed 19101850
O Encioeed 18301810

LR T B Enciesed 18451850




Erosion

Hydraulic Action

the pores and cracks causing then
* 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., | 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




Erosion cont’d

\

* Wave Pounding

* The action of the waves hitting the cliff base and breaking
it up. (could be 30 tonnes per m? 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.
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http://www.bbc.co.uk/mediaselector/check/northernireland/landscapes/lev2_coastserosion?size=16x9&bgc=C0C0C0&nbram=1&bbram=1&nbwm=

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

Notch

abandoned
sandstone cliffs

present wave cut
platform covered in
pebbles and boulders

small cliff 2 m high

former high tide level
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Wave cut notch




_astack is an isolated
portion of the cliff

roof of arch becomes
joint or fault in too heavy to be supported

esistant rock and collapses

waves cut through head!and
to form an arch which is
continually wid t

stack is worn
away leaving
a stump

abrasion, pounding and
action of waves widens






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

*

*

*

CI IffS (80% world’s coasts Masselink, 2010)

\

—

Relative rates of sediment supply and removal
Rate is principally associated wititrock type & form

Erosional coasts

—

* Sloping shore platforms
* Sub-horizontal shore platforms Sunamura,

(1992)

* Plunging cliff
Processes

1.
2.

3.

Episodic Mass movement (slope processes)
Rock break-down (coastal erosion processes)
Marine rock removal (Marine processes)




Morphology

High-water

level
e Low-water

level

morphologies on
rocky coasts.

Erosional

features: e

a) Sloping shore e
platform

b) sub-horizontal
shore platform
c) plunging cliff

High-water level

(Sunamura, 1992; /Low-wat'rlevel

Masselink, 2008




Cliff fronted by naro bch

S——

Gravel barrier

Beach with sand dunes

—> Direction of longshore drift
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’ Figure 17.43 The north Norfolk coast is characterized by large littoral drift rates (up to 400 000 m? yr~") and rapidly eroding
soft cliffs (1-2 m yr ). Holding the line is not sustainable and the preferred management option for most of this coastline is

; managed realignment.
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DEPOSITIONAL
LANDFORMS

Beaches Queensland
Spits

Dunes

Saltmarsh

Bars and tombolos

Cuspate forelands (e.g. Dungeness) 2 LSD from opposite directions
meet to produces ridges at 90° 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?

* X X * * *



NORTH SEA

Danish-German-Dutch Wadden Environments, in E.A. Koster (editor). The Physical Geography of Western Europe. Oxf
- University Press, Oxford, 185-205. Copyright Oxford University Press. Reprinted by permission.)



