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Factors affecting

c0a5ts

TERRESTRIAL:

tectonics
(plate movement and volcanic

activity)

georogy
(rock type and structure)

weathering

deposition

biotic features
(e.9. mangroves)

VLďxv*s

Waves are cleated by the transfer of energy from
the wind blowing over the surface of the sea. (An

HUMAN:
buildings
pollution

tourism and recreation
sea defences
conservatlon

global warming

coAsrs

MARINE:

waves and tsunamis

tides

salt spray

biotic features
(e.g. coral)

'A recent estimote of the co(lstline of Englttnd and Wales

is 27 50 miles and it is very rare to /ind the same kind of
coastal scenery for more than 10 to 15 miles together.'

J.A. steeřs, Ihe Coostlíne of England and Wales, 1960

'I clo not know whcrt I may appear to the world; but to

rnysetf I seem to have been only a boy playing on the sea-

shore, and diverting myself in now and then flnding a

smoother pebble or a prettier shell than orclinary, while the

great ocean of truth lay all uttcliscoverecl before rne.'

lsaac Newton, P hil osoph iae N atural is

Pri n ci p ia Mathe motica, 1 687

The coast is a narrow zone where the land and
the sea overlap and directly interact' Its devel-
opment is affected by terrestrial, atmospheric,
marine and human processes (Figure 6.1) and
their interrelationships. The coast is the most
varied and lapidly changing of all landforms
and ecosYstems.

exception to this definition is those waves -
tsunamis - that lesult from submarine shock
\vaves generate<l by earthquake or volcanic
activity.) As the strength of the wind increases, so

too does frictional drag and the size of the wavet,

Waves that result Írom local winds and tlavel on]r'

short distances are known as sea, whereas those

waves formed by distant storms and travelling
large distances are referred to as swell.

The energy acquired by waves depends upon

three factors: the wind velocity, the period of

time during which the wind has blown, and the

tength of the fetch. 'l'he fetch is the maximum

distance of open \,/ater over which the wind can

blow, and so places with the gÍeatest fetch pote

tially receive the highest-energy waves. Parts oť

south-\ /est England are exposed to the Atlantic

Ocean and when the south-westerly winds blotr

it is possible that some \ /aves may have orlgi-

nated several thousand kilometres away. The

Thames estuaÍy, by comparison, has less open

water between it and the Continent and conse'

quently receives lower-energy waves.

ATMOSPHERIC:

g ravrty

sorar energy

climate
(temperatu re, precipitation, winds,

glaciations)
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1&ťmvg t*nrn!nmlogxr
The crest and the trough are respectively the
highest and lowest points of a wave (Figure 6.2).

Wave height (ř1) is the distance between the
crest and the trough. The height has to be esti-
mated when in deep water. Wave height rarely
exceeds 6 m although freak waves of 15 m have
been reported by offshore oil-rigs, and 25 m by
a wave-tracking satellite. Such waves can be a
serious hazard to sh ipping.

Wave period (T) is the time taken for a wave
to travel through one \ /ave length. This can be
timed either by counting the number of crests
per minute or by timing 11 waves and dividing
by 10 - i.e. the number of intervals.

Wave length (l) is the distance between
two successive crests. It can be determined
by the formula:

L = I.56 Tz

Wave velocity (C) is the speed of movement
of a crest in a given period of time.

Wave steepness (H + l) is the ratio of the
wave height to the wave length. This ratio cannot
exceed l:7 (O.14') because at that point the wave
will break. Steepness determines whether waves
will build up or degrade beaches. Most waves have
a steepness of between 0.005 and 0.05.

The energy (E) of a wave in deep water is
expressed by the formula:

É * (is proportionaI Iol LH2

This means that even a slight increase in wave
height can generate large increases in energy. It is
estimated that the average pressure of a wave in
u/inter is 11 tonnes per m2, but this may be three
times greateÍ during a Stolm _ it is little wonder
that undel such conditions sea defences may

be destroyed and that \ /ave power is a potentiai
source of renewabie energy (page 54i).

Swell is characterised by waves of low height,
gentle steepness, long wave length and a long
period. Sea, with opposite charactelistics, usually
has higher-energy \ /aves.

V!řgw*s fm ďe*p vtř*f#r
Deep water is when the depth of water is greater
than one-quarter of the wave length:

tD = >!)
4

The drag of the wind over the sea surface causes
water and floating objects to move in an orbital
motion (Figure 6.3). Waves are surface fea-

tures (submerged submarines are unaffected
by stolms) and therefore the sizes of the orbits
decrease rapidly with depth. Any floating obiect
in the sea has a small net horizontal movement
but a much larger vertical motion.

t'ilfgr*r*s *ffi s$? *ří* !,tť llif# ftrť
As waves approach shallow water, i.e. when their
depth is less than one-quarter of the wave length,

I
\D = <Ť)

friction with the seabed increases. As the base of
the wave begins to slow down, the circular oscil-
lation becomes more elliptical (Figule 6.4). As
the water depth continues to decrease, so does
fh e rnra rze I en ofh

Meanwhile the height and steepness of the
wave increase until the upper part spills or plunges
over. The point at which the wave breaks is known
as the plunge line. The body of foaming water
which then rushes up the beach is called the
swash, whi1e any watel letuÍning down to the sea

is the backwash.

crest 2

I

crest l

I wave length (L)

1
wave height (H)
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+

trough
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Figure 6.3

]\4ovement oÍ a n

object in deep water:

the diagrams show

the circular motle

ment ofa ball or piece

ofdrií"twood through

five íage5 in the

passage of one wave

lenqth (crest 1 to crest

2); although the ball

moves vertically up

and down and the

wave moves forward

horizontally, there is

very little horizontal

movement ofthe ball

until the wave breaks;

the movement is

orbital and the size

oÍthe orbit decreases

with depth

Íigure 6.4

Why a wave breaks
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Where waves approach an irregular coastline,
they arc lefracted, i.e. they bccome lncreasingly
parallel to the coastline. This is best illustlated
whelc a headland separates two bays (figute 6.5).

As each wave crest nears the coast, it tends tcl

drag irr tlre shallow Watel neaÍ to a headland, ot.

indeed any shallow watel, so that the portion of
the crest in dceper.Ý\.ateť moves forward while
that in shallow n'ater is rctaldecl (by frictional

clrag), car,rsing the wave to bend. The orthogo-

nals (lines dr awn at right-angles to wave clestsl

in Figure 6.5 represent fout stages in thc advanct

of a partlcular wave crest. It is apparent trom

the convergence of lines S1, 52, S:l and 54 that

wave energv becoures concentratcd upon, and

so accentuates elosion at, the headland.'l'he
diagrarn also shou,s the formation of longshotc
(littoral) currcnts, which carry sediment aua!

frorn the headland.
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ligure 6.5

Wave refraction at a

headland

-+
bay

low-energy
WAVES

(paths of crests
diverge)

waves in deeper
water do not lose
velocity as rapidly
and are lower and
less steep than
those off the
headland

zone in which
waves affect
the seabed

orthogonals

longshore (littoral)
current5

(lower beach: often
under 5")

intertidalor
su rf zo ne

sand

5r 5z 51 5+ four stages marklng positions
of an advancing wave crest bay

)_

)_

beyond the
influence of
the waves

low-energy
WAVES

(paths of crests
diverge) )-

wave approaches irregular coastline

Beacl-ies may be clivided into thlee sections -
backshore (upper), foreshore (lor'r'cl) and near-
shore - based on the influencc of wavcs (Figure
6.6). A beach for:ms a buffel zone bct\^/cen the
vl.at'es and the coast' If the beach přovcs to be
an effective buffer', it will dissipate wavc cnergy
withotrt experiencing any net change itself.
Because it is colnposed of loose material, a beach
can rapidly aclapt its shape to changes in vr,ave

energy. It is, thelefore, in dynamic equilibrium
with its envilonrnent (Framework 3, page'15).

Beach plofiles fall between t\,ro extremes: those
that alc wicle anc1 le1ative1y Í1at; and those that are
narro\'v and stccp. The graclient of natural beaches
is dependent upon thc intcrrelationship betlr,een
tnro rnain variables:

+ offshore +< nearshore -.- foreshore .+l+ backshore +

Sl

high-energy waves
(paths of crests converge)

depth of water decreases, waves 32

get higher and steeper, velocity
decreases, shorter wave length

Sr

n Wave energy f ielcl studies har,'c shotvrr ;r close
relationship betlr,een the plofile of a beach ancl
the action of two types of r'r,ave: constructir,'e
ancl destrLlctive (page 1.14). Horvet'cr', the effect
of il'avc stcepness on beach pr:ofilcs is compli-
cated by the second variable.

n Particle sizc There is also, clue to diffcrcnces
in the relativc dissipation of r'r,ave energ)r, a

clistinct relationship between beach slope and
particle size. 'l'his relationship is partly clue
to grain size anci partly to pclcolation lates,
both of 'lr,hich are gleatcr on shingle Lreaches
than on sancl (pages 145-146). Consecluently,
shingle beaches are stecpclthan sand
beaches (ligure 6.6).

tigure 6.ó

Wave zones and beach morphology

(after King, 1 980)

(upper beach:
usually 1 0" 20')

usually above the
influence ofthe waves

breakpoint bar: zone
of breaking waves

\ 

headand 

,/

maximum spring tides



Figure 6,7

(onstructive and

destructive waves

Typ*x *ťwmw*
It is widely accepted that thcre are two extreme
wave types that affect the shapc of a beach.
However, whereas the extreme types have, in the
past, been labelled constructive and destructive
(Figure 6.7, and Andlew Goudie The Ncrture of the

EnvirorLment), it is now becoming more usual to
use the terms high energy and low energy (Figure
6.B, and John ])ethick Án Inťroductiott to Coctstrtl

Geomorpholctgy). Note that'high-energy waves' and
'iow-energy waves' are nof synonymous terms for
'constructive waves' and'destructive waves'.

ť*ms ťre;ařgy* ď$?ď ď€s ťrag*ď"í{ťe M/# y€s
r Constructive waves often form where the

fetch distance is long. They are usually small
(or low) waves/ flat in folm and with a long
wave length (up to 100 m) and a low fre-
quency (a wave period of 6 to t3 per minute).
On approaching a beach, the wave front
steepens relatively slowly until the wave gently
'spills'over (Figure 6.7a). As the resultant
swash moves up the beach, it rapidly loses
volume and energy due to watcl percolating
through the beach material. The lcsult is that
the backwash, despite the addltion of gravity,
is wcak and has insufficient energy either tct

transport sediment back down the beach or tcr

impcde the swash fiom the following wave.
Conscquently sand and shingle is slowl,v, but

a constructive (flat) waves

relatively flat and gentle waves

constantly, rnoved up the beach. This will
gradually inclease the gradient of the beach

and leads to the for.mation of berms at its c|ťl:

(Figures 6.9 and 6.10) and, especialll, on sanLil

beaches, ridges and runnels (F-igure 6.6).

I Destructive \^/aves are more cornmon wheLe

the fetch distance is shorter. They are often lagi

(or high) lvaves/ steep in form and wíth a shor1

wave length (perhaps only 20 m) and a high fre

quency (10 to 14 per minute).'l'hese wavcs, on

approaching a beach, steepen rapidll' untilthr
'plunge'over (f igure 6.7b). The near-vertical

breaking of the wave creates a powerful back.

wash which can move considerable amountsoi

sediment down the beach and, at the same tirnť

reduce the effect of the swash trom the follou'ni

wave. Althorlgh some shingle may be throu,nLrp

above the high-water mark by very large I'vavu

forming a storm beach, most nraterial is nlor'ď

downwards to form a longshore (breakpoint)

bar (Figures 6.6 and 6.7b).

ffr6řx -*r*er$řy w#b"#s xn ď ť* mr. *o"*ergy
ldťsW€$
Rece nt opinion appeals to suppoÍt the rlicu.th.rt

beach shape is more dependent on, and linkcd

to, u/ave energy. '['he colrclation betw-een the hrL

typcs of wave energy and beach profile is given

in figure 6.8.

strong swash:much water is

lost through percolation;
sand is carried up the beach
and forms a berm

/ \ berm

weak backwash: little material
is returned down the beach

b destructive (steep) waves

\r.uller, 
longshor"

(breakpoint) bar

weak swash

<^mé |áfné m'tériAI

forming a storm beach -|
/

/
/

/

Iiylé Water Iost

Éíá6!rofit" ..nííb;íhpr ďr,É.--.

high, steep waves

larger Iongshore
(breakpoint) bar

a'/

gÍadient decreases
down beach

,Through percolation,
/ most of material

carried down beach

by backwash
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tigure 6,8

l,1igh-energy and

l0W eneÍgy WaVe5

(ďťe|.l. Pethi(k)

riW1e6,e

5torm beaches and

berms:berms mark

the limits of

sLt((esSlvely l0wer

high tides

Produced by distant storms

LaÍge

Long (up to 1 00 m)

High and short

Move quickly and so lose little energy

SPilling

Long

Flat and wide

W*rtic$e *ix*
This factor complicates the influence of wave

steepness on the morphology of a beach' The

fact that shingle beaches have a steeper gradient

than sandy beaches is due mainly to differences

in percolation rates resulting from differences in

particle size - i.e. water will pass through coarse-

grained shingle more rapldly than through fine-

grained sand (Figure 8.2).

Short

Short (perhaPs onlY 20 m)

Low and flat

Move les quickly and so lose more energy

Surginq

Shorter

5teeper and nanower

sfu'rrepďc fugmc&*s
Shingle may make up the whole, or iust the

upper part, of the beach and, like sand, it will
have been sorted by wave action' Usually, the

larger thc size of the shingle, the steepel the

graclient of the beach, i.e. the graclicnt is in dilect
proportion to shingle sizc. This is an intercsttng

hypothesis to test by experiment in the field

(Framework 10, Page 299).

Regardless of whether waves on shingle

beaches aÍe ConstÍuctive or destructivc, most of

the swash rapidly percolates clownwards Ieaving

limited surface backwash. This, together with the

loss of energy resulting from friction caused b1'

the uneven surface of the shingle (compare this

with the effects of bed roughness of a stream,

page 70), nleans that under nortnal conditions,

very little shingle is moved back down the beach

Indeed, the strong swash will probably transport

material up the beach forming a berm at the

spling high-tide level. Above the berm there is

often a storm beach, composed of even bigger

boulclers thrown there by the iargest of waves,

while below may be several smaller ridges, each

marking the height of the successively lower

high ticles which follow the maximum spring

tide (Figures 6.9 and 6.10).

5outce

Fetch distance

Wave length

Wave height

Speed of wave movement

Type of breaker

Dissipation distance

Beach shaPe

5 + 1 - high tide after the spring high tide

S + 2 = second high tide after the spring high tide

5+3 =third high tide after spring high tide 
storm beach

Íig,we6'10

Berms and storm

beaches ln north-east

Anglesey, Wales
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Figure ó.1 l
(auses oftides

$***# {;*cp*Ér*s
Sand usualiy produces beachcs with a gentle
gradient. This is because the small particle size
allows the sand to becomc compact r'r'hen wet,
severely rcstricting the rate of percolation.
Percolation is also hindered by the storage of
water in pore spaces in sand which enables rnost
of thc swash from both constructive and destruc-
tive waves to letuÍn as backwash. Relatively
little energy is lost by fiiction (sand prcsents a

smoother surface than shingle) so material will
be carriecl clown the beach. The material will
build up to form a longshore bar at thc 1ow-

tide mark (Figure 6.6). This will cause waves
to break further from the shore, giving them a

wider beach over which to clissipate their energy.
The lower parts of sand beaches are sometimes
crossed by shore-parallel ridges and runnels
(Figule 6.6).'l'he ridges may be broken by chan-
nels which drain the runnels at low tide.

The 1nterrelationship bctween ÝVave enelgy/
beach material and beach plofiles may be sum-
marised by the following generalisations which
r efer to net movcments:
I Destructive \,/aves carry material down the

beach.
I Constructive waves caily material up the

beach.
r Material is calried upwards on shingle beaches.
I Material is calried downr,r,arcls on sandy

beaches.

B Éff*s

The position at which waves brcak over the beach,
and their range, are determincd by the state of
the tide. It has already been seen that the levels
of high tides vary (berms ale formed at progres-
sively lower levels following spring high tides;
Figr,rre 6.9). Tldes are controlled by gravitational
effects, rnainly of the moon but partly of the sun,
together with the rotatlon of the Earth and, more
locally, the geomorphology of sea basins.

'['he moon has the greatest influence.
Although its mass is much smaller than that of
the sun, this is more than compensated for by its
closer proximity to the Earth. The moon attracts,
or pulls, water to the side of the Earth nearest
to lt. This creates a bulge or high tide (Figure
6.11a), with a complementary bulge on the
opposite side of the Earth. This bulge is
compensated for by the intervening at eas where
water is repelled and which expetience a low
tide. As the moon orbits the Earth, the high tides
follow it.

the gravitationat pull of the moon

low tide

g ravitational
attraction

low tide

b spring tides maximum tidal
range

c neap tides moon

minimum tidal
'. ranqe

(not drawn to scale)

A lunar month (the time it takes the moon to
orbit the Earth) is 29 days and the tidal cycle
(the tirnc between two successive high tides) is
12 hours and 25 minutes, giving two high tides,
near enough, per day. The sun, with its smallel
gravitational attraction, is the cause of the dif-
felence in tidal range rather than of the tides
themselves. Once every 1'1l15 ciays (i.e. twice in a

lunar month), the moon and sun are in alignment
on the same side of the Earth (Figr-rre 6.11b). The
increase in gravitatlonal attraction generates the
spring tide which produccs the highest high tide,
the lowest low tidc ancl the maximum tidal range.

Midway between the spring tides are the neap
tides, which occur when thc sun, Earth and moon
form a right-angle, with the Earth at the apex
(Figure 6.11c). As thc sun's attraction partly coun-
terbalances that of the moon/ the tidal range is at
a minlmum with the lowest of high tides and the
highest of low tides (Figure 6.12). Spring anci neap
tides vary by approximately 20 per cent above and
below the mean high-tide and low-tide levels.

So far, we have seen how tides might change
on a unifolm or totally sea-covered Earth. In
practice, the tides may differ considerably from
the above scenario due to such factols as: the
Earth's rotation (and the effect of the Coliolis
force, page 224); the distribution of land masses;

and the size, depth and configuration of ocean
and sea basins.

hiqh
tide
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fiSule 6,12

Tidal cycles during

the lunar month

tigure 6.1 3

Tidal range and

difference in times

ďhightideinthe
North Sea

N

o

Ú
Aberdeen

. ?-T. -. ticlal range in meLres

3-
;-ď8 co-tida| |ines: the position oíthe high
yYř tide wave at each hour in the tida| cyc|e;
5ť 6! amphidromic point Iies at centre

fn. -orpt ofogy of tfr. ,..0.0'".0 .""r,,r".
affects tidal lange. ln the example of the North
Sea, as the tidal wave tr avels south it moves into an
area where both the width and the depth of the sea
decrease. This results in a rapid accumulation, or
funnelling, of \ /ater to give an increasingly highel
tidal range - the range at Dover is several metres

greatel than in nofthern Scotland (figure 6.1i3).
Estualies where incoming ticles are forced into
rapidly narrowing valleys also have considerable
tidal ranges, e.g. the Severn estuary udth
1 3 m, the Rance (Br ittany) with 1 1.6 rn and the
llay of Fundy (Canada) with .l 

5 m. It is due to these
extreme tidal ranges that the Rance has the world's
tirst tídal powel station, while the Bay of Fundy
and the Severn have, respectively, expelirnental
and proposed schemes íor eIectricily 8ene|a-
tion (page 542). Extreme narrowing of estuaries
can concentrate the tidal rise so rapidly that an
advancing wall of watel or tidal bore, may tlavel
upriver, e.g. the Rivers Severn and Amazon. In con-
trast, srnall enclosed seas have only minimal tidal
ranges, e.g. the Meditellanean with 0.01 m.

sf*x"gpt ${óť#es
Storm surges are rapid rises in sea-level crausecl
by íntense areas of low pressure, i.e. depressions
(page 230) and tropical cyclones (page 235). For
cvery drop in air: ple ssure of 10 mb (.page 221),
sea-level can rise 10 cm. ln tropical cyclones,
plessule can fall by 100 mb causíng the sea-level
to rise by 1 m. Areas at greatest risk are those
\ /here sea basins become narro\ver and more
shallow (e.g. southern North Sea and the Bay
of Bengal) and where tlopical cyclones rnove
flom the sea and cross low-lying areas (e.g.
Bangladesh and Florida). When these storms
coincide with hunicane-force winds and
high tides, the surge can be topped by waves
reaching 8 m in height. Where such events
occur in densely populated areas, they pose a

major natural hazard as they can cause con-
siderable 1oss of ]ife and damage to plopeÍty
(Places 19 and 31, page 238).

new
moon

sr:riío ,'fu

iiO"i **.*#" Earth
\ lsgjs

half
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neap tides
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řigure 6.14

Ihe North Sea

storm surge oí
1 February 1 953

WTheNorthSeaandtheBayofBengal:stormsurges
Bay of Bengal

9ó'

qqb

The south of Ba ngladesh includes many flat islands

formed by deposition from the Rivers Ganges and
Brahmaputra.This delta region is idealfor rice growing
and is home to an estimated 40 million oeoole.
However, during the autumn, tropical cyclones
(tropical low pressure storms) funnel water northwards
up the Bay of Bengal which becomes increasingly
narrower and shallower towards Bangladesh. The

water sometimes builds up into a surge which may

exceed 4 m in height and which may be capped by

waves reaching a further 4 m. The result can be a wall

of water which sweeos over the defenceless islands.

Three days after one such su rge in 1994,the Red Cross

suggested that over 40 000 people had probably

been drowned, many having been washed out to
sea (Places 31, page 238).The only survivors were
those who had climbed to the tops of oalm trees and

managed to cling on despite the 180 km/hr winds.The
Red Cross feared outbreaks of typhoid and cholera in

the area because fresh water had been contaminated.
Famine was a serious threat as the rice harvest had

been lost under the salty waters.

There is increasing international concern about the
possible effect of global warming on Bangladesh.
Estimates suggest that a I m rise in sea-level could
submerge 25 per cent ofthe country, affecting
over one-half of the present population (page I 69).

Because Bangladesh lacks the necessary capital and

technology, for the last three decades the World
Ban k has been hel ping in the construction of cyclone
early warning systems, providing flood shelters and

improving coastal defences. lt is partly because of
these precautions, and partly because recent storm

surges have not reached the peak heights of 1 990

and 1 991, that the death toll from flooding caused by

storm surges has decreased significantly. However, the

problem is likely to get worse in the near future due to

the rising sea-level caused by globalwarming, and the

lowering in height of the delta region resulting from

the extraction of groundwater for agricu ltu re.

\ooo

\ooA

North Sea, 31 January -
1 February 1953
A deep depression to the north of Scotland, instead
of following the usualtrackwhich would have taken
it over Scandinavia, turned southwards into the
North Sea (Figure 6.14). As air is forced to rise in a

depression (page 230), the reduced pressure tends
to raise the surface ofthe sea area underneath it. lf
pressure falls by 56 mb, as it did on this occasion, the
level of the sea may rise by up to 0.5 m.The galerforce

winds, travelling over the maximum fetch, produced

storm waves over 6 m high.This caused water to pile

up in the southern part ofthe North Sea.This event
coincided with spring tides and with rivers discharging
into the sea at flood levels.The result was a high tide,

excluding the extra height ofthe waves, ofover 2 m

in Lincolnshire,over2.5 m in theThames estuaryand
over 3 m in the Netherlands.The immediate result was

the drowning of 264 people in south-east England
and 1 835 people in the Netherlands.To prevent such

devastation by future surges, theThames Barrier and
the Dutch Delta Scheme have since been constructed.
Both schemes needed considerable capitaland
technology to implement.
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Waves breakinq on
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Subaerial According to J. Pethick, 'Cliff reces-
sion is primarily the result of mass failure.' Mass
failure may be caused by such non-maline proc-
esses as: rain falling directly onto the cliff face;
by throughflow oq under extreme conditions,
surface runoff of water fiom the land; and the
effects of weathering by the wind and frost.
These processes, individually or in combination,
can cause mass movement either as soil creep on
gentle slopes or as slumping and landslides on
steeper cliffs (Figure s 2.77 anď 2.I8).

Wave pounding Steep waves have consider-
able enelgy. When they break as they hit the foot
of cliffs or sea walls, they may generate shock-
waves of up to 30 tonnes per m2. Some sea walls
in parts of eastern England need replacing within
25 years of being bui1t, due to wave pounding
(Case Study 6).

Hydraulic pressure When a parcel of air is
trapped and compressed, either in a joint in a
cliff or between a breaking wave and a cliff, then
the resuitant increase in pressure may/ over a

period of time, weaken and break off pieces of
rock or damage sea defences.

Abrasion/corrasion This is the wearing
away of the cliffs by sand, shingle and boulders
hurled against them by the waves. It is the most
effective method of elosion and is most rapid on
coasts exposed to stolm r /aves.

Attrition Rocks and boulders already eroded
from the cliffs are broken down into smaller and
more rounded particles.

Corrosion/solution This includes the
dissolving of limestones by carbonic acid in
sea \,/ater (compare Figure 2.8), and the evapora-
tion of salts to produce crystals which expand
as they form and cause the rock to disintegrate
(Figure 2.2). Salt from sea il/ater or spray is
capable of conoding several rock types.

řactors afť*etinE th* rat* sf *rosiom
Breaking point of the wave A wave that bleaks
as it hits the foot of a cliff releases most energy and
causes maximum erosion. If the wave hits the cliff
befole it breaks, then much less energy is trans-
mitted, whereas a \,rave breaking further offshore

will have had its energy dissipated as it travelled
across the beach (Figure 6.15).

Wave steepness Highest-energy waves, asso-
ciated with longer fetch dlstances, have a high,
steep appearance. They have greater erosirre
power than low-energy waves, lvhich are gener-
ated where the fetch is shorter and have a lower
and flatter form (Figure 6.8).

Depth of sea, length and direction of fetch,
configuration of coastline A steeply shelving
beach creates higher and steeper waves than
one with a more gentle gradient. The longer the
fetch, the greater the time available for waves to
collect energy from the wind. The existence of
headlands with vertical cliffs tends to concen-
trate energy by wave refraction (page 142).

Supply of beach material Beaches, by
absorbing WaVe energý provide a major plotec-
tion against coastal erosion.

Beach morphology Beaches, by dissipating
\vave energy, act as a buffer between waves and
the land. As they receive high-energy inputs at a

rapid rate from steep waves, and low-energy inputs
at a slowel late from flat waves, they must adopt
a morphology (shape) to counteract the different
energy inputs. High, rapid energy inputs ale best
dissipated by wide, flat beaches which spread out
the oncoming \vave energy. In contrast, the lower-
energy inputs of flatter waves can easily be dis-
sipated by narlow, steep beaches which act rather
like a wall against which the waves flounder.
An exception is when steep waves break onto
a shingle beach. As energy is rapidly dissipated
through friction and percolation, then a wide, flat
beach profile is unnecessary (page 145).

Rock resistance, structure and dip The
strength of coastal rocks influences the rate of
erosion (Figure 6.16). In Britain, it is coastal
areas where glacial til1 was deposited that are

being worn back most rapidly (Places 20). When
Surtsey first arose out of the sea off the south-
west coast of Iceland in 1963 (Places 3, page 16),

it consisted of unconsolidated volcanic ash. It
was only when the ash was covered and pro-
tected by a lava flow the following yeal that the
island's survival was seemingly guaranteed.

Rocks that are well-jointed (Figure 8.1) or have
been subject to faulting have an increased vulner-
ability to erosion. The steepest cliffs are usually
where the rock's structure is horizontal or vertical
and the gentlest where the rock dips upwards away
fiom the sea. In the latter case, blocks may break
off and slide downwards (Figure 2. 1 7). Erosion
is also rapid where rocks of different Íesistance
overlie one anotheq e.g. chalk and Gault clay
in Kent.
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coastal Processes

Human activity The inclease in pressure
resulting from building on cliff tops and the
removal of beach material which may other-
wise have protected the base of the cliff both
contribute to more rapid coastal elosion.

Although rates of erosion may be reduced
locally by the construction of sea defences, such
defences often lead to increased rates of erosion
in adjacent areas. Human activity therefore has
the effect of disturbing the equilibrium of the
coast system (Case Stucty 6).

0.3

0.09

The coastline at Holderness is retreating by an

average of 1.8 m a year. Since Roman times, the
sea has encroached by nearly 3 km, and some 50
villages mentioned in the Domesday Book of
1 086 have disappeared.

The following extract was taken from a

management report,'Humber Estuary & Coast'
(1 994) prepared by Professor J.S. Pethick (then of
the University of Hull and now at the University of
Newcastle) for Humberside County Council.

'The soft glacial till cliffs of Holderness are eroding
at a rapid rate. The reasons for such erosion are,

howevel less to do with the soft sediment of the
cliff than with the lack of beach material and the
poorly developed nearshore zone [Figure 6.6].

Retreat of the cliff line here is matched by
progressive lowering of the seabed to give a wide
shallow platform stretching several kilometres
seaward. Eventually this platform will be so
extensive that most of the incident wave energy
will be expended here rather than at the cliff so that
erosion rates will decrease or even halt. Since this
may take several thousand years, it cannot form
part of any management plan for this coast - yet it

is important to recognise that the natural erosional
processes here are neither random nor pernicious.

The process of cliff retreat along the Holderness
coast is more complex than appears at first sight.
Mass fa ilu res of the cliff are triggered by wave action
at the cliff toe. Such failures may be 50 to 100 m
wide and up to 30 m deep giving a scalloped edge
to the cliff.The retreat rate varies temporarily; a

large failure may produce a 'l 0 m retreat in one year
but no further retreat will then occur for 3 or 4 years

- giving a periodicity of 4 or 5 years in total.This
means that attempts to measure erosion rates over
periods of less than 1 0 years, that is over 2 cycles,
can be extremely misleading, resulting in massive
over- or under-estimates of the long-term retreat
rate which is remarkably constant at 1.8 m per year

[Figure 6.17]. Three issues may be highlighted here.

The beaches of Holderness are thin veneers
covering the underlying glacial tills. The beaches
do not increase in volume since, south of
Hornsea, a balance exists between the input of
sand by erosion and the removal ofthe sand by
wave action, principally from the north-east,
which drives sands south.

The sediment balance on the Holderness coast
is maintained by the action oístorm waves
from the north-east.These waves approach
the coast obliquely, the angle between wave
crest and shore being critical for the sediment
transport rate. A clockwise movement would
increase the transport and erosion rate while an

anti-clockwise swing would decrease both of
these. Random changes in the orientation ofthe
shore are quickly eradicated by changes in the
sediment balance, but any permanent change
in the orientation ofthe coastline, such as that
caused by the introduction of hard sea defences
as at Hornsea, Mappleton and Withernsea,
means that the sediment balance is disturbed.
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Wa\/e-(ut notch at

(oromandel Peninsula,

New Zealand

r Hard defences lcase Study 6A] can have two
long-term effects: first, although erosion is

ha|ted at the defence itse|í severaI ki|ometres

to the north erosion continues as before.

This causes an anti-clockwise re-orientation
ofthe coast, sand transport is reduced and

sand accumulates immediately north of the
defences - as can be seen north of Hornsea.

Second, the accumuIation of sand north oí
the defences starves the beaches to the south

causing an increase in erosion there.The fine-
grained sediments from the Holderness cliff

and seabed erosion are not transported along
the beaches as are the sands and shingle but
are moved in suspension. Research is presently

under way which is intended to chart the

orecise movement of this material but it is

clear that its dominant movement is south

towards the Humber. A large proportion may

enter the estuary a nd become deposited there.
The remainder is moved south and east into

the North Sea where the transport pathway is

towards the Dutch and German coast.'

Xx"osiCIrt {amďťorms

H**d[ands and bays
These are most likely to be found in areas of alter-
nating Íesistant and less IesiStant rock. Initially,
the less resistant rock experiences most erosion
and develops into bays, leaving the more resistant
outcÍops as headlands. Later, the headlands
receive the highest-enefgy ÝVaves and so become
more vuinerable to erosion than the sheltered bays
(Figure 6.5). The latter now experience low-energy
breakers which allow sand to accumulate and so
help to protect that part of the coastline.

&brasi*rr sr w&ve-cut píatforms
Wave energy is at its maximum when a high,
steep \ /ave breaks at the foot of a cliff. This results
in undercutting of the cliff to form a wave-cut
notch (Figure 6.18). The continual undercutting
causes increased stress and tension in the cliff
until eventually it collapses. As these processes
are repeated, the cliff retreats leaving, at its base,

a gently sloping abrasion or \ /ave-cut platform
which has a slope angle of less than 4" (Figute 6.19).
The platform, which appears relatively even when
viewed from a distance, cuts across rocks regard-
less of their type and structure. A closer inspec-
tion of this inter-tidal feature usually reveals that
it is deeply dissected by abrasion, resulting from
material carried across it by tidal movements, and
corrosion. As the cliff continues to retreat, the
widening of the platform means that incoming
waves break further out to sea and have to travel
over a wider area of beach. This dissipates their
energy/ reduces the Íate of erosion of the head.
land, and limits the further extension of the
platform. It has been hypothesised that wave-cut
platforms cannot exceed 0.5 km in width.

Where there has been negative change in
sea-level (page 81), former \ /ave-cut platforms
remain as raised beaches above the pÍesent
influence of the sea (Figure 6.51).

ti9u1e6,'19

Abrasion or wave-cut

platform at Flamborough

Head, Yorkhire
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occasionally wat", rir", up a

vertical joint and is ejected
thÍough a b|owho|e

N wave-cut notches
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a stack is an isolated
portion of the cliff

joint or fault in
reslstant rock

: ,t roof of arch becomes too
ti, heavy to be supported
ri, and collapses

Waves cút thíough head|and to form an

arch Whičh is continua||y Widened at its ba5e

stack is worn away

N high tide N N leaving a stumP
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Íigure ó.20

The íormation of

caves, blowholes,

arches and íacks
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Where cliffs are ol.Íesistant rock, war'e action
attacks any line of weakness such as a ioint or a

fau1t. Sometimes the sea cuts inlancl, along a joint,
to form a narrow stecp-sided inlet called a geo,
or at other times it can under cut part of thc ciiff
to form a cave. Ás sh<lvr'n in Figute 6.20, cavcs
arc often enlargec1 b), scver.al cornbirred pťoccsses
of rnaline erosion. Erosion may be vertical, to
forrn blowholes, but is more typically backlr,ards

thlough a treaclland to form arches and stacks
(Figures 6.2O and 6.2I).

These landforms, which often plove to be

attractions to slghtseers and mountaineers/ can

be founcl at The Neecllcs (ls1e of Wight), Olct
Harry (near Swanage) and Flamborough Head
(Yorkshire, Figure 6.19), which are all cut intcr

chalk, and at The Old Man of Hoy (Orkneys)
which is Olcl Red Sandstone (Figure 8.12).

FiOule 6.21

lcelandic coastline
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As we have already seen, flat, constructive waves
tend to move sand and shingle up the beach,
whereas the net effect of steep, destructive waves
is to comb the material downwards.

ě-orxgs&*r* {řitt*rař} ďr$ft

Usually wave crests are not parallel to the shore,
but arrive at a slight angle. Only ralely do waves
approach a beach at right-angles. The wave angle is
determined by wind direction, the iocal configura-
tion of the coastline, and retraction at headlands
and in shallo\ / \ /ater. The oblique wave angle
creates a nealshole current known as longshore
(or littoral) drift which is capable of moving large
quantities of material in a down-dlift direction
(Figure 6.22). On many coasts, longshore drift is
predominantly in one direction; for example, on
the south coast of Engiand, where the maximum
fetch and prevailing wind are both from the south-
west, there is a predominantly eastward movement

wooden groynes slow
down movement and --\
widen the beach -'\

B second position C

of beach material. However, brief changes in wind

- and therefore wave - direction can cause the
movement of material to be reversed.

Of lessel importance, but more interesting and
easier to observe, is the movement of material
along the shore in a zrgzag pattern. 'l'his is because
when a wave breaks, the swash carries material
up the beach at the same angle as that at which
the wave approached the shore. As the swash dies
away, the backwash and any material carried by,

it returns straight down the beach, at light-angles
to the waterline, under the int-luence of gravity. If
beach material is carried a considelable distance, it
becomes smaller, more rounded and better sorted.

Where beach material is being iost through
longshore drift, the coastline in that locality
is likely to be woln back more quickly because
the buffering effect of the beach is lessened. To
counteract this process, wooden breakwaters
or groynes may be built (Figur e 6.23). Groynes
encourage the local accumulation of sand (impor-
tant in tourist resorts) but can result in a depletion
of material, and therefore an increase in erosion,
further along the coast (Case Study 64).

tigute ó.22

The effects of

longshore drift

A frrst position
of pebble

a'/,/
waves refracted
on approaching
shallow water

Iigure 6.23

The effect of groynes on longshore

drift, Southwold, Suffolk: this type

ďroastaI management is usuaIly

undertaken at holiday resorts

where sandy beaches are a major

t0uní attÍadl0n

cliffs protected by
, ;, accumulation of sand

r'l

r accumulation :. depletion
' of sand -_ of sand

\
third position

most material is driven
within the nearshore
zone by a steady current

waves approach beach at an angle, from a

direction similar to that of the prevailing wind
direction of longshore drift and 

,,,,,.,,.,........t,,
movement of beach material " -- "''

backwash carries material
directly down the beach
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A spit: Dawlish Warren

at the mouth oíthe
River Exe, Devon

tlsure 6,25

Stages in the formation

ofa spit
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Deposition oCcuťs whete the accumulation of
sand and shingle exceeds its depletion. This may
take place in sheltered areas ÝVith low-energy
waves or where rapid coastal erosion further
along the coast provides an abundant supply of
material. In terms of the coastal system, deposi-
tion takes place as inputs exceed outputs, and
the beach can be regarded as a store of erocled
material.

Sp$ts
Spits are long, narrow accumulations of sand
and/or shingle with one enci joined to the
mainland and the othel plojecting out to sea

or extending part \ /ay across a r iver estuary
(Figure 6.24). Whether a spit is mainly composed
of sand or shingle depends on the availabilitl,
of sediment and wave energy (pages 145-146).
Composite spits occur when the larger-sized
shingle is deposited before the finer sands.

In Figure 6.25, the line X Y marks the position
of the original coastline. At point A, because thc
prevailing wincls and maximum fetch are from
the south.west, mateťial is carried eastwards by
longshore drift. When the orientation of thc o1d

coastline began to change at B, some of the largeL

shingle and pebbles were deposited in the slacker
water in the lee of the headland. As the spit con-
tinuecl to gťow Stor.rn Waves threw some larger
matclial above thc high-watel mark (C), making
the featule more permanent; while, under normal
conditions, the finer sand was calried towards the

end of the spit at D. Many spits dcvelop a hookcd
or curved end. This may be for tr'r'o leasons: a

change in the prevailing wind to coincide with
the second-most-dominant \ /ave direction and
second-longest fetch, or wave refraction at the
end of the spit calrying some material into more
sheltered water.

Eventually the seaward side of the spit will
retreat, whilc longsholc drift continucs to
extend the feature eastwalds. A series of recurr,ed

ends may form (E) each tirne there is a series
of storms from the south-east giving a lengthy
period of altered r,r'ind direction. Having reached

its present-day position (l ), the spit is unlikely
to gÍo\^/ any furthet _ partly because the faster
culÍent of the t iver will cat ry material out to Sea

and partly because the depth of rnrater becomes
too great for the spit to build upwards above sea-

level. Meanwhile, the prevailing south-westerl,v
wind will pick up sand from the beach as it dries

out at low tide and carry it inland to form dunes
(G). The stability of the spit may be increased b,v

the anchoring qualities of marram grass. At the

same time, gentle, low-energy waves entering the

sheltered area behind the spit deposit fine sllt
and mud, creating an area of saltmarsh (H).

Figure 6.28 shows the location of some of
the larger spits around the coast of England and

Wales. How do these relate to the direction of the

maximum fetch and of thc prevailing ancl domi-

nant winds?
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A tornbolo is a beach that extencls outwards to

join r,vith an offshore island (Figurc 6'26)' Chesil

b.o.t-t, in l)orset, links tl're Isle of l'ortlancl to

the mainlancl. Some 30 km long and up to 1'tr m

high, it presents a gently smoothed face.to the

privailing wincls in the English Channel'

If a spit clerrelops in a baf into which no maior

liver flows, it rnay be able to build across that

bay, linking two hearllands, to fot'm a bar' Bars

stáighten coastlines and trap r'vatct.in lagoons orr

the ňndwarc1 sicle. Bars, such as that at Slapton

l.e,v, in I)evon (F igurc 6 '27 1 , may also result in

pláces where constructive waves lead to the land.

warcl rnigr ation of offshol'e, seabed material'

Banicr islands ale a series of sandy islands

totally detached from, but tunning almost parallel

to, the rnainland. Between the islands' which tlay

extencl for several hr-rndrecl kilometres' and the

rnainland is a tidal lagoon (liigure 6'29)' Although

rciatirrely tinconllnon in Britain, they are wiclc-

spreacl globall,v, accounting for 13 pel cent of the

world's coastlines. 1'hey arc easily lecognisable

on maps of the castetn USA (Places 21)' thc Gulf

of Mexiccl, the northeln Netherlancls' West Africa

and southcrn and western Ar"rstlalia' Although

tlreír orígin is unccr.tain, they tencl tcl c1eveiop on

coasts lr,,íh r.elatir,ely high-encrg,v waves and a lor,l'

tidal rar.rge. One theorv stlSgests that they formed'

below the lovl'ticle ntatk, as offshore bars of sand

and have movecl progressively lanclwards' An

aitetnative theory sugllests that rises in post-glacial

sca-level may have partlv sttbmerged older beach

ridges. In eitňelcase, the breirches between tlre

islňos seern likely tcl have been causecl Lly sttlt:m

\,raves.

Dawlish Warren spit Llandudno tombolo
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Barrier islands off North

Carolina, U5A, taken

from the Apollo space

craft (X - position of

Figure 6.30)

Figure 6,30

Barrier island on (ore Banks,

looking south (see X on

Figure 6.29 for location)

W Eastern and southern UsA: barrier islands

Barrier islands have a unique morphology, flora
and fauna.The smooth, straight, ocean edge is

characterised by wide, sandy beaches which slope
gently upwards to sand dunes which are anchored

by high grasses (Figure 6.30). Behind the dunes, the
'island'interior may contain shrubs and woods, deer

and snakes, insects and birds. The landward side is

punctuated by sheltered bays, quiet tidal lagoons,
saltmarshes and, towards the tropics, mangrove
swamps. These wetlands provide a natural habitat
for oysters, fish and birds. Although barrier islands
form the interface between the land and the ocean,

they seem fragile in comparison with the power
that the wind and sea brings to them. lt is virtually
impossible for a tropical storm or hurricane to
move ashore without first crossing either of the two

longest stretches of barrier islands in the world:
either that which extends for 2500 km from New
Jersey to the southern tip of Florida (Figure 6.29); or

the one stretching for 2100 km along the Gulf Coast

states to Mexico.

Barrier islands are subject to a process called'wash
over'.This process, which might occur up to 40 times

in some years, is when storm waves carry large
quantities of sand over the island from the seaward

face to the landward side.This results in the seaward

side being eroded and pushed backwards.The
landward marshes and mangrove swamps become
suffocated, and the tidal lagoons are narrowed.
From a human viewpoint. barrier islands form an

essential natural defence aqainst hurricanes and
thei r storm-force waves.
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A tfanse(t across

sand dunes, based on

fleldwork at l\,4orfa

Harlech, North Wales
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Sand dunes are a dynamic landform whose
equilibrium depends on the interrelationship
between mineral content (sand) and vegetation.

Longshore drift may deposit sand in the inter-
tidal zone. As the tide ebbs, the sand will dry out
allowing winds from the sea to move material up
the beach by saltation (page 183). This process is
most likely to occur when the prevailing winds
come fi'om the sea and where there is a iarge tidal
range which exposes large expanses of sand at
low tidc. Sand may become trapped by seaweed
and dliftwood on belms or at the point of the
highest spring tides. Plants begin to colonise
the area (Figure 1 1 . 10), stabilising the sand and
encouraging further accumulation. The regolith
has a high pH value due to calcium carbonate
from seashells.

Embryo dunes are the fiÍSt to develop
(Figure 6.31). They become stabilised by the
growth of lyme and marram gÍasses. As these
gÍasses tlap more sand, the dunes build up and,
due to the high rate of percolation, become
increasingly arid. Plants need either succulent
leaves to store urater (sand couch), ol thorn-
like leaves to reduce transpiration in the strong
winds (prickly saltwort), or 1ong tap-ÍootS to
reach the water table (marram grass). As more
sand accumulates, the embryo dunes join to

rrr+ dominantwind

form foredunes which can attain a height of 5 m
(Figures 6.31 and 6.32). Dr"re to a lack of hurnus,
theil colour gives them the name yellow dunes.
The dunes become inclcasingly grey as humus
and bacteria from plants and animals are added
and they gradually become more vegetation-
covered and acidic. These grey (mature) dunes
may reach a height of 10-30 m before the supply
of fiesh sand is cut otf by their increasing dis-
tance from the beach (Figure 11.11). There may
be several parallel ridges of old dunes (as at Morfa
Harlech, Figure 6.33), separated by low-lying,
damp slacks. Heath plants begin to dominate the
area as acidity, humus and moistule content all
increase (Figure 1 1.9). l)aths cut by humans and
animals expose areas of sand. As the wind funnels
along these tracks, blowouts may form in the
now wasting dunes. To combat further erosion
at Morfa Harlech, parts of the dunes have been
fenced off and marram grass has been planted
to try to re-stabilise the area and to prevent any
inland migration of the dunes.

The above idealised scheme can be inter-
rupted at any stage by storms or human use. If
the supply of sand is cut off, then new embryo
dunes cannot form and yellow dunes may be
degraded so that it is the oldel, grey dunes that
line the beach.

high-
tide
mark berm

!$'$,1Éď {t$x'";tr:''"'"'1 

)'-'j

Dune height (m)

Percentage ofexposed
sand

Humus and moisture
(ontent

pH

Plant types

80

very little humus, mixed salt

and fÍesh Water

over I

sand couch, lyme grass

20

some humus, very Iitt|e moiíure,
fresh water

slightly alkaline

manam, xerophytic species

B-10

less than 1 0

humus increases inland, water content stil I low,

fresh water

increasingly acid inland: pH 6.5-7

creeping fescue, sea spurge, some marram, cotton

grass, heather

6-B

over 40 on dunes

high humus, brackish

water in slacks

acid: pH 5-6

heather, gorse on dunes,

/unrus in slacks
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Where there is sheltered watelin IiVeI estuaÍies
or behind spits, silt ancl rnud will be deposited
either by the gently rising and falling tide or
by the rivcr', thus forming a zone of inter-tidal
mudflats. Initially, the area may only be uncov-
ercd by the sea for less than t hour in cvery
12-hour tidal cycie. Plants such as algae and
Salicornio can toleratc this lengthy submcrgence
and the high levels of salinity. 'l-hey are able to
trap more mud around thern, creating a sulface
that remains exposed for increasingly longel
periods between tides (Figure 6.34). Spartintr
glows throughout the year and since its intro-
duction into Britain has coloniscd, and become
dorninant in, many estuaries. The landward side

tigure 6.33

Morfa Harlech from Harlech

Cast|e showing íoredunes, grey or

waíing dunes, oId c|iff-line and,

in the diíance, sa|tmarsh

of thc inter-tidal muclflats is markcd by a small
cliff (Figr,rr e 11 .12), above which is the flat sward

zone. 'l'his zone may only be covered by the sea

for less than t houl in each tidal cycle (F'igure

6. 1 2). Seawater coilccts in hollows which become

increasingly saline as the watet evaporates.'fhe
hollows often enlargc into saltpans (Figure 11.13)

which are clevoid of vegetation except for certain

algae and the occasional halophyte (page 291). As

each ticle retrcats, water drains into creeks which

are then eroded rapidly both laterally and verti
cally (Figure 6.35).'t'he upper sward zone may
only be inundated by the highest of spring tides,

Íigurc 6.35

Llanrhidian saltmarsh showing the

sward zone, creeks and saltpan

Figule ó.32

Embryo and foredunes

at Moría Har|ech, North

Wales (refer also to

Figures 1 1.10and 1 1.1 1)

Figure 6,34

Llanrhidian saltmarsh,

Gower peninsula,5outh

Wales (refer a lso to Figures

11.13and11.14)
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A sample population

in reiation to the total

population

tilurl 6,37

A normaI diýribution

showing standard

deViation5 fÍom

the mean

total or parent

I population

\sample

population

Why sample?
Geographers are paÍt of a growing number of
people who find it increasingly useful and/or
necessa ry to use data to qua ntify the results of their
research.The problem with this trend is that the
amount of data may be very expensive, too time-
consuming, or just impracticable to collect - as it

would be, for example, to investigate everybody's
shopping patterns in a large city, to find the number
of stones on a spit, or to map the land use of all the
farms in Britain.

Sampling is the method used to make statistically
valid inferences when it is impossible to measure

the total population (Figure 6.36). lt is essential,

therefore, to find the most accurate and practical

method of obtaining a repÍesentative samp|e.
lf that samole can be made with the minimum of
bias, then statistically significant conclusions may

be drawn. However, even if every effort is made to
achieve precision, it must be remembered that any
sample can only be a close estimate.

Sampling basics
Most sampling procedures assume that the total
population has a normal distribution (Figure

4.'l 6a) which, when plotted on a graph, produces

a symmetrical curve on either side of the mean

value.This shows that a large proportion of the

values are close to the average, with few extremes.

Figure 6.37 shows a normal distribution curve and

the standard deviation (page 247) - the measure

of disoersion from the mean.Where most of the
values are clustered near to the mean. the standard

deviation is low.

The larger the sample, the more accurate it is

likely to be, and the more likely it is to resemble

the parent population; it is also more likely to

conform to the normal distribution curve. While the
generally accepted minimum size for a sample is 30,

there is no upper limit - although there is a point
beyond which the extra time and cost involved in
increasing the sample size do not give a significant
improvement in accuracy (an example of the law of
diminishing returns, page 462).

Figure 6.37 shows that, in a normal distribution,
68.27 per cent of the values in the sample occur
within a range of +1 standard deviations (SDs)

from the mean;95 per cent of the values fall within
+2 SDs; and 99 oer cent within +3 SDs. These
percentages are known as confidence limits, or
probability levels. Geographers usually accept
the 95 per cent probability level when sampling.
This means that they accept the chance that, in

5 cases out of every 100, the true mean will lie
outside 2 SDs to either side of their sample mean.

+2

I standard deviation
lr

I

standard deviation

].-;:;
99o/o
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Figure 6.38

Random sampling

using point, line and

area techniques

13

12

I1

t0
90

Sampling techniques
Several different methods may be used according
to the demands of the required sample and the

nature of the parent population.There are two
major types, with one refinement:

Random sampling This is the most accurate
method as it has no bias.

Systematic sampling This method is often
quicker and easier to use, although some bias or

selection is involved.

o Stratified sampling This method is often a

very useful refinement for geographers; it can

be used with either a random or a svstematic
samole.

Random sampling
Under normal circumstances, this is the idealtype of

sample because it shows no bias. Every member of

the total population has an equal chance of being

selected, and the selection of one member does

not affect the proba bility of selection of another
member.The ideal random sample may be obtained
using random numbers.These are often generated

by computer and are available in the form of printed

tables of random numbers, but if necessary they
can be obtained by drawing numbers out of a hat.

Random number tables usually consist of columns
of pairs of digits. Numbers can be chosen by reading

either along the rows or down the columns, provided

only one method is used. Similarly, any number of
figures may be selected - six for a grid reference,

four for a grid square, three for house numbers in a

long street, etc. Using the grid shown in Figure 6.38,

the random number table given above yields eight
6-fi gu re grid references : 927 1 1 4; (986691 has to be

excluded because the grid does not contain these

numbers); 906126; etc,

b line

One feature of a genuine random sample is that the
same number can be selected more than once - so
remember that if you are pulling numbers from a

hat, they should be replaced immediately after they
have been read and recorded.

There are three alternative ways of using random

numbers to sample areal distributions (patterns

over space) (Figure 6.38).

Random point A grid is superimposed over the

area of the map to be sampled. Points, or map

references, are then identified using random

number tables, and plotted on the map.The

eight points identified earlier (in the random

number table) have been plotted on Figure

6.38a. A large number of points may be needed

to ensure coverage of the whole area - see

Figure 6.40.

Random line Random numbers are used to

obtain two end points which are then joined by

a line, as in Figure 6.38b which uses the same

eight random points, in the order in which they

occurred in the table. Several random lines are

needed to get a representative sample (e.9. lines

across a city to show transects ofvariation in

land use).

Random area Areas of constant size, e.g. grid

squares or quadrats, are obtained using random

numbers. By convention, the number always

identifies the south-west corner of a grid square.

lf sample squares one-quarterthe size of a grid

square are used, together with the same sample
points, their locations are as shown on Figure

6.38c - note that the point in the north-east
cannot be used because part ofthe sample
square lies outside the study area.This method

can be used to sample land-use areas or the

distribution of plant communities over space.

c area (using squares)
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The advantages of random sampling include
its ability to be used with large populations and

its avoidance of bias. Careful sample design
is needed, howevel to avoid the possibility of
achieving misleading results, for example when

point (using grid intersections) b line (using eastings)

t0
9390

sampling small populations, and when sampling

over a large area. Also, when used in the field, it may

involve considerable time and energy in visiting
every point.

c area (using grid squares)

The main advantage of systematic sampling lies

in its ease of use. However, its main disadvantage
is that all points do not have an equal chance of
selection - it may either overstress or miss an

underlying pattern (Figure 6.40).

Stratified sampling
When there are significant groups of known size

within the parent population, in orderto ensure

adequate coverage of allthe sub-groups it may be

advisable to stratify the sample, i.e. to divide the

population into categories and sample within each.

Although categorising into groups (layers or strata)

may be a subjective decision, the practical applica-

tion of this technique has considerable advantages

for the geographer. Once the groups have been

decided, they can be sampIed eitheÍ systematica||y

or randomly, using point, line or area techniques.

1 Stratified syst€matic sampling This method

can be useful in many situations - when inter-

viewing people, sampling from maps, and during

fieldwork. Forexample, in political opinion
polls, the total population to be sampled can

be divided (stratified) into equalage and/or

socio-economic Aroups, e.g. 1 0-1 9, 20-29,

etc.The number interviewed in each category

should be in proportion to its known size in the
parent population.This is most easily achieved

by sampling at a regular interval (systematically)

throughout the entire population, so that the

required total sample size is obtained. For exam-

ple, if a sample size of 800 is required from a total
population of 8000 (i.e. a 1 0 per cent sample),

every 1Oth person would be interviewed.

91

t0
90 91 92 93 94 95

figure 6.39

tstemati( sampling

using point, line and area

techniques

fi9uteó.40

Poor sample design

and selection can lead

t0 ina(uÍate Íe5UIts:

an area ofwoodland is

rompletely mised ln this

example

Systematic sampling
A systematic sample is one in which values are

selected in a regular way, e.g. choosing every 1Oth

person on a list, or every 20th house in a street.

This can be an easier method in terms of time
and effort than random sampling. Like random
sampling, it can be operated using individual
points, lines or areas (Figure 6.39).

Systematic point This can show changes
over distance, e.g. by sampling the land
use every 100 m. lt can also show change
through time, e.g. by sampling from the
population censuses (taken every 1 0 years).

Systematic line This may be used to choose
a series ofequally spaced transects across an

area of land, e.g. a shingle spit.

Systematic area This is often used for land-

use sampling, to show change with distance ot

through time (if old maps or air photographs

are available). Quadrats, positioned at

equal intervals, are used for assessing plant

d istributions.
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2 Stratified random sampling This method can
be used to cover a wide range of data, both in
interviewing and in geographical fieldwork and
map work. For example, Figure 6.41 shows the
distribution of moorland on two contrasting

{|- ř:: * r: *** i i.t s** - ť *.*.*.l ii

Although the daíly movement of the tide alters
the level at which waves break onto the foreshore,
the average position of sea-level in relation to the
land has remained relatively constant for nearly
6000 year s (Figure 6.42). Before that tirne there
had been sevcral major changes in this mean
level, the rnost dramatic being a result of the
Quaternary ice age and of plate movements.

rock types: granite occupies 600lo of the total
area and limestone 40olo.To discover whether
the proportion of moorland cover varies with
rock type, the sampling must be in proportion
to their relative extents. Th us, if a sam ple size of
30 points is derived using random numbers, I B

are needed within the granite area (18 is 60 per

cent of 30) and 12 within the limestone area
(l 2 is 40 per cent of 30). lf it was decided to area

sample, 1B quadrats would have to fall within
the granite area, and 'l 2 in the limestone.

The advantages of stratified sampling include its
potential to be used either randomly or systematically,
and in conjunction with point, line or area techniques.
This makes it very flexible and useful, as many
populations have geographical sub-groups. Care must

be taken, however, to select appropriate strata.

During times of maximum glaciation, largc
volumes of watcr wele stored on the land as icc

- probably three times more than today. This
modification of the hydrological cycle meant
that there was a worldwide, or eustatic (glacio.
eustatic, page 123), fall in sea-level of an esti-
mated 100-150 m.

As ice accumulated, its weight began to
ciepress those parts nf the crust lying beneath it,

This caused a local, or isostatic (glacio-isostatic,
page 123), change in sea-level.
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A random point

sample, stratified
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The wolld's sca-level was at its tninimum
18 000 years ago when the icc was at its
maximum (Figure 6.42).Later, as tempcratures
began to rise and icecaps melted, therc was filst a

eustatic rise in sea-level followed by a slower iso-
static uplift which is still operative in parts of the
r,r,orld today. This sequence of sea-level changes
ma1. be sumrnarisecl as follows:
1 Formation of glac-icrs and lce shcets. liustatic

fal1 in sea-level gir.es Íise to a negative change
in base level (page 81 ).

2 Continued growth of ice shccts. lsostatic
clepression of thc land uncler the ice ploduccs
a positive changc in base 1evel.

3 Icc sheets begin to melt. Eustatic rise in sea-

level with a positive change in base 1evel.

4 Continued decline of icc sheets ancl gla-
ciers. Isostatic uplift of the lancl under
former ice sheets results in a negativc
change in basc level.

During this deglaciation, there may have
bcen a continuing, albeit small, eustatic rise
in sea-level but this has becn less rapid than
the isostatic uplift sct that base level appeals
to be fal1ing. Measurements stiggest that parts
of north-west Scotlancl are still rising by 4 mm
a vear and some northern areas of the Gulf
of Bothnia (Scandinavia) by 20 mm a year
(Places 23, pagc 166). The upllft in northern
Britain is causing the British Isles to tilt ancl the
land in south-east England to be depressed. 'l'his

process is of utmost importance to thc future
natural development and human management
of British coasts (Figure 6.56).

Tectonlc changes have resulted in:
r the uplift (orogeny) of new mountain ranges/

especially at destructive and collision plate
rnargins (pages 17 and 19)

r local tilting (epeirogeny) of the land, as in
south-cast Iingland, which has increased the
flood risk, and in parts of the Mediterranean/
leading to the subrnergence of sevelal ancient
ports and leaving othcrs strancled above the
present-day sea-level

I local volcanic and calthquake activity, as in
Iceland.
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Changes in sca-level have affccted:
r the shape of coastlincs and the fortnation

of new fcatures by incrcased erosion or
deposition

r the balance between erosion ancl cleposition
by livcrs (page 81) r'csulting in the clror,rrning

of lower sections of valleys ol in thc rcjuvena-
tion of rivers, and

I the migration of plants, animals and peoplr.

a a.lr : :r i':jj, iri i ,:'p .r':1

Eustatic rises in sea-lcvel following thc decay of
the icc sheets led to the drowning of rnanv low-
lying coastal areas.

Estuaries are the tidal mouths of Livet s, ntost
of which have inheritecl the shapc of the folrner
river valley (Figurc 6.45). In lnany cases, estuaries
havc resultecl fiom the lou'er parts of the t alleys
being dlownecl by thc post-glaciitl risc of sea-level.

Bcing tidal, estuaries are subject to the ebbs and
flows of the tide, and r,rsually largc expanses of
mud are revealccl at low tide (Figure 6.43). Many
estuaries widen towards the sca and narrow to a
meandering section inlancl (Figulc 6.:14).

Estuaries are affectecl by proccsses that are

very dlfferent from those at work alon5J t ivers
and coasts, becausc of particular fcatures.
r Residual currcnts are created by the mixing

of fresh water (frorn rivels) and saline water
(sea watel brought in by thc tides). Mixing
tencls to take place only when discharge and
velocities arc high; othervl'isc the fresh rivcr
water, being less dense, tends to rise ancl flow
over the saline water.

r Tidal currents have a two-way flow associ-
ated with the incorning (flood) ancl outgoing
(ebb)tide.

f Continuous variations in both discharge and
velocity lesulting from the tidal cycle. Tidal
velocities are highest at mid-tide and reduce
to zero around high and low water. Times of
zero velocity result in the deposition of tine-
graincd sediments, especially in uppel estuary
channels, which form muclflats and saltntarsh

tigure 6.43
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Classitication of estuaries
a According to origin This traditional method

divides estualies into different shapes but on
the basis of the ir river valiey origins.

r l)rowned river valleys, resulting fr om
post-glacial rises in sea-level, includes
most cstuaries.

r Rias, formed when valleys in a dissected
upland alc submerged, are one type of
drowned river vallcy (Places 22).

r Dalmatian coasts are similar to rias except
that their rivers tlow almost parallel to the
coast, in contrast to rias where they flow
moÍe at dght'angles, c.g. Croatia.

I Fiords, folmed by the drowning of glacial
troughs (page 113), ale extrernely deep
and steep-sided estuaries (Places 22).

r Fiards are drowned, glaciated lowland
areas/ e.g. Strangford Longh, Northern
Ireland.

b According to tidal process and estuary
shape This modeln approach, supported by
Pethick, acknowledges that it is tidai range

that determines the tidal current, the rcsidual
current velocities and, therefore, the amount
and source of sediment

r Micro-tidal estuarics, which have a tidal
range of less than 2 m, are clominated
by freshwater river discharge and wind-
driven r,r'aves fLom the sea. 't'hey tend to

be long, wide ancl shallow, often with a

fluvia1 delta or coastal spits ancl bars.
r Meso-tidal estuaries have a tidal range

of between 2 m and 4 m. This fairll'
limitecl range nleans that, although
fresh water has less influence, the tidal
flow does not extend far upstream and

the resultant shape is said to be str.rbbr,

with the presence of tidal meanders in

the landward section.
rMacro-tidal estuaries have a tidal range

in exccss of 4 m and a tidal influence
that extends far inland. They have a

characteristic trumpct shape (Figure
6.44) and long, linear sand bars formed

palallcl to the ticlal flow.

W Devon and Norw ay.a riaand a Íiord

Kingsbridge estuaÍy
During the last ice age, rivers in south-west England
were often able to flow during the warmer summer
months (compare Figure 5.14), cutting their valleys
downwards to the then lower sea-level (page 163).

When, following the ice age, sea-levels rose (Figure

6.42),the lower parts of many main rivers and their
tributaries were drowned to form sheltered, winding
inlets called rias.The Kingsbridge estuary (Figures

6.45 and 6.46) is a natural harbour produced by the

drowning of a dendritic drainage system (Figure

3.50b). The deepest water is at the estuary mouth, a

characteristic of a ria, with depth decreasing inland.

The result is a fine natural harbour with an irregular

shoreline and, at low tide,800 hectares oftidal creeks

and mudflats.

Apart from south-west England, rias are also found

in south-west Wales, south-west I reland, western
Brittany and north-west Spain.tigure 6:4s
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tigure ó.47

Location of

Sognefjorden

Sognefjorden
Fiords (fjords) such as Sognefjorden (the Sogne

Fiord) were formed by glaciers eroding their valleys

to form deep glacial troughs (page 1 13).When

the ice melted, the glacial troughs were flooded
by a eustatic rise in sea-level (page '163) to form

long, deep, narrow inlets with precipitous sides,

a U-shaped cross-section, and hanging valleys
(Figure 4.21). Glaciers seem to have followed lines

of weakness, such as a pre-g lacial river valley or, as

suggested by their rectangular pattern, a major fault

Fjaerlandsford

Balestrand

line (Figure 6.47). Unlike rias, fiords are deeper inland

and have a pronounced shallowing towards their

seaward end.The shallow entrance, comprising a

rock bar, is known as a threshold.

The Sognefjorden extends 195 km inland and, at its

deepest, has a depth of 1308 m (Figure 6.48). One

description of the Sognefjorden is given in Figure 6.49.

Apart from Norway' fiords are aIso íound on the West

coasts of the South lsland of New Zealand, British

Columbia. Alaska, Greenland and southern Chile.
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5ogneÍjorden

qlaciers ,

I over 500 m t
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Extract from B/ue

/ce, a novel by

Hammond lnnes

As we sai|ed up the Íord, the wind died away |eaving the Water as

flat as glass.The view was breathtakingly beautiful' Mountains rose

to snoň.covered,jag9ed peaks.The dark 9reen of the pines covered

the lower slopes,-but higher up the vegetation vanished.leaving

sheer cliffs of bare rock which seems to rise to the blue sky ln the

distance, on a piece of flat land, was Balestrand, with a steamer

moving to the quay' Beyond was the hotel on a delta of green and

fertile land.
'lsn't it lovely?'Dahler said.'lt is the sunniest place in all the

Sogne Fjord.Thó big hotel you see is buiIt comp|ete|y of wood. Here

trrJ6orá is friend|y, but when you reach Fjaer|andsf ord you wi|l

find ihe water like ice, the mountains dark and terrible' risinq to

1 3OO metres in precipitous cliffs. High above you will see the Boya

and Suphelle glaciers, and from these rivers from the melting snow

Itun9..' giuňt *aterfalIs into the caIm, co|d, green co|oured fiord.'

j"cxrt ďf*ryms fl*,$í,ťťir*ff fbem *rrrergl*řlť*
Following the global rise in sea-level, and still
occurring in several paÍts of the wolld today,
came the isostatic uplift of land as the v/eight of
the ice sheets decreased. Landforms created as

a result of land rising relative to the sea include
erosion surfaces and raised beaches.

Erosion surfaces In Dyfed, the Gower
peninsula (South Wales) and Cornwall, flat
planation surfaces dominate the scenery. Where
their general level is between 45 m and 2OO m,
the surfaces are thought to have been cut during
the Pleistocene period when sea-levels were
higher - hence the alternative name of marine
platforms (Figure 6.50).

tigure ó.50

Erosion surfaces (marine peneplanation) at

St Davidl, Dyfed, South Wales
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Raised beaches As the land lose, fotmer
wavc-cut platforms and their beaches were raised
above the reach of the waves. Raised beaches
are characteristic of the west coast of Scotland
(Figure 6.51). They ale recognised by
a line of degladed cliffs flonted by what was
originally a wave-cut platfolm. Within the old
cliff-line rnav be relict landforms such as wavc-cut

notches, caves, arches and stacks (Iigure 6.52).

The presence of such features indicates that
isostatic uplift coulcl not have been constant.
It has been estimatcd that it would have taken
an unciranging sea-lcve1 up to 2000 years to cut

each wave-cut platform. (This evidence has been

used to show that the climate did not ameliorate

steadily following thc ice age.)

lies at heights of 4-6 m. Where the raised beach is

extensive, there is a considerable difference in height

between the old cliff on its landward side and the

more recent cliff to the seaward side, e.g. the 30 m

beach in south-east Arran rises from 24 to 3B m.

It is now more acceptable to estimate the time at

which a raised beach was formed by carbon-dating

seashells found in former beach deoosits. rather

than by referring solely to its height above sea-level
(i.e. to indicate a'late glacial raised beach'rather
tha n a'1 00 ftl30 m beach'). Fig u re 6.53 is a la belled

transect, based on fieldwork, showing the two
raised beaches in western Arran.

W Arran: raised beaches

The lsle of Arran is one of many places in western
Scotland where raised beaches are clearly visible.
Early workers in the field clalmed that there were

three levels of raised beach on the west coast of
Scotland. found at 25. 50 and .l 

00 feet above the
present sea-level. These are now referred to as the
B m, 15 m and 30 m raised beaches. However,

this description is now considered too simplistic,
since it has been accepted that places nearest to
the centre ofthe ice depression have risen the
most and that the amount of uplift decreases with
distance from that point. Thus, for example, the
much-quoted'B m raised beach'on Arran in fact

Figure 6.51

Raised beaches on the

lsle ofArran: the lower

one relates to the

younger'B m beach';

the upper one to the

older'30 m beach'

ligure 6,53

Diagrammatic

transecl acr0s5

raised beaches

of Arra n

.3!,

small cliff 2m high

Ai-i,::lt irii'l"',', .,

rr Figure6,52

The abandoned cliff line at King's

(ave, Arran, with its'B m raised

beach' (see Figure 6.53)

(not to scale)

present wave-cuI
platfoÍm covered in
pebbles and boulders

abandoned ---sandstone cIifís

30 m upper
raised beach

cave, 25 m deep, with
rounded stones formed by
earlier stoÍm Waves

wave-cut notchformer high-tide level

l--
present high-tide level.t--- \ lower raised beach I5 m

wide,cave4m above
present high-tide level
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tigure 6,54

A concordant (Pacifid

toaí|ine: LuIworth

(ove, Dorset

ffimc&* sttrL$€&tsť*

Concordant coasts and discordant coasts are

located where the natural reiief is determined bv
rock structure (geology). They form where the
geology consists of alternate bands of resistant
and less resistant rock which form hill ridges
and valleys (page 199). Concordant coasts occur
where the rock structure is parallel to the coast,
as at Lulworth Cove, Dorset (Figure 6.54). Should
there be local tectonic movements, a eustatic rise

Whyclassify?
Geographers frequently utilise classifications, e.g.

types of climate, soil and vegetation, forms and
hierarchy of settlement, and types of landform.
This is done to try to create a sense of order by
grouping together into classes features that
have similar, if not identlcal, characteristics into
identifiable categories. For example, no two
stretches of coastline will be exactly the same,
yet by describing Kingsbridge estuary as a ria,

and Sognefjorden as a fiord (Places 22), it may be

assumed that their appearance and the processes
leading to their formation are similar to those
of other rias and fiords, even if there are local

differences in detail.

Howto classify
When determining the basis for any classification,
care must be taken to ensure that:

. only meaningful data and measures are used

r within each group or category, there is the
maximum number of similarities

o between each group, there is the maximum
number of differences

o there are no exceptions, i.e. all the features

should fit into one group or another, and

r there is no duplication, i.e. each feature should
fít into one category on|y'

l
low lvinq area

] {intuío)ulno ouv'

i' 
(coast) torm on
Ie5s Íe5istant

i 
sands and clays

l
1 ridge (inland) and cliffs

| (coast) develop on the
J more resistant chalk

I vale (inland) and bay (coast)

] form on less resistant clay

I ridge (inland) and

] headland with cliffs

| 
(coast) develop on

I 
the more resistant

J ilmesrone

in sea-level, or a breaching of the coastal ridge,
then summits of the ridge may be left as islands
and separated from the mainland by drowned
valleys. These can be seen on atlas maps showing
Croatia/the former Yugoslavia (Dalmatian coast)
or San Francisco and southern Chile (Pacific
coasts). Discordant coasts occul where the coast
'cuts across'the rock structure, as in Swanage Bay,

Dorset (Figure 6.55). Here the ridges end as clitÍs
at headlands, while the valleys form bays.

As classifications are used for convenience and to

assist understanding, they should be easy to use.They
should not be oversimplified (too generalised), or too
complex (unwieldy); but they should be appropriate
to the purpose for which they are to be used.

No classification is likely to be perfect, and several

approaches may be possible.

Anexample
The following landforms have already been referred
to in this book:

arch; braided river; corrie; delta; esker; hanging
valley; knickpoinU moraine; raised beach;
rapids; spit; wave-cut platform.

Can you think of at least three different ways in

which they may be categorised?The following are

some oossibilities:

a Perhaps the simplest classlfication is a two-fold
division based on whether they result from

erosion or from deoosition.

b They could be reclassified into two different

categories: those formed under a previous

climate (i.e. relict features) and those still being
formed today.

< The most obvious may be a three-fold division
into coasta|, 9|acialand f|uviaí |andforms.

d A more complex classification would result from

combining either a and b, or a and c, to give six
groups.

FiguÍ€ 6:55

A discordant (Atlantic) coast-

line: Swanage Bay, Dorset
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We have alreacly seen (page 162) that over long
peliods of geological time (tens of millions of years)

sea-level has been conttolled b1. the rnovernent of
tectonic plates and over shorter periods (the last
million years) by the volume of ice on the land (sea-

level falling during glacials, rising in interglacials).
Since the 'l,itt1e lce Age' in the 17th century, when
glaciers in alpine and arctic regions advancecl, thc
r,r''ollcl has slowly been warming. This warming
helps to explain why global sealevels are no\'v some
20 cm higher than they were a century ago ancl
why they are rising by 2 mm a year.

'l'he fact that sea-level is continuing to rise,

ancl at an accelelating rate, is due alnost entircly
to two factors:
1 'l'hermal expansion Since 1961, the averagc

tcrnpelature of the global ocean iras increased
to depths of over 3000 m ancl the sea is now
absorbing more than 80 per cent of the heat
added to the climatic system through global
warming. Such r,r,arming causcs scawatcr to
expand, contributing significantly to sea-

level rise.
2 Melting ice A less significant, but incrcasing,

contribution is from melting ice - mainly
alpine glaciels, including thc 1500 ol so in
the Himalayas - and, to a lcsscr extent as yet,
polar icc shcets and ice caps.

Global sea-level rose at a rate of 118 mm/yr between
1965 and 2005 and by 3.1 mm/yr between 

-l993

and 2005. Some computer models are suggesting
that bctween 1990 and 2090 it could be as high

2420 2030
year

_1.0

-0.5 rise/fall
peryear (mml

Figure 6,56

Relative sea-level (RSL): the

combined net effect ofsea and

land surface changes

as 3.7 rnm/yr, increasing to 5 mm/yr by 2100
(Figure 6.57). Other models have suggested a greatei

'l)oornsclay' scenario with sea-levels rising by
8 mm/yr by the encl of this century (one has ever

suggested 
.l 

6 mm/yr). Whichever prediction even-

tually proves to be the nlost accurate, sea-lerrel rise

will have serious consequences:

Mediterranean

,/',|l.-:'.í)

i4a;";'i;rLl

I rr.r rise

3 rn rlse

a
I

sea-level rising
(eustatic)

land rising i
(isostatic) ,/

+0.5.-

+0.5

0 equilibrium

/ 0.5

0 100 km

sea-level rising
(eustatic)

land sinking
(isostatic)

Figure 6.57

Projections offuture

sea level rise resulting

from global warming:

the extreme values

cover the 95 per cent

probability range (ofrer

Clayton, 1 992)
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tigure 6,59

5ome impreslve

WAVC5

a North (ape, Norway
_ note the ÍeIatiVe 5iZe

ďthe peopIe

b A wave breaking

over a lighthouse,

Seaford,5ussex

Storm surges, tsunamis, higher tides and
lalger waves will cause more damage.
An increase in the frequency and severity of
coaStal flooding would inundate numeÍous
coastal settlements such as Tokyo, Shanghai,
Lagos, London, Bangkok, Kolkata, Hong Kong
and Miami, causing the displacement of large
centres of populations as well as destroying
industry and farmland (Figure 6.58). At
present over 65 million people live in annual
flood-r'isk areas, 50 million of those in danger
of storm surges. A rise of 1 m in the next 100
years wou1d inundate one-quafteÍ of the land
area of Bangladesh, affecting nearly 70 pel
cent of its population.
Several low-lying ocean states such as the
Maldives in the Indian Ocean and Tuvalu and
the Marshall Islands in the Pacific are likely to
be inundated.
There will be an increase in coastal erosion
and expensive coastal defences will need to
be built and maintained.
Various coastal ecosystems will be threatened,
including sand dunes, saltmarshes, mangrove
s\ /amps, coral reefs and coral islands, which
may not be able to adapt quickly enough if
the rise is too rapid.
Some sea-life species will migrate to cooler
\ /aters.

t"*ťff{}ť lff;*}é*i''

Mid-Atlantic u/aves that eventr-rally pound thc
urestern coasts of the British Isles havc increased
in height over the last 30 yeals. Oceanoglaphers
have found that the mean hcight of thcse waves
in winter has risen from 4 m to 5.3 m. Added to
that, the mean height of the lalgest and most
destructive type of wave has lisen from 8 m to
11 m. This suggests that waves now have far
more energy than they did in 1980 and while
they may be a potential form of renewable
energy, at present they undermine cliffs, strip
sand from beaches and threaten coastal defences
(Figure 6.59).

Freak waves of 15 m and over in height were
in the past considered to be a marine myth.
Oplnions began to change when wolkers on off-
shore oil-rigs reported that waves of that height
occurred fairly frequently. Two orbiting satellites
launched by the European Space Agency in 2000
were given the task of recording and plotting
these so-called freak waves. Radal sensors on the
satellites soon showed that freak waves were tela-
tively common and, within one period of three
weeks, a team of land-based observers noted the
existence of mole than ten waves of over 25 m
spread across the various oceans. Freak waves
may explain the sudden disappearance of ships,
some as large as oil-tankers.

nailia r

3m
tent-

delta



sand dunes, saltmarsh,

tieule 6:60

Threats to

Britain's

coasts

A The need for
management
A| r l^olgl. B' ll di.l,' Lod)Ls d' e r al ely aíec t ed

byextremeevents such asthe Indian Ocean

rsundm rDld.e,4r,'lo r.uroesasin heBa)

of Bengal (Places l9) orthetropicalstorms
in Central America and Florida (Places 31,

o.rro ) 18r ld rrp st,pt, \tr' dre Lnder LhreaL lrorr

one or more sources (Figure ó'ó0). Much of
Britain's coastline is used for human activity and

a]| loLq 1 'n soŤe rro.e ren.ote p|d( e ) tulé.p

r olen a demard 'ror or'ly one o't rvo rain
and user:. r nary olhers tl'ere rcorpe'iron

Increased risk of fl ooding

risinq sea-level linked to global warming

higher high tides

risk of increased number of storm surges

Increased risk of erosion

larger waves (generating more energy)

human activity (use offootpaths, building on cliff-tops)

Overuse and/or misuse

settlements and economic development

leisure and tourism (caravan and car parks, golfcourses)

Who is responsiblefor coastal
management?
The Department for Environment, Food

and Rural Atfairs (DEFRA) has overal

responsibility for coastal defences rn

EngIand, although the Ěnvironment
Agency has powers to reduce f ooding
in tidal waters. In order to protect the
, c;. D-f RA l- nc In nrn.r ,f e a shoreline
management plan (SMP).To do thls, it is
né.é(q)r\/ ln tndcr<!:nd.Ó/\t)| .rn.pcse-Y"'
in any given stretch of coastllne. lt would
be impossible to achieve this for the whole

British coastline, so it has been divided into

a number of separate units referred to as
.r - ..-i -, ". t.-heredreeleveaLVO)LO| !E ) \ |LJU E U.VZlr L

fo' Irn];rd rr d \,4/rlp<, I l-o 19.o119n on6

:ize o'ea.l^ ot th-ro .e ls i. de'red :o LLo

rn:qr lI nrn' aq\é. \\ i. hin c rch nd vrdL,a

cella'e rota y:el'-, o'rroined. and e harges

íor, and conflict over, land use (Figure 6'6l )'

rorb ring rt^orr ea-.oo.pd b):

o natural events such as flooding and

erosion, and
o human demands that inc ude

sett ement, economic activities and

recreational use
tne'oi'a, orriruirg.eed[o ar a iora sus

[d Tdb e TTdndgpno 1 pi61. (6' h o p ar I a- o
consider on the one hand the rapid y increasing

costs of providing new defences and main-

taining both newand existing defences, and on

t le ot ier l"nd t le noed ro p or ec L peop .
and property.

estuaries, south-east England

Thames estuary

southern North 5ea

Western BÍitain

Yorkshire, East Anglia

estuaries

close to large urban areas

N

/to
I

Bardsey ý
sound 'f--------

9

\ ,--{

l

mudflats, cliffs 3olo - f heathland 2%

I

woodland 70o

pasrure
33o/o

arable
25o/o

buildings, roads, ..

leisure facilities ;30o/o ,.j'
...: .'.)

. 23% of the UK lies within 10 km of thecoasl

. 17.2 million people live within this coa$al

zone.
. 350/o of UK manufacturing and electricity

production is close to the coast.
. Most of the coastline is used for

recreational purposes, especially walking.
. Coasts attract larger number of specialist

groups (ornithologists, geologists, school

pa rTres/.

tigure 6,61

(oastal land use

Fiou1e6,62

(oastal cells around the roasts

of England and Wales
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Coastal management in the UK

taking place withrn that cell do not signifi

cantly affect the coastline of adiacent ce ls.

Two basic principles in 5MP production

afe tirat:

. natu[a processes should not b'e

lnterfered with unless it is necessary

to protect Iife or ProPertY
r a I schemes must be economically

viable and undergo a cost benefit

analysrs to ensure that they make good

use of pub rc money.

Whatarethe options?
A shore ine management p an has, for each
'oo,.d ' p .'out de'et Le oplior,:
r Do nothing, other than monitor and

revlew.

r Ho d the existing defence ine by

malntaining or changing the standard

of protection.

r Advance the existing defence line.

. Retreat the extsting defence ltne by

realignlng the coast, i.e. managed
retřeat'

SMPs are developed by groups of people

lhat lnclude p anners, engineers, geomor

phologists and others wrth specia loca

knowledge.

Íi9u1'e 6.63

(oastal defences

a Rip-rap

b Groynes and a bullnose sea wall
( Revetments

How hasthe coast been
protected in the Past?
Traditional sea defences, now referred to as

hard defences (Figure 6.63), involved the

constructlon of distinctive features:

r Concrete sea walls were often

built, in the 1 9th century, at hollday

resorts. They created more space for

promenades and eisure amenities and

protected hotels from storm waves.

o Groynes, usually of wood, were

constructed at right angles to the

coastline.They he Ped to reduce

the force ofthe waves and traPPed

rnaterlal betng moved along tne

coaSt by ongshore drrft (|-igUre ó'23)'

This helped to widen beaches and to

reduce the rernova of beach material

. Concrete breakwaters protected small

harbours from strong wave action.

More recently it has been realised that:

. concrete sea walls absorb, rather than

reflect, wave energy and so now theY

are often curved at the top (bu lnose)

to divert waves
. groynes, by trapping sand, cause the

ioss of replacement material further

along the coast, increasing the proDlem

elsewhere.

More recent hard defences tnclude:

o wooden slatted revetments,

constructed parallel to the coast, which

d ssi pate the force of waves

. .OnC'efp blOCLs, t'OWn dS'ip "dp.

whrch also absorb the power of waves

. offshore breakwaters and reefs which

reduce wave energY but still allow

some longshore drlft (Figure 6.70).

Most of the earlier schemes, apart from

berng unsustainable, were not envlron

mentally friendly, either visually or in rela

tion to local habitats (ecosystems), and

were expenstve to build and to maintain.

Wherever possible they are being replaced

or supplemented by soft defences. Soft

defences inc ude:
o the use of beach replenishment at the

base of cliffs and sea wa ls where lost

sand and shinqle is replaced (although

such replacement is exPensive and

needs to be maintained for long

periods)

o cliffstabillsation, either by insertinq

pipes to remove excess water or bY

plantlng vegetation to reduce mass

movement.
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B Coastalmanagement
schemes in East Anglia
Erosion has always been a major prob em

along much of the coast of Norfo k (Figure

ó'ó4) wh]|e further south f|ooding is the
major hazard in Suffolk and Essex (P aces

1 9). Present-day shoreline managernent
plans (SMPs, page 170) must aim to strike
-h'ree'nirg y rpossible balar.e between
^/^'Ó |.n^.hÓ.'-'tl.l Ó :. av'abecosland
minimrsing the disruption of natural proc
pqre. lnd 1a..[,,da'elrercheme:. n not Lh

Norfolk, hard engineenng so utions are now
P.\ .T 

[dvo| 'l -..l^ \.Íte. nntiols. Ir :uÍ'o k
ap6] | ..a l .. ln ,Ó.s\ l2. |.i\e1 ove. SMP
n/nn.( r . n 'e ,linr na ts of Lhe coo)[ ine n

a .r ar.aqed rerreat ' his uos€ .l . dy .ors de.s
reve'a speci[, olaces ard -l^ei'problers.

Aldeburgh and East Lane Point,
Suffolk
Aldeburgh, in Suffo k, at the northern end
of orford Ness (Figures ó.2B and 6.ó5), was

protected by a sea wall and timber groynes

to reduce the loss of beach material. Six

streets to the east ofthe town have been
ost to the sea since the ] óth century, and
the on y visible remains of the former
vll age ofSlaughden, 1 km to the south, are

a Marte o tower and what is now a marina.
-ol owirg rl^e pa'rial{a lu'e oirhe sea wal

in 1 988, Anglian Water and the National Rivers

Authority (now the Environment Agency)

dpvi..d a t 4.9 r:t l or plar Lo provide sea

de'ences rl^dl woL d o .o Q'ot.ct I1e t.dal

|ta.| ' ,l a' r.a r' ^f LrÓ Di' 'Ó' A|dp immedi:re '

to the west of the town.The existing sea wa I

was extended at its base in the section con
. de'ed rostthreaLened. Several l 0 Lonne

rrrf hlnrL., 1'ore6 rrerl ir r,OnLOf Lnerea

wa lto absorb the wave energy; 200 m of
wall origina ly protecting the northern end

of Orford Ness was demollshed, and a rock
''* ' Á l.'.'.'.A.oLao[24nevro I ruu uorrn pul rrL) prolc.

groynes were built, stretching south beyond

the Marte||o tower (Figure ó.6ó), a nd 75 0O0 m3

^T.Á ^^l^.^,^.^ '-l^^^. -^^ .' |..^..^ '.^ ^^i ^U| . '|9'c VV-'- UřpU) Ýu o) Uqol | |ťp]c| l|) |

ment. More rocks were brought in to make a

400 m bank between the existrng sea wall to

the south and the shing e bank.The scheme
was completed in 

,l992. 
lt took into account

the risk that storm da mage could cause to a n

rmportant natura area.

I 2002 rhe e we e irL 'oo T g 'ed., i.tat

Aldeburgh could become an island and that

the Suffolk coastline as far south as Felixstowe

cor d char'ge i'rhe sea b oLe l'ough ooso-
I^+^ A^t^^-^- ! -i^^ +L^ ^^.clpOpIp1.rco 'r|1q .rene'lW|' Ie| \\'olÍl .'
A .'é' IP\| 'rredi.tp .iqI s FasL Lane

Point, near Bawdsey, south of Aldeburgh
(Figure 6.6/). Much of the land behind the
Point is considered by the governTnent

ro be a'ron-v a ble flood de'en.e a rea as
. 

^^Ó, ^.f .Ó:.l. i^Ó .Ó r i.iLe n-mber oI
points required forfunding underthe new
DtIRA s.orirg Sy<te.r .ra.Í-; becalse Lie
:rct iq qn:r<elrr nnnr rl;tcd A. -/r-r spo(eqpersol
for DEFRA stated that'there will never be

sufficient money available for every coastal

de'er.e reed ard so prior'ty 1'rsL go .o pro

tecting peop e and their propertyl

Aldeburgh
(could be an

island)

N

tisule 6:65

Aldeburgh's sea

defences

Figure 6,64

Erosion near

0verstrand, Norfolk

NBTraď

the spit

because

from

Gropes

Tower at

@

E

/ť
;i

N

Orford Ness

Shingle Street (worn away in 20 years)

Bawdsey (could become an island)

East Lane Point - area of erosion causing most
concern

9 5lÍm

píesent coastIine

- 
present nvers

--- predicted new
coastline -
flood zone to 4 m

land
area likely to flood

ffi settlement
. Martello towers

ri9u10,or

How 5uffolk may flood if
defences at East Lane Point

are breached
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SeaPalling, Norfolk
Much of the Norfolk coastline from Cromer
.o. h,r,ord,-oC eatYarno-Lf is p'orected

O) e'peÍ. 
.' oCoos.aIde elce:.Ar .ea Dd ilg

the beach is backed by sand dunes which,

ln earllertimes, helped provide a natural

deíence' Behind these are 6000 ha of ]and

used for settlement, farming and (this area

being part of the Norfolk Broads) tourism

and wildlife. In 1953 a storrn surge (Places 19)

o o.e h'oug^ L^€ CooSta de.e1.e:, .loodi.9

arge areas and, at Sea Pa ling itsell washing

away houses and drowning seven people.

Fo lowing the flood, a sea wall was con

structed in front of the dunes (Figure 6.ó8)

-. ' p.tr w.r .orre r-olor rimen - o[ beach

materla . However, by the 
.l 
990s the beach ln

íront of the sea wa I had narrowed due to the

remova of materia southwards by longshore

drift during times of northerly and easterly
. ,ra . , -1n .p(c rl-a+ od -n.n inrtea>e in

wave energy. Following the severe winter

:loílT]S oI loo l rip rdp Wd5 posiL'ored agairsr

tne sea wall as a temporary rneasure.

ln 1 992 a beach managernent strategy

was introduced with the conditions that it

wou d oI s qriÍ'car t|;, ofecr ad-acer. roáSId

areas, itwould have minimal envlronmental
mn. |. )n^ ir 'nln |r-] n é .n \| aFra' r'''a Ó''ar|| Ýa-\)a| U |. '.U.-|U

150 000 ton nes of rock were p aced in front of
the wa I to prevent further undermining and

l.4milllon m3 of replenishment sand were

added ln front of the rock.The major part

of the scheme was the construction of four

sea wall in
front of

sand dunes

ons^ore rep'- oesigled o red -cp irr onirq
wave energy and to protect the beach while

at the sarne time a lowing some ongshore

orin roas 1ol Lod^plpte'13 r;eplyoIsar d

to beaches further a ong the coast (Figure

'' f, *rleLedn 995u.u7l. tc)c tEE ) vvE E LUr rf

but a most imrnediately presented a problem
th:t h:r] n^t héAn nrpdirteer ' . l: saro oega"l

to accumulate in the sheltered lee of the

re.'q'padino'o'lp forn ttion of torbolor
(page 155 and Figure 6./0) whicb in turn

ir err-pLed tre proco-s eI orosho'e d'it. o

.'y' Lo or e .Cor1e th.s o'obIen' tte ne^ t í.t e
'^^.. .^ L^ Á' i|+'^ ^.^.Á^.|^' Í ̂  '^i '.^ ..^.'cť|\ U Utr pU||L VVř * \| U| |ť |LU ]EUutť o qo)

of shelter behind them), lower (to al ow more

ove.topp..l9 wavet) a. d c|ose. Loqerrel ť|o

n.é\'p.Ip.^c rn it Il^o6' n.)'A [U.therfi\edIe
nl:nnor_i I L m tn tha <nr th

a houses' farmIand' 555!s and nature reseÍVes
just above sea-level

b I .6 m high sea wall built in 1954

c rip-rap added in 1 992

d beach mateřiaI repIenished as needed
since 1 992

tigure6,68

Sea defences

1954-92

nent

'all

Íiguře 6:69

ArtiÍicial reefs at

Sea Palling

l'..,

to\
Cromer
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direction of
Iongshole ctrriíl
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&

'n9
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&
tigure 6.70

5ea 0elences at )ea

Palling since 1995&. dlrec1ion oí
longshore Crift

proposed Phase 3
3 km to south

after '1998, beach
to be replenished
wnen necessary

0 1km

Phase 1

1 993-95
Phase 2
1996-97

z5u m oTTsnore 250 m offshore

each 240 m long each l60m long

each 2.8 m above
mean sea-level

each l.2 m above
mean sea level

each gap 240m each gap 160m
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P roposed' m a n ag ed retreat'
in Norfolk
Controversial p ans by Natural England

to flood pa rts of Norfolk emerged in early

2008.The proposal, if accepted, would see

Britain for the first time admitting defeat

in the battle to maintain a of its coastal

defences. Experts doubt ifthe present
rleí.pn. p. ' .. í onP ulith Ihp r q nn qp.-|pvpl

resu ting from globa warming and the

sinking ofsouth east Eng and, and the plan

to fpo go tl-p od t' 't d'1 drooed rel'ed-'

is the ess expensive and more practical

option.This wou d invo ve building a new

sea wall further back from the present

coast ine, at a cost ofa fraction ofthat of
-'y'^9 lO nairta I rnee j,t'1q do'pt ro..

The Environment Aqency, in response,

stated that it is committed to'holding the
present line'ofsea defences for the next 50

years, although it adrnitted that that option
was becoming rncreasingly difficult and

more expensive, whi e DEFRA said it was

, onni ed lo ll^e 5usLa ra$lc p'or-c :or'

of people and property here in Norfolkand
e sewhere.

Happisburg h

N

0 5km

4149
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)

FiOure 6,72

Hickling Broad

Hickling

Hicklino 
^

I Brood \ ).
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ti9Uře 6:71

Proposed area of flooding

on the north Norfolk coast

O Potter
Heigham

Sea Palling

$.Waxham

Horsey
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approxrmate area
that might be flooded

Shou d the sch-.me go ahead, it would
mean allowing the sea, over a per od
of time, to breach 25 km of the north
Norfolk coast between Eccles on Sea and

Winterton-on Sea. in time the sea wou d

create an area of saltwater ake and salt
L-.

Tadr L ' oVé| g o\ l t- i ('i1-'o 6' '. o ret

the next 50 years or so this lake would
eliminate six villages:four on the coast
(Eccles on Sea, Sea Pa ing,Waxham and

Horsey) and two inland (Hickling and Potter

Heigham).The lake would also inundate

ooo- oO0 l-ou.e:. rary i e. ldre) o'good-
quality arable farmland and five fresh-

water lakes that currently form part of the

Norfo k Broads, including the tourist area

of Hick ing Broad (Figure 6.72) and the rare

fau na a nd f ora of Horsey Mere.

Opponents to the plan claim that it

wou d mean in the short term making

their properties unsaleab e and, ln the long

terrn, re ocating hundreds of people and

paying them compensation. A mi ennium

of history wou d va n ish u nder the waves

and with it viLlages like Hicklrng, which is

mentioned in the Domesday Book, and Sea

Paliing, which the sea fai ed to destroy in

the 'l 953 flood. Churches and other build

ings listed by Enq ish Heritage wou d also

oe rost.

Proposers suggest that the p an is more

economical y sustainab e than present

oo r. €5ard tIo'a re^ /cleoIed.d''1o
.o _ d be ;red b; 'a.ne"s br (atl e g o. .g

it cou d act as a buffer zone he ping to diss

pate wave energy, it wou d provide storage

for excess water d u ring tlmes of storm

surges, and provide a we come haven for

wild ife when litt e of Britaln's orrglna sa t-

marsh ecosystem remains (page 1/5).They

r'so ' L r il .- p n.r r p1-) hdve showl

that a sea wall can costs 15000 a metre

to build and marntarn, whereas an ln and

retreat oÍ B0 m, a||owing a sa tmarsh to

form a buffer against tides and waves, on 1'

costs l4O0 a metre to build and maintaln I

Natura England clalm that the'surrender'

option is only one of several possibilities,

but rt considers the lssue to be so impor
tant that it is time to open discusslons and

to encourage debate. No final decision has

beor r"d^"bo, lapr:;t.

:giáďf . :
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;o

Sand du nes a n d sa ltm a rsh

-rrge tracts of the coast of East Anglia

:onslý elther of sand dunes (pages 1 57 and

l!0)crsaltmarsh (pages 158 and 29'l ). Both

;refragileecosystems that are under threat

rnd rece ve less attention and manage

rent than they deserve and need.

As r'rre have seen, sand dunes fringe

much ofthe Norfolk coast, either backing

;;ndy beaches (Figure '1 1.10) or stabilising

,p ts such as that at B akeney Point. Sand

dures are under threat from:

r the r sinq sea-level which attacks the

embryo and foredunes (Ftgure ó.32)'

narrowinq beaches and thus depriving

them of thelr source material

. excavatlon for sand by construction

companies

- tigure6.73

Restoration of sand

dunes

o peop e either walkrng along paths within

them, especially where they form part of a

coastalfootpath, or playing (or sheltering

from the wind) in blow outs.

Where human influence is limited, the

ecosystem can repair itse|í but Where it is

severe the damage may be irreversible. One

solution is to fence off selected areas to

a||ow time for recovery (Figure ó.73).
.oIt.nars|^ doveIops oéhird ( od5|a spllS d

at B akeney Point (Figure 1 l.l4) but is most

extensive in the river estuaries of Suffolk and

Essex (Figure 1 1.-l3). Saltmarsh has been

underthreat since Saxon times when parts

were drained around the present-day Norfolk

Broads. Essex was said to have 30 000 ha of

saltmarsh in 1600, yet 400 years later on y

2500 ha remain.Thts remaintng saltmarsh

supports around two mil ion wildfowl and

wading blrdS in Wrnter and is a habitat Íor rare

species of plants, birds and insects. Currently

another 'l 00 ha/yr of saltmarsh is being lost

across England alone due to the rising sea-

ievel and human activity. However, there

are several plans in Essexto recreate more

saltmarsh to provide a ternative habitats for

wr dlife, to act as a buffer zone against the

larger waves, and as storage for surp us water

during storm surges or as the mean high-tide

level rises.The most amb jtious and expensive

project (f 12 mlLlion) is being undertaken by

the RSPB, which intends to break the sea walls

(Flgure 6.74) around Wallasea ls and, near

Southend, changing 730 ha offarmland back

into a mosaic of saltmarsh, creeks and mud-

flats although these wlll only be covered by

50 cm of water at high tide.

rsh

19,

ss i-

)y

Y

A new bank is built well back using soil dug
out to create lagoons.
A hole is made in the old wall, allowing the
sea in.

Saltmarsh grows in between the banks,
soaking up wave energy and creating a

habitat for wildlife.

Íi9uT6:74

Breaching ofan old sea

wall to create a saltmarsh

,at ,r',/ ,/ ,/
,/ rz/ sea 7/7
/t a/ ,/

The old sea wall
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a Study the photograph in Figure 6.75 and answer the
following questions.

i Describe the materialfound between the two stacKs.
(3 marks)

ii Describe the beach materialfound in the foreground of
the photograph. B marks)

d Marine erosion is concentrated at the base of a cliff.
Suggest two ways in which the rest of the cliff is eroded.

(5 markl

a Making good useof diagrams, describetwo landformsthat
may be found on a beach. 6marls)

b Why are large stones and boulders found at the back of abeach? H markl
c Making good use oídiagrams, exp|ain how sand ano

other material is moved along a beach by the action of

iii Describe the main stacr.
b How is a feature like this stack formed?

Marsden Rock (Figure 6.75), have.
Suggest a reason for this difference

c Some cliffcoastlines, such as Old Harry Rock near Swanage
(Figure6.21, page 152), have no beach while others, sucn as

(4 marks)

(6marks)

(4marks)

Figure 6.75

(5 markl
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4 a What is meant by each of the following terms used in relation
to the effects ofwaves on a coastline:
i abrasion (sometimes called corrasion)

d Why are shingle beaches steeper, on average, than sandybeaches? - g markl
e How and why may human activity change this marjne

transport process? (5 marks)

a Making good use of annotated diagrams, explain the
process of |ongshore driít. 6 markl

b i Study Figure 6.23 (page 153). Suggest, with reasons,
the direction of longshore drift on this .oura"l.;o*,,

ii Why were the sea defences put along this shoreline?
(6markl

iii What effect would you expect there to be further
down the coast as a result of the building of these sea
defences? Explain youranswer. 6markl

c Choose one landform created by marine deposition.
Describe the size and shape ofthe landform and suggest
how marine depositíon has he|ped to create it. (5 markl

* 6 s é * ď s 6 & 6 a 4 6 s ó * 6 s 9 é 9 & * $ s 9 * 6 * 6 4 6 s e ě { *...

ii one other mechanism could cause sea_level cnange.

c choose one landform that has been created bv or 
0 markl

significantly changed by a fall in sea-level.
Describethe landform and explain the role of sea_rever
change in its formation. (7 marks)

wave5.

a Study Figure 6.25 on page 154.

Why has saltmarsh formed at H?
b Explain the meaning of:

i dominantwind
ii embryo dune.

ii attrition

iii hydrauIic actíon? (6 marks)
b Explain how the processes identified in a cause a cliffto

change its shape (6 marks)
Study Figure 6.17 (page t 5O).

i Describe and suggest reasons for the shape ofthe cliff
shown in the photograph. (6marks)

Choose one landform that has been created or chanqed
signíficant|y by a rise in sea-|eve|. Describe the Iandfoim and
exp|ain the ro|e of sea.|eve| change in ítsformation. (7 marks)

ii Although there are houses on top of this cliff it has oeen
decided not to attempt to protect this coastline.
Suggest two reasons for this decision. (7 marks)

a Explain theterms'eustatic,and,isostatic'used when studying
sea-level change. Unarl;s)

b Explain how:

i an ice age

c Exp|aín howsand dunes gothrough a seriesof stages
from the appearance of berms to the formation of"grey
(or mature) dunes. fi 5 narkl

(6marL,l

(4markl
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a On a coastline with cliffs, deposition can cause the shape
of the coastline to change. Suggest where there will be
deoosition on such a coastline and the reasons for
deposition there. (10 marks)

b i Study Figure 6.7S.Draw an annotated diagram to
identiý the main features of the landform in the
photograph. (5 marks)

With reference to evidence from the photograph,
explain how marine processes may have created
this landform (10 marks)

8 a With referencetooneormoreexamplesofcliffcoastlines,
explain how marine and sub-aerial processes have
combined to shape the cliffs. (12 marks)

b i ldentify and describe two ways in which people
can manage the erosion of a cliff foot. (6 marks)

ii Evaluate the success ofone ofthese manaqement
strategies. (7 marks)

9 a Choose two of the following micro-morphological features of
a beach: berm; beach cusps; ridge and runnels; longshore bar.

For each feature that you have chosen:

i Making use of annotated diagrams, describe its shape

at6$eaaa

b Describe one way in which the people prepare to face
marine hazards and evaluate their success when the
oanger occurs

|2 a Usíng an examp|e from your studies, exp|ain why a

particular coastal management scheme was felt to be
necessary.

(6marks)

Describe the planning and decision-making process
involved in the creation of the management plan for
the area (6 marks)

c Outline the plan and suggest why the changes outlined
should overcome the identified problem/s. (6 marks)

d Evaluatethe successofthe project. (7 marks)

I 3 Study the sand dune area in Figure 6.76.

a i ldentify and locate one feature of the photograph
which indicates that this area is popular with people.

Explain how it shows the presence of people. (4 marks)

ii Explain one piece of evidence from the photograph
which shows that this popularity is causing damage
to the environment. (4marks)

b i Suggest one possible effect of the environmental
damaqe caused in this area (7 marks)

ii Exolain how conservation work could overcome the
damage done to this sand dune belt. (l0marks)

Ý.9 & 9 ř *á**9 e * s 6 o * 6 *. & 6. ý 6 t &. é.*t. 
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17 Discuss the arguments for and against the managed retreat of
paÍts ofthe coast|ine in the UK. EvaIuate the strength ofthese
arguments as they apply to one or more areas that you have
studied. (25 marks)

18 'Coastal sand dunes form some of the most important defences
against the sea, so every effort should be made to conserve and
strengthen our dune systems.'

Evaluate this statement. (25 marks)

and location on a beach.

ii Explain how it is formed.

(6marks)

(l0marks)

b What effect do storm waves have on a beach profile? (9 marks)

c Describe one method you could use to survey the profile
ofa beach. (5 marks)

'10 a Using an annotated diagram only, explain the process by
which beach material is moved along the coastline. (5 marks)

b Choose one landform that is created when beach
material is deoosited. Name and describe the landform.

Explain the processes by which the landform is created.
(10 marks)

c Why do people try to reduce the movement of beach
material on some coastlines? Suggest and explain two
methods for reducing such movement. (10 marks)

11 a Using your own case studies, choose two examples of hazards
that occur on marine coasts. For each hazard:

i |dentiýthe hazard and its |ocation. (2 marks)

ii Explain how the action ofthe sea leads to danger on
the coast. (12 marks)

F:ŤY ry:Ť5}i::::::*yŤ' " . * * s é * & 3 & 6 * t s 4 & * ! r, 5

í4 ,The interface between the sea and the |and is an area of conf|ict in

nature and for peoplelUsing examples, explain this statement.
Q5 marks)

15 Dlscuss possiblecauses offuturechanges in sea-level and explain
howthese changes might produce both short-term and long-term
effects on the physical and human environment. (25 marks)

16 Chooseonesystem of coastal classification. Describeand explain
the principles on which it is based and, making use of examples,
describe some of the problems of applying your classification
svstem to cover all coastal areas. (25 marks)

coasts 177


