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Storm Frequency Winter 1971 -~ 18 Summer 1971 =~ 6
Winter 1972 -~ 14 Summer 1972 -~ 10

(A storm is defined as more than two consecutive days at
Force 4 - this is based on data from an inland station -
Coltishall - and is therefore equivalent to at least Force 5
on the coast)., Figure 47 shows the ground water levelé in
the chalk at Upper Sheringham and Bacton, these reflect the
balance between rainfall and evaporation -~ thus giving a
high level in winter and a low level in summer. This will
also influence the water levels in the cliffs.

Thus to summarise this section, the mechanisms of the
landslides have been considered, and the short term causes
that trigger off these slides has been found to differ
between the sites. The data have indicated that the long
term cause of erosion is wave action, however, it is very
difficult to actually prove this. Finally a seasonal
fluctuation has been demonstrated, but the variation between
the two years totals emphasises the total inability to

predict this process in anything but very general terms.

(2) MUDFLOWS

Hutchinson (1968) defines mudflows as a sub-group of
translational slides, they are glacier-like in form, with
'surface slopes ranging from 1o to 25° and normally consist
of poorly sorted weathered rock debris in a soft clayey
matrix. Mudflows have been described in Northern Ireland
by Prior et. al. (1968) and on the north Kent coast by
Hutchinson (1970). The Norfolk mudflows are similar to
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these in form in that they consist of threc distinct
morphological elements - a source area which is usually
corrie shaped, a flow track and a devositional area. The
source area of the Norfolk mudflows is very well defined in
that the backwall of the 'corrie' is near vertical and the
'corrie!' floor has a very slight slope of betwecn 1° ana 50.
The average slope of the flow track is 150, this is
terminated by the depositional lobe which is formed on the
beach and is removed by wave action.

However, the Norfolk mudflows differ from these
described in the literature, in that they only occur at
points where streams issue from the cliffs, and it will be
suggested later that streams are important in the formation
of these mudflows. The streams usually emerge at the
junction of the backwall and the 'corrie' floor, flow across
the surface of the 'corrie', down the flow track and onto
the beach. Although occasionally they emerge higher up and
flow down the backwall. These features may be described as
confined mudflows and are at least semi~permanent in that
they may exist for as long as iO - 20 years. Temporary
unconfined mudflows also occur, these are restricted to the
winter months and may cover the entire slope profile with a
thin mud skin. Emphasis here will be placed on the confined
mudflows - on their form, movement and properties - which
will then be used to suggest their formation and development
over time. Temporary unccenfined nmudflows also occur in
Holderness and Suffolk in winter, however, confined nudflows
do not occur in these two areas - since as previously stuted
there are no underground streams emerging in the cliffs

there.
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FPive mudflows were monitored -~ one at Sheringham,
three at Overstrand and one at Mundesley. (For detailed
location, size, measurement techniques and data see
Appendix 3B, Photographs 4 and 9 show two of these mudflows).
The movement was measured with nails which were placed in
the flow and their position was determined by reference to
stable markers on either side of the mudflow. (The “ |
accuracy was only within : 3cm). The data show that there
are two classes of movement -~ a slow continuous creep -
ranging from ,008m/day to 1llm/day, and an in-frequent but
very rapid surge movement with a speed of about 30m/minute.
The frequency of the surge movements varied with the
activity of the mudflow - two of the Overstrand mudflows
showing no surges, whereas the third had 20 surges a year,
while the Sheringham and Mundesley mudflows each had one
surge a year.

There was no direct correlation between the slow
movement and rainfall - probably the measurement technique
was not accurate enough to show this - if it exists? The
mudflows must all rest on perched water tables since they
all have streams emerging. Some of the mudflows show a
marked seasonal fluctuation - in summer the high evaporation
results in surface drying and almost complete cessation of
movement.

The streams that emerge near the backwall result in
spring sapping and undermining of the backwall, this leads
eventualiy to collapse and the material falls onto the
tcorrie' surface. This may result in an immediate surge of
material down the flow track and onto the beach, however

sometimes a time lag of one to three weeks occurs.,

Obviously this will depend on the actual weight of the
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Photograph 9 A mudflow at Mundesley.

April 1971
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falling materizl and the pore water pressure within the
mud in the 'corrie'. Hutchinson and Bhandari (1971) using
electrical piezometers, have illustrated this mechanism, and
used it to explain how mud can g¢till slide on slopes
considerably flatter than that corresponding to the
limiting equilibrium for residual shear strength. For the
undrained loading at the rear part of the mudslide will
result in a forward thrust, and a surge of material out onto
the beach.

Obviously there is unlikely to be any correspondence
in the timing of these surge movements between the five
mudflows, since these are dependent on the local conditions
within the particular mudflow. Thus each mudflow represents
a separate sub-system, and as regards temporal variation, it
is not very meaningful to generalise among them.

As with the landslides, the accumulation zone of the
mudflows is very quickly removed by wave action - usually
within two weeks. Fér instance a large mud deposit which
spilled onto the beach below the Overstrand C mudflow on

3; and was completely removed

20.1.71, had a volume of 500m
within ten days. The mudflbw deposits are less compacted
than the landslides, and so, provided the waves can reach
the cliff base, the material will be removed very rapidly.
For the mudflow deposits, partly because of their high water
content, have very low shear strengths - ranging from
0.2 to 1.5 tons/mz. (These were measured using a hand shear
vane - see Appendix 3B). These values of course, refer to
the clay matrix - not to the blocks contained within that
matrix.

The mudflows were sampled in order to determine their

composition. (See Appendix 3B for method and data), This
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showed an average mud (.002mm) percentage of 43%, this lies

between the mudflows described by Prior et.al. (1968) which
had more than 3%0%, and those described by Hutchinson (1970)
which had 67sk. The fact that the mud: sand/gravel ratio is
very similar for all the mudflows - 43:57, and that it
closely corresponds to the average value for the entire
cliffs - 40: 60 (see Chapter 2) indicates that the location
of these mudflows is not controlled by cliff composition,
but some other factor - most probably the underground streams.
The moisture content of the mudflows was measured,
firstly to determiﬁe whether there was any significant
difference between the various mudflows, and secondly to test
whether there was any variation over time. Appendix 3B gives
the methods, and Tables 71,72 give the data and statistical
tests. As regards the first aim there was no significant
difference between the mudflows ~ the mean moisture content
ranged from 22 to 27% - although only four of the five
mudflows were sampled'here. Then all five mudflows were
sampled at approximately weekly intervals for a period of
two months. Application of the Chi Square Test showed that
there was no significant difference between the moisture
contents over time. These results were as expected - for as
stated earlier, these mudflows only exist where streams
energe, thus the water content of a given material would be
the same at the different sites, and would not vary over time.
The mudflows described by Prior et.al. (1968) had moisture
contents between 30 and 60%, while those described by
Hutchinson (1970) ranged from 18 to 49¢%. Thus the Norfolk

mudflows compare reasonably well with thesec,
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In order to understand the formution and development

of these mudflows, one particular onc - Overstrand C was
selected for detailed study, see Photograph 4. (This onc was
chosen since it was very large and very active). Figure 48
gives the lithology here and also cliff profiles in
1962 and 1971. (The 1962 profile has been drawn from an old
aerial prhotograph). Photograph 4 shows the mudflow in 1971,
and an aerial Photograph taken in 1962 (refecrence
aerofilms A106659) shows the site of this mudflow occupied
by an old rotational slip. It is suggested that a stream
emerging at the junction of the Upper Sands and Till (about
1m above the top of the backwall) has, over time, worked
down through the till to the 'corrie' base - a depth of 30m.
Thus the drainage from the surrounding cliff will be towards
the stream, so leaving relatively dry bluffs on either side =~
which give the mudflow the characteristic 'corrie' form.

The suggested formation is borne out by the fact that
a similar feature is developing 100m to the west, and at
present the 'corrie' base of this mudflow is at the top of
the till layer (at a height of 45m). However, this idea
implies that material must be incorporated into the mudflow
from the base of the 'corrie'., Hutchinson (1970) has
described this process on the north Kent coast as basal
incorporation, and attributes it to the higher water coantent
in the top few mm of the in-situ mud - which results in
swelling and softening of the mud, thus facilitating its
incorporation into the mudflow. He calculates the importance
of this process and of backwall supply by using a simple model
based on the area of the backwall and the 'corrie' - +this
shows basal incorporation supplies 25%, and slides ang

falls = 75% of the total input.
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This idea was tested on this nudflow by measuring the

inputs and outputs over one year. The inputs were mcasurcd
by placing stakes near the edge of the backwall, thus using
the edge retreat and the height of the backwall, the volume
of the inputs could be calculated. The output was obtaincd

by measuring the mudflow accunulations on the beach plus the
volume removed in suspension by the stream - see next section.
(The data is given in Tables 73,74). These figures show an

3, and the measured input from the backwall

output of 14,000m
was 8,OOOm3. The level of the mudflow surface was measured
(see Appendix 3B), this showed a lowering of 0.7m over a
two month period, hence giving 4.2m yr“l, which if
multiplied by the area of the 'corrie', gives a loss of
3,600m3. Thus thig gives a total input to the 'corrie!' of
11,600m3, which, considering the accuracy of measurement,
corresponds quite closely to the output of 14,OOOm3. These
figures compare reasonably well with the Hutchinson (1970)
model, for here the backwall supply makes up 66% of the
input (as against 75% in the model).

This budget shows a lowering of 4m yr—l, and since
the height of the backwall is 30m, the age of the mudflow is
approximately seven years, assuming a uniform lowering rate.
This fits in fairly well with photographic evidence. These
mudflows may be regarded as permanent features over steady
state time, but only as temporary features over graded time
for eventually as the backwall becomes higher and steeper
another rotational landslide will ocecur. Thus this sub-group
of landslides, although important in exblaining nuch of the
form variation in the cliff profile in gtcady state time,
becomes indistinguishable as a separate type of landslide

over graded time.



(3) VATIR FROSTON

In contrast to the intermittent naturc of the
landslides, water erosion is a continuvous mechanism that
transports material from the cliffs to the beach and
offshore zone. The relative importance was illustrated in
the previous sectidn by the output of the Overstrand C
mudflow, where 70% of the total output was carried in
suspension by the stream. However, as regards the volume
supplied to the beach, these small streams can never cqual
the volumes supplied by the large rotational landslides.

The discharge of the streams at each site was measured
weekly. At Weybourne there are no sireams, at Sheringhanm
the only stream is the one associated with the mudflow there -
the same with the liundesley site, but at the Overstrand site
there are far more stireams - approximately ten, and of these
four were measured -~ all of which were associated with
mudflows. Samples were also collected and the suspended
sediment was measured - see Appendix 3C for the methods and
data. Thus using these measurements the volume removed from
the cliffs by suspension in these streams was calculated.

Taking the Overstrand site only, since this is the
most important as regards this process, there is no direct
correlation between rainfall and the voluwne removed in
suspension., Nor 1is there any correlation between the
suspended volume and the stream discharge - discharge values
being extremely uniform in comparison to suspension values -
Standard Deviation of Overstrand C Discharge (1971) = 1.2
Standard Deviation of Overstrand C Susvended Sediment
(1971) = 874.0

(see Takle 77 for data).
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Thus this would suggest that the volume removed in suspension
must be controlled by the internal conditions within the
mudflow. This is borne out by the extreme variation in

sugspension volumes between the different streams - ranging
3

from lm3 to 3,000m” in two months, the very high values being
associated with the active mudflows - such as Overstrand C.
For obviously when the mudflow is very active the stream
will be heavily charged with material. However, this is only
a simplified explanation for the correlation between monthly
values of suspension output and mudflow output from the one
mudflow (Overstrand C) is not significant. This is probably
due to the fact that measurements were only made once a week,
and probably continuous recording would be necessary to
illustrate this relationship. Thus it would appear that the
factors controlling the suspended volume of the streams are
complex and relate to the changing conditions within the
mudflows. Further and more detailed data are required to
establish these controlling factors.

On reaching the beach the streams flow across it or
through it - depending on the height of the water table.
Thus the suspended material is lost to the offshore system
almost immediately. Occasionally, if the streams are very
heavily charged with sediment, small flat alluvial cones
form at the junction of the cliffs and beach, these are
removed by the next high tide provided it reaches the cliff
base. Thus these streams represent extremely efficient
transport mechanisms by which material is removed from the

*

cliffs to the offshore gzone.
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(4) WIND EROSION

This is again a continuous process, but its effect is
often masked by the over-riding importance of.other
mechanisms such as landslides. However, at the Sheringham
site, where there are a number  of sand basins in the cliff
(see Chapter 1), the process becomes more important. This
process operates all year, but is morc important in the
gunner since the cliffs are drier then due to higher
evaporation, and also landslides are less frequent so the
wind erosion process appears to dominate the system.

The eroded material accumulates to form sand fans
banked up against the cliff face (see Photograph 10). 1In
summer these may have a maximum height of 8m, and project
6m from the cliff base, and extend continuously along one
sand basin - a distance of up to 100m. However, as the
height increases the growth decreases since the cliff face
is no longer exposed; and so storm waves, which are more
frequent in winter, are essential to remove these
accunulations so that the procéss may continue. For ingtance
one sand basin near West Runton (G.R. 18143%4) lost 4,OOOm5
of sand between January and October 1972, this formed a
huge fan which extended 90m along the cliff, and was
completely removed by a storm in October 1972 ~ thus leaving
the cliff face re-exposed.

So at this one site, mainly because of the particular
stratigraphy here, large volumes are removed by wind crosicn.
However, apart from this site, the process is not important
as a means of removing material from the cliff system. This
was checked by measuring stake exposure at the Sundesley site

over two years. This showed that over the 100m long site
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Photograph 10 Sand fan accumulation at the cliff base

at West Runton,

August 1972
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the losg was only 4m3 yr_l over the whole cliff facec.

These four processes represent mechanisme by which
naterial nmoves from the cliff face to the beach. However,
it is important to stress here that unless the material is
removed from the beach by wave energy, then these proccesses
could not continue to operate. Yet wave energy does not only
act as a removal agent, for during storms and especially
storm surges (see Chapter 4) waves may actually erode the
in situ material. Thus the mass movement processes and the
wave energy processes work together to provide an extremely
efficient erosion system. Yet it is impossible to try and
estimate the relative importance of the two mechanisms in any
gquantitative sense in the field - this might only be achieved
by building a hardware model. However, it is possible to
rank the four mass movement mechanisms in order of their

importance, and this has been done in the next chapter.



131

CHAPTER 4

TIME CONCEPTS

The aim of this chapter is to consider the system in
steady state time using the data collected from two years
field work, and to compare this with the graded time rates
which were obtained from map data. The application of a
steady state condition is somewhat difficult with this system
for a number of different processes work together to give a
retreat rate. Thus here the concept of dynamic equilibrium
appears to fit both time spans. The importance of the time
scale is further stressed by ap?lying Wolman and Miller's
(1960) concept of magnitude and frequency in order to deternine
whether, in this system, the single catastrophic event is
more important than the moderate event in terms of work done.
This will be used 1o explain the variation in retreat rate
between the two years, and further to consgsider the rcelative

importance of the separate mass wovement mechanisms in this
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light. PFinally a multiple correlation model will be used
to try and .account for the short term temporal variation in

retreat rate, and to try and establish the causes of erosion.

SHORT TERM AND LONG TERM SYSTEM CHANGES

The total volume lost from the system was measured af
four sites over 1971 and 1972. 1In actual fact the data from
the Mundesley site have to be discounted - since present day
sea defences and associated beach build up prevent wave
energy reaching the cliff bése, so here the only erosion is
due to subaerial weathering, and since there are very few
streams here present day retreat is minimal. The figures
below show for each site the volume lost per 100m, and from
this a retreat rate, whereby site length has been

standardised, has been calculated.

Site Volume per 100m ﬁmé) Retreat rate m yr—l

1971 1972 1971 1972
Weybourne 25 13 0.010 0.005
Sheringham 2,166 1,140 0.903 0.475
Overstrand 13,624 4,540 2,693 0.898
Mundesley 10 133 0.004 0.053

In the case of Weybourne and Sheringham the 1971 rate is
twice the 1972 value, and for Overstrand the 1971 value is
three times greater., These figures also illustrate the
spatial variation - this cannot be attributed to any one
factor, but in Chapter 5 a multivariate model will be used

to account for this diversity.
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Before any attempt is made to explain the temporal
variation between 1971 and 1972, the mean value for these
two years will be compared with the 80 year mean value,
Tables 78,79 show the data. In some cases extrapolation
was necessary as regards the 1971/1972 values, for instance
the Overstrand site data were used to estimate the rate between
Overstrand and Mundesley, so too the Weybourne site da%a were
used as a basis for the cliffs between Weybourne and
Sheringham. The estimate of retreat between West Runton and
Overstrand was based partly on intermittent field work and
on cliff edge meésurements made during 1971 and 1972 (see
Chapter 5). The generalised totals are summarised below for

the cliffs between Weybourne and Mundesley:-

Volume lost 1971 1,400,000m”
Volume lost 1972 300,000m°
Mean volume lost 1971/1972 800,000m°
Mean volume lost over 80 years 7OO,OOOm3

The mean present day value and the 80 year average value
compare remarkably well considering the accuracy and
extrapolation invblved.

The close correlation between these two values may
indicate that dynamic equilibrium exists during all time
spans in this system - except cyclic time., A steady state
condition would imply a uniform retreat rate and this is
never likely to be attained - see Table 80 which shows the
variation in volume lost at Overstrand over one year., As
Schumm and Lichty (1965) say - only over short time spans

and small areas may steady state be maintained and that the
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concept is not applicable to an entire drainage basin, so

it is not likely to refer to a cliff face undergoing

numerous mass movement processes - gome of which are of an
intermittent nature. A more neaningful approach with this
system may be to try and define ranges of dynamic equilibrium -

for instance over the 10 yr—ltime scale Norfolk shows a

1 1

range of 1lm yr -, and over the 10 yr2 the range is O.1lm yr —,
(see Pigure 49). The lower scale of 10 yr'"2 may be
disregarded here since this involves monthly and seasonal
effects which are not relevant here. Thus it may be that a
distinction between ranges of dynamic equilibrium may be
more applicable to geomorphology than the use of a somewhat
hypothetical steady state condition.

This extreme short term range in dynamic equilibrium
may be explained by the occurrence of a storm surge on
21st - 22nd November, 1971. This resulted, not only in a
high retreat rate fo; 1971, but also a low retreat rate
during 1972 since the material that accumulated on the beach
provided some protection to the cliff base - for between one
and four months. Thus here a negative feedback system
operates which ensures that the 2 year mean value is within
the same range as the 80 year mean value.

Storm surges are caused by abnormal weather conditions
which cause exceptionally high water levéls for short
periods. If this co-incides with storm wave conditions ard
high spring tides, then coastal erosion will be severe. The
famous 195% surge was caused by an intense depression which
moved south east across the North Sea, this was accompaniecd
by gale force northerly winds which resulted in an influx
of water and raised the general level of ihe Worth Sea

by 60cm. The surge height was 2.5m above the predicted
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level at Yarmouth., Thus the very high water level and the

storm waves, which were estimated at 6m in the southern
North Sea - King (1972), resulted in widespread flooding
and coastal erosion., However, it is very difficult to obtain
an accurate estimate of the amount of cliff erosion that
resulted. Various people such as Williams (1956) record
cliffs retreating between 10 and %0m overnight. However,
these estimates refer only to isolated points and so are not
very meaningful, and there are no records cf the volume lost
over a length of cliffed coastline. Hume and Schalk (1967)
show that along the Alaska coast near Point Barrow a stornm
surge in 1963 resulted in a net transport of beach material
equivalent to 20 years normal transport.

In the North Sea major surges have a frequency interval
of between 20 ahd 100 years, Lamb (1970) has predicted that
they may become more frequent in the next century. However,
it is only when these events co-incide with high tide that
they are important as regards cliff erosion. This was the
case with the surge of November 1971, when high tide was
1m above the predicted level at Yarmouth. The winds
associated with this depression were from the north west
(21.11.71. - 270°, 22.11.71. - 3300), and the fetch is limited
in this direction (see Chapter 2); so the waves were not as
high as during the 1953 event - the estimated height at
Yarmouth on 22.11.71l. was 3m, In fact, along the Suffolk
cliffs the wind direction was offshore, and this partly
accounts for why these cliffs did not suffer any damage -
the wave energy was expended on the beaches which were
severely eroded (Craig Smith (personal communication) showed
an average loss of 22m3 per metre length of coast in Sulffolk).

Thus only in a few places did the waves even reach the
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cliff base. Another reason accounting for this, is the fact

that this coast is now almost completely defended.

However, in Norfolk, north west winds are onshore and
here the damage was severe, The whole cliff length was
measured in the three days after the surge, and 2l1ll the new
fglls and landslides were recorded. Alonz some stretches,
particularly between Overstrand and Mundesley, the whole of
the cliff base was fronted by debris. The surge also removed
the remains of the old landslides, however it was not possible
to make any estimate of this. Thus the figure obtained
represents erosion due to storm wave action. The total
volume brought down by the surge was 154,150m”, Table 81
shows the volume lost over each section of coast. This only
represents 11% of the total volume of 1971, thus it may be
argued that the 1971 retreat rate would have been greater in
any case. However, as previously mentioned, the accumulation
of this debris at the cliff base resulted in a lower retreat
rate for 1972. So the fact remains that 11% of the volume
loss for one year was the result of one storm.

As Table 81 shows, the 7.5km length of cliff between
Overstrand and Mundesley retreated O.4m as a result of that
one storm. The second highest retreat was between Sheringham
and West Runton - 0.14m., These two sections were the most
severely affected. The Sheringham to VWest Runton stretch
adjoins a sea wall to the west, and part of the erosion here
may have been due to a 'terminal sea defence works effect' -
King (1972), wave energy and scour being concentrated at the
end of this wall. PFor the cliffs to the east of West Runtcn
show a retreat rate due to the surge that is ten times less.
It is interesting that the greatest damage was done to the

cliffs between Overstrand and Lundesley, lfor this is the
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section where it has often been suggested that stream
discharge is the major erosive agent, however, as previously
indicated, this cannot be the case, in the long term at any
rate.

The 1953 surge may be regarded as a rare event of
catastrophic magnitude, and the 1971 surge also falls into
this category. For although surges have a recurrence " |
interval of approximately 2 years, they have to coincide with
a high spring tide to be termed catastrophic. Thus the data
here agree with Wolman and Miller's (1960) concept that it
is the frequent events of moderate magnitude that carry out
most of the work - a frequent event occurs at least once a
year, in the system here moderate storms occur between five
and ten times a year., Storm surges may differ from the
other more frequent storms in the nature of the work they
do - although it is very difficult to assess this in
anything but qualitative terms. For the smaller storms act
mainly to remove the debris that accumulates by mass movement
processes, whereas with the surges the water level is raised,
and the waves reach higher up the c¢liffs and this may result
in the erosion of the in situ material. This was certainly
the case with the very low cliffs at Covehithe that
Williams (1956) describes during the 1953 surge. Thus as
regards retreat rate, storm surges have a catastrophic
influence in the short term (one year) but over two or three
years their effect is diminished because of the negative
feedback system that operates. So here, as with other
geomorphic systems, 4t is the moderate event of frequent
(nmore than one pér year) magnitude that is the most important

as regards work done in the landscape - in this case the

moderate storm occurring between 1 and 10 times a year.
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- If the spatial and temporal scales are further reduced
to one site and one month, then it is possible to determine
the relative importance of the mass movement processes. Thus,
on this scale the landslides represent the catastrophic
evénts, and water and wind erosion become the more frequent
moderate events. Tables 82-85 show the process breakdown
for 1971 and 1972 for all four sites. At Sheringham there
are two main processes - landslides and wind erosion. In
each year landslides contribute more than half the total
volume, this is of course more marked in 1971 because of the
surge. The data also show that landslides are more
important in winter (November to April) and that wind erosion
is most important in summer - as was predicted in the
previous chapter. At Overstrand the situation is similar,
in that landslides are the most important mechanism, then in
order of importance come water erosion énd finally mudflows.
The total volumes contributed by water erosion and mudflows
are similar for both years, both mechanisms are more
important in winter than in summer. At Weybourne the only
mechanism is that of landslides, and even at the Mundesley
site, the data for 1972 show that small slides were

dominant. The data are summarised below:-

Site Landslides Mudflows Wind Erosion Water Erosion
(%) (%) (%) (%)
Weybourne 100 - - -
Sheringhan T2 - : 28 -
Overstrand 13 T - 20

Mundesley 86 - 5 9
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T"his shows that landslides are the most important

process al all four sites, the ranking of the other
mechanisms is dependent upon site characteristics. Thus over
the short time and space scales, it is the catactrophic event
that dominates the system. Here the greater magnitudce of the
catastrophic event (landslide) easily makes up for the lower
frequency, and so contrasts with the countinuous process such
as water erosion, whereby the greater frequency cannot
compensate for the lower magnitude.

Thus this system indicates that Wolman and Miller's (1960)
concept of magnitude and frequency is also dependent on scale.
For over the short time scale (1 year) the catastirophic event
is more important in terms of mass movement at each site,
similarly the storm surge has an over-riding influence on the
volume of the entire system for one year. Yet over the time
scéle of 100 years, the mass movement mechanisms cease to be

of importance individually, and at this scale it is the

moderate event (storm) that carries out most of the erosion.

EXPLANATION OF THE SHORT TERY VARIATION - MULTIPLE
CORR=ZLATION LODEL

Many geomorphic systems change so slowly that it is
necessary to employ the ergodic hypothesis whereby space is
substituted for time - Melton (1958). However, many coastal
systems, including this system and in particular beach systems,
have a much faster rate of change than other geonmorphic
systems - such as fluvial and slope systems. Hence, in this
case, it is possible to measure directly the system changes
over time (2 years), and so to build an explanatory model

without recourse to the substitution of space for time.



141

Thus a multiple correlation model was set up, the aim
of which was to determine whether wave energy variables or
weather (rainfall) variables were more important in
explaining the temporal variation in retreat rate. It was
then hoped to deduce from this, the main cause(s) of cliff
retreat. However; cause and effect analysis is fraught with
problems - both methodological and philosophical, and‘when
employing this mode of explanation it is important to bear
these in mind. Blalock (1964) admits that in non-experimental
research, causal thinking belongs completely to the
theoretical level - for if a change in Y is observed to
follow a change in X, it is never possible to tell
empirically that X produced the change in Y, yet it is this
idea that forms the basis of causality. Thus the basic
defect with the model used here is that correlation
coefficients are used to indicate causality, yet this,
although defective on a philosophical level, is
methodologically unavoidable., Once again it becomes a case
of using the scientific tools that are available at the time -
however, it is possible to make this mode of explanation
less rigid by placing it in probability terms and utilising
the multivariate approach of causes rather than a single
cause.

Obviously, with this system, the best method would be
to use yeérly data, however, data for only two years are
available, and since at least a 10 year record_would be
needed if yearly totals were used, it was decided to use
monthly data over the two years. The monthly values of
retreat are not és meaningful as the yearly totals in this

model, for since retreat is such an intermittent process -

time lags may result, whereby retreat recorded in one month
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may partly be the result of an evént that occurred in the
previous month. (A good example of this was the storm surge
of November 1971). This argument would also apply to some
extent when using yearly totals, however, it would only be
of minimal importance in view of the speed at which the
system changes. .

The data for the Sheringham and Overstrand sites were
used, since these were the only sites where two years data
had been collected. For each site a mean retreat rate value
was obtained for each month by averaging 1971 and 1972, and
then the two sites were averaged. The weather variables
consisted of rainfall, which was obtained from Cromer, and
relative humidity, which was measured at Gorleston
. Meteorological Station. These were also averaged for each
‘month over the two years. Three indicators of wave energy
were used:~ firstly wave energy as measured by the Vollbrecht
method (see Chapter 2), secondly high tide mark at the cliff
base frequency as determined in Chapter 3%, and lastly storm
frequency, which was weighted according to intensity. The
calculation and data listing for the dependent and five
independent variables are given in Tables 86-92, Appendix 4C.

Then each independent variable was correlated against
the mean retreat rate for the two years. The results are

given below:-

Retreat Rate and Storm Frequency r +0.7127
Retreat Rate and Rainfall r = +0.,5928
Retreat Rate and High Tide Mark Frequency r = +O.3895
Retreat Rate and Relative Humidity r = +0,0947

Retreat Rate and VWave Energy r = -0,1115
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All the corrclations show the expected trend cxcept wave

energy. However, this variable correlates positively with
retreat rate‘(r = +0.3118) if month 11 is omitted. This is
because the storm surge of November 1971, although causing
considerable erosion, was not associated with very high wave
energy values -~ for the main wind direction was betwcen west
and north west, where the fetch is limited. Thus during the
surge, moderate storm waves coupled with the raised water
level caused the erosion, and this is not shown by the method
used here to calculate wave energy. So two other independent
variables - storm frequency and the frequency of high tide
mark reaching the cliff base will he uscd in this model as
indicators of wave energy.

Table 93 shows the correlation table for all five
variables (4 independent and 1 dependent). Then using this
table the partial correlation coefficients were calculated =-
see Table 94, and then the multiple correlation coefficients
were determined - Table 95. Pinally the significance and the
percentage of the explained variation has been calculagted -
Table 96.

This shows that storm frequency alone explains 51% of
the total temporal variation in retreat rate, and this is
gignificant at p.05. The second independent variable,
rainfall, explains an additional 12% of the variation, and
this is again significant at p.05. However, adding the other
two independent variables, high tide mark frequency andg
relative humidity, does not improve the corrclation at all.
This is obviously becauce they are highly correlated with
the first two independent variebles, and were only really

included as & check.
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Thus together, storm frequency and rainfall, explain
63% of the temporal variation in retreat rate. This does,
however, leave 37% of the variation unexplained, a small
percentage of this may be due to random variation, but
undoubtably the larger part must be due to the fact that
monthly values were used, and as explained previously time.
lags operate., Yet this model does show that storm frequency,
and thus indirectly wave energy, is the most important
variable, and may therefore be the most important cause of
the cliff retreat - over and above rainfall. This does give
the expected resﬁlt - yet the question must be raised as to
how meaningful this is, since it does include a storm surge,
which represents a catastrophic event. Thus it was decided
to test the 1972 data alone for the most important variables.

The data for 1972 alone have been set out previously in
Appendix 4C. In this multiple correlation the wave energy
variable could be used directly - so this has been substituted
for high tide mark frequency. The "two variable"

correlations are given below:=-

Retreat Rate and Storm Frequency r = +0,3283
Retreat Rate and Rainfall r = +0.,2847
Retreat Rate and Wave Energy r = +0,3556

Retreat Rate and Relative Humidity r = 40,4689

It is noticeable that when compared with the previous
multiple correlations, these coefficients are lower and there
is less range between them, These were then put into the
multiple correlation '‘model in the same order as the previous
case, the calculations are given in Tables 97-99, Appendix 4C.

This test shows that the four independent variables

together explain 62% of the temporal variation in retreat
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rate, yet this is not significant. This compares with the
previous test where only two independent variables were
required to explain 63% of the variation. The fact that
neither correlation can explain more than two thirds of the
total variation must be due tp the fact that monthly values
were used in each case, and the only way to improve tpe
correlation would be to use yearly totals over at least a
ten year period.

This model shows that storm frequency explains only
11% of the variation, and rainfall only improves the
explanation by a further 2%, Wave energy explains another
13%, but it is relative humidity that explains the remaining
36%, Although the 1972 model shows a reversal in that the
wave energy variables explain 24% of the variation and the
weather variables explain 3%8%, a ratio of 1:1.5, the
difference is not as marked as the two year average -
51% and 12% - a ratio of 4:1. Thus the 1972 model is, to
some extent, inconclusive, in that it does not show a
significant difference between the wave energy variables and
the rainfall variablés, and cannot therefore be used to prove
or dis—prove the two year model. Also it is important to
remember that although the 1972 data do not include a
catastrophic surge, this year was still influenced by the
surge because of the negative feedback which has been
previously explained. So bearing this in mind neither year
may be called repreéentative in the normal sense, |

Thus, both years used in this model, are to some
extent !'freak! yearé, yet since no other data exist, any
explanatory model must be based on these data, bearing in

mind their limitations. The two year model showed wave energy

to be far more important .than rainfall input by a factor



146
of 4:1, and one may tentatively suggest from this that wave

energy is the main cause of cliff rectreat. Thus, using this
conclusion in the next chapter, the interaction'between the
main process causing cliff erosion - wave enerpgy, and the
various form elements of the cliffs, will be examined in

order to determine the relative importance of form and

process cver time.
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CHAPTER 5

EXPLANATORY MODEL OF THE SPATTIAL VARTIATION

The aim of this chapter is to build an explanatory
model to account for the variation within unconsolidated
Quaternary cliffs. The most important variable is the scale
factor and this complicates the model in that differcnt time
and space scales have to be incorporated. Since the systenm
here is multivariate, a multiple correlation model is used -
this accounts for the explanatory power of a number of
independent variables taken together, and is a measure of
the goodness of fit of the least squares surface to the data.
with this correlation a linear-type model is being assumed,
firat one independent variable explains as much of the
variation as it can, then while controlling for the first
independent variable a second independent variable ig allowed
to explain any remaining variation. This vrocess can be

extended indefinitely.



148
The model has been divided into three spatial

scales:-

Scale 1 - 1lkm

Scale II - 30 - 60km
Scale III - 100km +

At Scale I the spatial variation within a two year period
will be explained. At the next scale the variation within
the three sites - Holderness, Norfolk and Suffolk, will be
examined individually over 100 years, and finally at the
third scale these three sites will be considered together
to provide a general model explaining spatial variation
within unconsolidated Quaternary cliffs. The second scale
will also be used to incorporate the time factoxr, in that
spatial variation over 80 years and over 2 years will be

compared. The diagram below summarises this,

Unconsolidated Quaternary Cliffs Scale III

Holderness y Norfolk - Su;golk Scale II
100 years 80 years 2 years 80 years
Retreat. Retreat, Retreat. Retreat.
1 km site Scale I
2 years
Retreat.

It is proposed to start at Scale I, and then by incorporating

more data to work towards the more general model of Scale III.
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VARIATION WITHIN SCALE 1

The Sheringham site in Norfolk (1l.5km long) was
gelected to represent this scale. This site was chosen
because detailed data over two years had been collected here,
and also theée data showed a cbnsistent aﬁd marked variation
in retreat rate. This one site was divided into six eéual
sections, and the retreat within each section was measured -
as described in Chapter 3. At this scale the geology factor
may be considered uniform since the whole site lies within
the marly drift, cliff height is also uniform, as is water
discharge - for there are no streams emerging from the cliff
face within this site. (There is one stream near the start
of the Sheringham defences - GR 17343%4 yef this is a surface
stream and flows over the top and down the cliff, not
discharging through the cliff as the streams near Overstrand).
Thus there is no variation in the form properties that can
explain the difference in retreat rate.

The process variable, wave energy, as measured by the
Vollbrecht (1966) method, does not indicate any variation
since the whole site has the same orientation. Yet another
indicator of wave energy, that is the distance between the
cliff base and high tide mark, shows a marked change from
west to east. Thus this would suggest that wave refraction,
due either to the offshore banks or to the nearshore chalk
platform, results in'varying amounts of energy reaching the
‘cliffs along this site, The other wave energy variables,
beach and offshore sﬁeepness, have not been measured at close

enough intervals to be used at this scale.
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Hence the variation in retreat rate within this one

site must be related solely to the wave energy reaching the
cliffs. So these two variables, retreat rate and the
distance from the cliff base to high tide mark, were
correlated. The distance between the cliff base and high
tide mark was measured at each of these six sections every
week, and the mean distance for 1971 and 1§72 was calculated -
see Table 100. This was then correlated with the mean
retreat rate for 1971 and 1972 for each section, and
r = -0.54, that is the greater the distance between the cliff
base and high tide mark the lower the retreat rate., However,
this co-efficient is not significant for only six points, yet
it does explain 30% of the variation, The correlation may
be improved if just the volume lost due to landslides
(see Table 100) is correlated with the high tide mark
Qariable, thus r = -0.72, which although not significant
does explain 52% of the variation. (With this last
correlation the volume supplied by wind erosion has been omitted,
whether this is wvalid is questionable; yet it may be argued
that since wind erosion only supplies 25% of the total volume
to the beach (see Chapter 4) it is reasonable to select just
the landslide volume).

Thus within 1lkm the retreat rate varies by a factor
of 10, from 0.07m yr"l to O0.7m yr'l. At this scale all
the form variables may be considered constant, and it is
the differential in wave energy input that explains most
of the variation over the short term. The fact that here
just one property explains so much of the variation will
be seen to contrast marxedly with the next scale, where
in all threc cases at least threec variables are required to

explain a similar percentage of the retreat rate variation.
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So the next stage in this model is to consider the same

system variables, but to increase both the time and space

VARTIATION WITHIN SCALE 1T

The linear relationships between retreat rate and the
independent variables were discussed in Chapter 2, so the
correlations used in this multivariate model are based on
the data presented in Appendix 2. The spatial variation
within each area is explained over graded time (102 years),

where a state of dynamic equilibrium is maintained - as

previously stated.

(1) Norfolk

Eight independent variables were measured in Norfolk
and they were all individually correlated with retreat rate.
However, as previously mentioned, some of these variables
essentially measure the same property as was confirmed by
their autocorrelation - see Table 101l. Hence for this reason
one form variable - slope angle, and one process variable -
beach steepness, were omitted = leaving six independent
variables. The data and the calculations of the partial and
multiple correlation coefficients and their significance is
given in Tables 102, 103. The percentage of the variation

explained is summarised below:-



Variables 152 percentase of the
Variation inxplaltuved

Retreat Rate (1) and Geology

Factor (2) 33
(1) (2) and Cliff Height (3) 40
(1) (2) (3) and Distance to

High Tide kark (4) , 56
(1) (2) (3) (4) and Water Discharge (5) 56
(1) (2) (3) (4) (5) and Wave

Energy (6) 84
(1) (2) (3) (4) (5) (6) ana

O0ffshore Steepness (7) 87

Table 103 shows that by the time six variables have been
added and 84% of the variation is explained, the correlation
is significant at p.0l. The unexplained variation (13%) may
partly be due to stochastic variation, but the larger
proportion of it can probably be attributed to the variation
in shear strength of the materials at each site. Unfortunately
this variable has not been measured largely because of time
limitations, Yet it is possible that this variable has, to
gsome extent, been included in the form properties that have
been measured. For it is usually found with these
multivariate models that the 'law of diminighing returns'
operates - in that as the percentage of the explained
variation increases, additional variables do little to
jmprove the explanation.

The Norfolk site shows that over graded time, geology
and cliff height variables explain 40% of the gpatial
variation, but that water discharge does not improve the
1evel of explanation at all = for as shown in Chapter 2,
this is already included, to some extent, in the geology
variable. It might have been expected that cliff height
would improve the explanation by more than 7%, however, as

was previously mentioned, a threshold value exists, and the
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Norfolk height data include both groups (above and
below 20m). Since these groups show opposite trends and the
coefficient here includes both groups, this would explain
why cliff height does not improve the multiple correlation
to any significant extent. Thus the form properties explain
40% of the variation, and then the procesé variables (wave
energy, distance to high tide mark and offshore steepness)

explain an additional 47% of the spatial variation in

retreat rate.

(2) Holderness

As seen in Chapter 2, four independent variables give
meaningful correlations in Holderness., These are geology,
_ecliff height, wave energy and offshore steepness, so these
were used in the multiple correlation model (see
Appendix 5B for calculations), The variation explained is

summarised below: -

Variables Percentage of the
Variation Explained
Retreat Rate (1) and Geology Factor (2) 37
(1) (2) and Cliff Height (3) 37
(1) (2) (3) and Wave Energy (4) 56
(1) (2) (3) (4) and Offshore
Steepness (5) 57

Thus here there is a similar picture to Norfolk, with
geology explaining nearly 40% and'wave energy éxplaining

" an additional 20%. The correlation is significant at p.05.
Cliff height does not improve the correlation at all here,
for as explained before - the Holderness height data are

distributed around the threshold value. Wave energy accounts
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for an additional 20% of the variation, and offshore

steepness only improves this by 196 - obviously because it

is highly correlated with wave energy. The percentage of
explained variation here is less than for Norfolk, by 30%.
This is firstly because fewer independent variables have been
included here. For although in Norfolk some of the different
variables essentially measure the same property, they may
still explain different aspects of that property - for
instance the wave energy #ariables and the distance to high
tide mark variable. They are both indicators of wave energy -
yet the first measures the potential amount that could reach
the beach if no wave refraction occurs, while the second is a
measure of the actual amount reaching the cliff base. The
second reason for the lower percentage is that the model was
initially built to explain the Norfolk data, and then extended
to Holderness and Suffolk. If the mbdel has been based
initially on the Holderness data the situation would probably
nave been reversed, for other variables might have been used

such as the effect of ord movement on cliff retreat.

(3) _Suffolk

Here again the number of independent variables is
reduced in comparison with Norfolk. For the geology factor
was not measured because of apparent uniformity, the distance
between the cliff base and high tide mark was not meaningful
because of present day sea defences, and the Vollbrecht wave
energy value did not correlate positively with retrecat rate
due to refraction by the offshore banks. Thus this left three
independent variables - cliff height, offshore steepness and

beach accretion over the past 80 years. Tables 107 - 109
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give the calculation of the Suffolk multiple correlation and

the percentage of explanation as summarised below:-

Variables Percentare of the
Variation sxplained

Retreat Rate (l) and Cliff Height (3) 38

(1) (2) and Offshore Steepness (3) 59

(1) (2) (3) and Beach Accretion (4) 64

Once again a similar picture is obtained in that a cliff

form variable, here cliff height, explains 40% of the
variation and wave energy variables explain an additional 25%.
The correlation is significanf at p.05. This correlation is
very similar to the Holderness case in that a similar amount
of the spatial variation (60%) is explained.

Thus as regards the spatial variation in retreat rate
over graded time (102 years) the three aréas are gsimilar in
that cliff form variables explain 40% of that variation, and
then wave energy variables explain an additional percentage -
between 20 and 47%, the actual amount depending on the number
of relevant independent variables included in each case, Now,
remaining within the same spatial scale (Scéle II), the Norfolk
data will be used to compare the importance of form and

2

process in graded time (10° years) with steady time

(J_O~1 years).

Spatial Variation over Graded and Steady Time

A retreat rate 6ver the 2 year period, 1971 -~ 1972,
was obtained from cliff edge measurements. The distance
from various features to the cliff edge was measurcd at
200m intervals at the end of 1970, 1971 and 1972. Thug the
retreat over the two years was calculated, these values were

related to the site positidns - see Table 110. As has been
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previously mentioned the cliffs between Mundesley and
Happisburgh have been completely protected by sea defence
works within the last 20 years, so the measurements relate
only to the cliffs between Weybourne and Mundesley (Sites
1 - 12), For this reason the 80 year multiple correlation
had to be recalculated because-there were fewer sites, and
this gave results markedly different from the previous
Norfolk multiple correlation with 16 sites. This is because
the cliffs between Mundesley and Happisburgh (Sites 13-16)
differ considerably from the rest of the Norfolk cliffs in
geology, height; water discharge and failure mechanisms - as
has been explained in Chapters 2 and 3.

Firstly the linear relationships between retreat rate
and the independent variables will.be compared for 80 years

and 2 years - the data are given below

Variables tr' (80 years) 'r' (2 years)
Retreat Rate / Geology | 0.54 0.06
Retreat Rate / Cliff Height 0.73 0.32
Retreat Rate / Water Discharge 0.58 0.64
Retreat Rate /.High Tide Mark

Variable 0.56 0.65
Retreat Rate / Beach Steepness 0.58 0.34
Retreat Rate / Offshore :

Steepness 0.69 0.14
Retreat Rate / Wave Energy 0.58 0.18

With the cliff form variables, geology and height are‘far

ﬁore important over the long term than over the short term,
whereas water dischérge is important over both time scaies.
It is to be expected that geology and height would require
a longer time span to influence retreat rate, on the other

hand water discharge is a more 'immediate' property and
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possibly a triggering mechanism for landslides, and so is

significant on‘both scales. As regards the wave energy
variables, all except the distance to high tide mark, show
a more significant correlation with retreat rate over
80 years than over 2 years. This is partly a result of the
intermittent nature of the cliff retreat, in that the
80 year mean value will be more meaningful anyway, for the
2 year mean value must include a high stochastic variation.
The high tide mark variable although important over both
time scales, is more significant over the 2 year period,
this is partly due to the fact that this property was
measured during the 2 year period, and hence relates more
closely to the retreat over this time scale.

Appendix 5C shows the multiple correlation
calculation for the 80 year mean retreat rate, and the 2 year
mean retreat rate. The 80 year mean will be dealt with first

and is summarised below:-

Variables Percentage of the
- Varigtion xxplained

Retreat Rate (1) and Cliff

Height (2) 53
(1) (2) and Offshore Steepness (3) 66
(1) (2) (3) and Wave Energy (4) 71

(1) (2) (3) (4) and Water Discharge
(5% 76

(1) (2) (3) (4) (5) and High Tide Mark

Variable (6) 82

(1) (2) (3) (4) (5) (6) and Geology
Factor (7) 82

Thus here a form variable, cliff height, explains over
50¢) of the spatial variation. The geology factor does not

improve the correlation at all, and water dischkarge
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increases the level of explanation by 5%. So here cliff

form accounts for nearly 60% of the spatial variation in
retreat rate, while wave energy variables explain the
remaining 20%. The correlation with three variables is
significant at p.0l, and the correlation with six variables
is significant at p.0%. (See Table 113%),

This may be compared with the multiple correlation for

the 2 year mean retreat rate, which is given below:-

Variables Percentage of the
—— Varigtion Explained

Retreat Rate (1) and High Tide Mark

Variable (2) 44
(1) (2) and Water Discharge (3) 55
(1) (2) (3) and Beach Stecpness (4) 56
(1) (2) (3) (4) and Cliff Height (5) 57
(1) (2) (3) (4) (5) and Wave
Energy (6) 67
(1) (2) (3) (4) (5) (6) and Geology
Factor (7) 83

In this correlation it is a wave energy variable, distance

to the high tide mark, that explains most of the spatial
variation - in contrast to the 80 year correlation where a
form variable was most important. It is interesting that

in both correlations a similar percentage of the total
variation is explained - 82 and 83, yet the actual variables
differ in importance over the different time scales. Over
the 2 year period, only the first -two variables (high tide
nark variable and water discharge) are significant - see
Pable 116, This contrasts with the 80 year period - where =t
the level of five independent variables the correlation is

gtil) significant at p.05. This is to be expected, aine
£ 5 Y ce
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over the longer time period each variable would have time to
exert its own effect and explain some of the variation.

As has been previously stated the various form variables
and process variables are highly autocorrelated, so in order
to compare the two time periods it was decided to select one
form variable and one process variable and to put these into
the model. The form variable chosen was cliff height; ané
the process variable was high tide mark distance for the
2 year mean, and offshore steepness for the 80 year mean.
High tide mafk distance is the most meaningful wave energy
variable: however, the data for this variable only apply
to the 2 year period, so for this reason offshore steepness
had to be substituted for the 80 year period. The data for

these two correlations are given in Table 117 and are

summarised below:-

2 year Correlation 80 year Correlation

% Explanation % Explanation
Form 10 53
Process 36 12
Unexplained
Variation ' 54 34

Thus over 80 years cliff form is the most important control
of spatial variation, and over 2 years wave energy

(i.e. process) is the more important control. This
generalisation is borne out by studying the actual multiple
correlations which showed that cliff height explained 50%
of the variation over 80 years, in contgast to the 2 year
correlation where the distance to high tide mark variable

explained 40% of the spatial variation. Hence over graded
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time (102 years) it may be assumed that the wave energy

variables are evenly distributed along the cliffs, and so
the c¢liff form variables are more importaht in explaining
the spatial variation in retreat rate. While in contrast,
over steady time (ZI.O"l years) the cliff form may be
considered uniform and then the variation in wave energy
processes accounts for the spatial differences in retreat
rate., Thus this model shows that over graded time form

(or structure) is the mosf inmportant control of landscape
variation, whereas over steady time the situation is
reversed. This, in many ways, returns to the ideasof

W.M. Davis, who always stressed the importance of structure
as a control in the landscape, and although he was referring

4 years), the results here may well

mainly to cyclic time (10
indicate that structure is the more important long term

control.

VARIATION WITHIN SCALE III

In order to extend the model to other unconsolidated
Quaternary cliffs it is necessary to generalise the data
from the three areas. To do this, only three independent
variables have been considered :—‘offshore steepness,
geology factor and cliff height. Offshore steepness was
selected because this was the only wave energy variable
that gave neaningful results for all three sites. Using
these three variables in Norfolk, and only two variables
in Holderness and Suffolk - since here only one cliff form
variable was relevant, the level of explanation achieved

has been calculated (see Appendix 5D) and is swmariced

heres -
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Holderness:- Retreat Rate, Geology, Offshore Steepness,

Explanation = 529

HNorfolk:- Retreat Rate, Geology, Cliff height, Offshore
Steepness

Explanation = 56%

Suffolk:- Retreat Rate, Cliff Height, Offshore
- , Steepness

Explanation = 59%

Thus it may be concluded that there are two main variables
explaining the spatial variation in retreat rate. The first
is the inherent form of the cliffs - in terms of their
geology or height or both; and the second is the amount of
wave energy actually reaching the cliffs. These two
variables working together account for between 50 and 60% of
the total spatial variation in retreat rate. The remaining
variation may be explained by factors specific to each area -
for instance in Suffolk the interaction between the ness
features and the offshore banks will exert a considerable
control over the amount of energy reaching the c¢liffs, Thus
it is impossible, at this scale, to generalise about the
remaining variation -~ it must be related to regional
variation, which is, to some extent, unavoidable in
geomorphology.

Inkconclusion, it is interesting to compare the number
. of variables rcguired to explain the variation at different
spatial scales. At Scale I (1lkm) the degree of apparent
uniformity is so great that there is only onec independent

variable that is measurable., This contrasts with

Scale II (%0 - 60km) where the greatest variation ig foungd,

and here seven separate variables become significant,
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Finally at Scale III (100km) the level of generalisation

inecreases such that only two variables are really significant.
Thus there is no simple straight line relationship between

the number of variables and the spatial scale. It has often
been assumed that as the level of generalisation increases,
the number of variables should decrease, however, this is

not the case here. Hence the model suggests that at a spatial
scale of %30 - 60km the landscape shows the greatest

complexity and variation, and it is at this scale that many

geomorphic systems have yet to be evaluated.
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CONCLUSION

" In conclusion emphasis must be pléced on the scale
factor in geomorphology. Time scales have long been
recognised as controlling factors in geomorphic explanation -
as seen in the ideal models of W.M. Davis. Although Space,
a fundamental property of all geomorphic systems, is not
often defined as a control, it is usually éccepted as an
inherent factor. Yet, as has been shown here, the spatial
scale will control the type and level of explanation that
can be achieved. Scale factors have been emphasised by
‘previous authors eg. Schwartz (1968) referring to scales of
shoreline erosion, and by Chorley et.al. (1965) who
advocate the advantage of scale.stgndardisation in
geopraphy, yet it seems that these concepts are only rarely
used in actual resezrch. The spatial scales suggested in

Chapter 5 cculd presumably be applied to other branches of
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geomorphology - such as fluvial and slope studies, although
some modifications of the limits may be necessary.

Another factor that is worth stressing is the
importance of threshold values. These are particularly
difficult to pin-point in multivariate systems, and it is
only by plotting the relationéhips individually that they .
can be recognised. Even then it is all too easy to aééume, on
finding a low correlation coefficient, that there is no
significant relationship. It is necessary to group the data
and plot them in as many different ways as possible in order
to establish whether or not this is the case. (As was done
in the case of cliff height variable in Chapter 2),

Thus it appears that by placing a particular system in
its appropriate spatial and temporal scale, much of the
apparent contradiction and duplication that exists in
geomorphology could be avoided. Having defined the scales
appropriate to the system in question, process and form must
be interacted together in order to explain the differentiation
that exists within the landscape, since our knowledge
rélating to this variation is extremely sparse. For as
Davies (1972) said "...... the geographer's approach to the
study of phenomena by examining the way in which they vary

in space is, or at least ought to be, a fundamental

gcientific method."



165

REFERENCES

ADMIRALTY TIDE TABLES. 1971, 1972.
AGAR, R. 1960. Post glacial erosion of the north Yorkshire
coast from the Tees Estuary to Ravenscar.

Proceedings of the Yorkshire Geologzical

Society, %2, 409-428.
ARBER, M.A. 1940. The coastal landslips of south east

Devon. DProceedings of the Geologists'

Association, 51, 257-271.

BANHAM, P.H., WEST, R.G. 1968, Short field meeting on the

north Norfolk coast. Iroccedings of the

Geologists! Association, 79, 493%-511.

BANHANM, P.H. 1970. Quaternary Research Association,

Norwich Field Course, 46up.
DASCON, w.0. 1951, The relaticnship belween sand size and

beach face glope. DTransactions of the

Arierican Gooyhysical Union, 32, 666-874.




166
BLALOCK, H.M, 1960. Social Statistics., McGraw Hill, 46% pp.

BLALOCK, H.M. 1964. Causal Inferences in Non-Experimental

Research. Chapel Hill, 200 pp.
BOSWELL, P.G.H. 1919, On the surface and dip of the chalk

in Norfolk. Transactions of the XNorfolk

and Norwich Naturalists Society, 11, 22-58.

BOULTON, G.S. 1970. Quaternary Research Asscciation,

Norwich PField Course, 46 pp.
BRETSCHNEIDER, C.L. 1952, The generation and decay of wind

waves in deep water. Transactions of the

American Geophysical Union, 33, 381-389,

BRUNN, P. 1954. Coast erosion and the development of beach

profiles. Beach Erosion Board, Corps of

‘ Engineers, Technical Memo 44, 79 pp.
CARLSON, L. 1948, Determination in situ of the shear
stfength of undisturbed clay by means of a

rotating augar. Proceedings of the 2nd

International Conference on Soil Mechanics

and Poundation Engineering, 1, 265-270.

CATT, J.A., PENNY, J.F. 1966. The Pleistocene deposits of

Holderness, east Yorkshire. Proceedings of

the Yorkshire Geological Society, 35, 3%75-420.

CHORLEY, R.J., HAGGETT, P., STODDART, D.R. 1965, Scale
standards in geographical research ; a new
measure of of areal magnitude. Nature,
205, 844-847.

CHORLEY, R.J., KENNEDY, B.A. 1971. Physical Geographv. A

Systems Avproach. Prentice Hall, 370 pp.

CHORLEY, R.J., BECKINSALE, R.P. DUNE, A.J. 1973, The

History of the Study of Landforms. lethuen,

2, 874 pp.



167
CRAIG -~ SMITH, S.J. 1971. The changing system. East

Anglian Coastal Study, Report 3, 3lpp.

CRAIG - SMITH, S.J. 1973, Sediment characteristics within
the coastal - offshore system. ZEast

Anglian Coastal Study, Report 4, 35 pp.

DAVIES, J.L. 1972.. Geographical Variation in Coastal

Development. Oliver and Boyd, 204 pp.

DAVIS, R.A., FOX, W.T., HAYES, M.O., BOOTHROYD, J.C. 1972.
Comparison of ridge and runnel systems in
tidal and non-tidal environments. dJournal

of Sedimentary Petrology, 42, 413-421.,

DAVIS, W.M. 1899. The geographical cycle. Geographical
Journal, 14, 481-504.

DE BOER, G. 1964. Spurn Head : Its history and evolution.
Transactions of the Institute of British

Geographers, 34, 71-89.

EDWARDS, A.B. 1951. Wave action in shore platform formation.
Geological Magazine, 88, 41-49,

ELSMA, D. 1968. Composition, origin and distribution of
Dutch coastal sands between Hoek van Holland
and the Island of Vlieland, Netherlands.
Journal of Sea Research, 4, 123-20L7.

FISHER, O. 1866. On the disintegration of a chalk cliff,

Geological Magazine, 3, 354-356.

FOX - STRANGEWAYS, C. 1906, The water supply of the east

Riding of Yorkshire. liemoir of the

Geological Survey of Ergland and Vales,

181 pp.



168
GREEN, C., LARWOOD, G.P., MARTIN, A.J. 1953. The coastline
of Plegg (from Caister Point to Hemsby Gap,

Norfolk). Transactions of the Norfolk and

Norwich Naturalists Society, 17, 327-342.

HARDY, J.R, 1961l. Coastal Changes in Norfolk., PhD thesis,

University of Cambridge, 270 pp.
HARVEY, D. 1969. ZIExplanation in Geography. Arnold, 521 pp.

ENKEL, D.J. 1967. Local geology and the stability of

natural slopes. Proceedings of the

American Society of Civil Engineers, Journal

of Soil Mechanics and Foundations Division,

93, SM4, 437-466.

HILLS, E.S. 1949. Shore platforms. Geological lagazine,

86, 137-152,.
HORIKAWA, K., SUNAMURA, T. 1967. A study on erosion of
coastal cliffs by using aerial photographs,

Coastal Engineering in Japan, 10, 67-83,

HORIKAWA, K., SUNAMURA, T. 1968. An experimental study on
erosion of coastal cliffs due to wave action.

Coastal Engineering in Japan, 11, 131-147.

HU:®E, J.D., SCHAIK, M, 1967. Shoreline processes near
Barrow, Alaska : a compariscn of the normal
and the catastrophic. Arctic, 22, 86-10%,

HUDCHINSON,J.N, 1965. The stability of slopes composed of

soft rock, with particular refercnce to the

coasts of south east Encland. PhD thesis,

University of Caumbridge, 287 pp.
HUTCHINSON, J.H. 1967. “he free degredation of London Clay

cliffs. Frroceedings of the Geoteclinieal

Conference, Oslo, 1, 113-118.




169
HUTCHINSON, J.N. 1968, Mass Movements. In Encyclopedia

of Earth Sciences, e¢d. Fairbridge, R.VW.,
Reinhold, 688-693%,

BUTCHINSON, J.N. 1970. A coastal mudflow on the London
Clay cliffs at Beltinge, north Kent.
GEotechnioue, 20, 412-438,

HUTCHINSON, J.N., BHANDARI, R.K. 1971. Undrained loading,
a fundamental mechanism of mudflows and
other maés movements. Géotechnique,
21, 353-358.

HUTCHINSON, J.N., SKEMPTON, A.W. 1969. Stability of natural

slopes and embankment foundations. 7th

International Conference of Soil Mechanics

and FPoundation Engineering, Mexico, State

of the Art report, 291-33%4,
HUNTINGS SURVEYS. Aerofilms Ltd., 4, Albemarle Street, London,

INGLE, J.C. 1966. [The Movement of Beach Sand. Elsevier,

220 pp.
JOHNSON, J.W., 1956. Dynamics of nearshore sediment

movement. Bulletin of the American

Association of Petroleun Geologists!?,

40, 2211=2232,

KAZI, A., KNILL, J.L. 1969. The sedimentation and
geotechnical properties of the Cromer Till
between Happisburgh and Cromer, Norfolk.

Quarterly Journal of rngineering Geolory,

2, 63"86¢

¥IDSCN, C. 1961. DMovement of beach materials on the east

coast of ¥ngland. XZ2st Midland

i

Geosrapker, 16, 3-10.

XING, C.A.LL. 1972, Beaches and Coasts. Arnold 57C pp.




170
KING, C.A.M. DOORNKaANP, J.C. 1971. DNumerical Analysis in

Geomorphology - An Introduction., Arnold

372 pPp.

LAMB H.H. 1970. On the problem of high waves in the North
Sea and neighbouring waters and the possible
fufure trend of the atméspheric circulation.

FPachliche Mitteilungen. 160, 6-14.

LEOPOLD, L.B., LANGBEIN, W.B. 1963. Association and
indeterminacy in geomorphology. In The

Fabric of Geology, ed. Albritton, Addison

Wesley, 184-193.
LINTON, D.L. 1964. The origin of the Pennine tors - an

essay in analysis. Zeitschrift fur

Geomorphologie, 8, 5-24.

MAY, V.J. 1971, The retreat of chalk cliffs. Geographical
Journal, 137, 203-206.

McCAVE, I.N. 1971. Wave effectiveness at the sea bed and
its relationship to bedforms and the
deposition of mud. Journal of Sedimentary

Petrology, 41, 89-96.
MeCAVE, I.N. 1973. Mud in the North Sea. North Sea Science,

MIT Press.
LELTON, M.A. 1958. Geometric properties of mature drainage
systems and their representation in an E4

phase space. _Journal of Geology, 66, 35-54,

PEAKE, N.B., HANCOCK, J.li. 1970. The upper Cretaceous of
Norfolk. In The Geology of Horfolk, ed.

Larwood, G.P., Funnell, B.l., 293%-%39,



171
PHILLIFS, A.W. 1963, Tracer experiments at Spurn Head,

Yorkshire, England. Shore and Beach,3l,
30-35.

PHILLIPS, A,W. 1964. Some observations of coast erosion,

studies at south Holderness and Spurn Head.

Dock and Harbour Authority, 45, 64-66.
PRIOR, D.B., STEPHENS, N., ARCHER,D.R. 1968. Composite
mudflows on the Antrim coast of north east

Ireland. Geografiska Annaler, 50A, 65-78,

QUIGLEY,R.M., TUTT, D.B. 1968, Stability - Lake Erie north
shore bluffs. FProceedings of the 11lth

Conference of Great Lakes Research,

International Association of Great Lakes
Research, 230-238,
REID, C. 1882, The geology of the country around Cromer.

Memoir of the Geological Survey of England

and Wales.

REID, C. 1885. The geology of Holderness. Nemoir of the

Geological Survey of England and Wales, 177 pp.

ROBINSON, A.H.¥W. 1966. Residual currents in relation to
shoreline evolution of the East Anglian

coast. Marine Geology, 4, 57-84.

SCHUKM, S.A., LICHTY, R.W. 1965. Time, space and causality

in geomorphology. Americén Journal of

Science, 26%, 110-119.
SCHYARTZ, k.L. 1968. The scale of shore erosion. Journal

of Geolory, T6,. 508-517,

SEYRLL, G.E. 1959. BSea defence works from West Bay, Westgate,
to Epple Bay, Birchington. Read to a joint

meeting, Institute of liunicipal Enginecers

and Ascociation of XKent Survevors.,




172
SHEPPARD, T. 1909. Changes on the east coast within the

historical period : 1. Yorkshire.

Geographical Journal, 34, 500-513.

SHEPPARD, T. 1912. The Lost Towns of the Yorkshire Coast.

SO, C.L. 1965. Coastal platforms on the Isle of Thanet,

Kent. Transactions of the Institute of

British Geographers, 37, 147-156.

SOLOMON, J.D. 1932. The glacial succession on the north

Norfolk coast. Proceedings of the

Geologists' Association, 43, 241-2690,

STEERS, J.A. 1962. Coastal cliffs - report of a symposium.
Geographical Journal, 128, 302-320,

STEERS, J.A. 1964. The Coastline of England aund Wales.

Cambridge University Press, 750 pp.
STRAW, A. 1965. A re-assessment of the chalky boulder clay
or marly drift of north Norfolk., Zeitschrift

fur Geomorphologie, 9, 209-221.

STRIDE, A.H. 1963. " Current swept sea floors near the
southern half of Great Britain. Quaterly
Journal of the Geological Society of London,

119, 175-199.

SVERUP, H.U., MUNK, W.H. 1947. Wind, sea and swell - theory
of relationships in forecasting. United

States Navy Hydrographic Office, 601, 43 pp.

TANNER, W.P. 1958. The equilibrium beach. ZIransactions of

the American Geophysical TUnion, 39, 883-891,

UNITED STATES CONGRESS.  1928. Illanasquan River and inlet,

New Jersey. Eouse Document 482, 70th

Congressa, 2nd Session, see vp 14,




173
VALENTIN, H. 1953. Present vertical movements of the

British Isles. Geographical Journal, 69,

299-305.

VALENTIN, H. 1954. Der landverlust in Holderness,
Ostengland von 1852 - 1952, Die Erde,

6, 296=315.

VOLLBRECHT, K. 1966. The relationship between wind records,
energy of longshore drift, and energy
balance of the coast of a restricted body
of water, as applied to the Baltic. Marine
Geology, 4, 119-147.

WARD, W.H. 1945. The stability of natural slopes.
Geographical Journal, 105, 170-197.

WENTWORTH, C.K. 1938. Marine bench forming processes.

1l Water level weathering. Journal of

Geomorphology, 1, 6-32,

WENTWORTH, C.K. 1939. HMarine bench forming processes. Il

Solution benching. Journal of

Geomorphology, 2, 3-25.

WEST, R.G., SPARKS, B.W. 1964. The drift landforms around
Holt, Norfolk. Transactions of the Institute

of British Geographers, 35, 27-35,

WEST, R.G. 1970. The glacial and inter-glacial deposits of
Norfolk. In The Geology of Worfolk, ed

Larwood, G.P., Funnell, B.M., 293-33Q,
WILLIALS, W.W. 1956. An East Coast survey : some recent
changes in the coast of Fast Anglia,

Geographical Journal, 122, 317-3324.




174

WOLMAN, M.G., MILLER, J.P. 1960. MNMagnitude and frequency

Wwo0D, A.

1959.

of forces in geomorphic processes. Journal

of Geology, 68, 54-T4.

The erosional history of the cliffs around

Aberystwyth. In Applied Coastal

Geomorphology, ed. Steers, J.A., 1971,




175

SELECTED BIBLIOGRAPHY

AAS, G. 1967. Vane tests for investigation of anisotrophy
of widrained shear strength of clays.

Proceedings of the Geotechnical Conference,

O0slo, 1, 3-8.
ACKERMAN, E.A. 1963. Where is a research frontier. Annals
of the Association of American Geographers,

5%. 429-440.

ALEXANDER, C.S. 1962. A descriptive classification of

shorelines. California Geographer 3, 131-~136.

ALLEN, J.R.L. 21970. Physical Processes of Sedimentation.

Allen & Unwin, 248 pp.

ALLISON, K.J. 1955. The lost villages of Norfolk. Norfolk
Archacology, 31, 116-162,




176
ANDEL, van T.H. 1959. Reflections on the interpretation of

heavy mineral analysis. Journal of

Sedimentary Yetrology, 29, 15%-163.

ANDEL, van T,H. 1964. Recent marine sediments of the Gulf

of California. Symposium on marine Geology

of the Gulf of California, 3, 216-310,

ANHERT, F. 1970. A comparison of theoretical slope models
with slopes in the field. Zeitschrift fur

Geomorphologie, 9, 85-101.

ARTHUR, R.S. 1950. Refraction of shallow water waves, the
combined effect of current and underwater

‘topography. Transactions of the American

Geophysical Union,31l, 549-552,

BADEN-POVELL, D.FP.W. 1948. The chalky boulder clays of
Norfolk and Suffolk. Geological Magazine,

85, 279-296.

BARNES, F.A., KING, C.A.M. 1953. The storm floods of the
let Pebruary 1953. II The Lincolnshire
coastline and the 1953 storm flood.
Geography, 38, 141-160.

BERGER, W.H. 1967. Foraminiferal ooze : solution at depths,
Science, 156, 383-385.

BHATTACHARYYA, G. 1967. Ihe Recent Sedimentology of

Blakeney Point, North Norfolk. MSc thesis,

Imperial College, London.

BISHOP, A.¥. 1966. The strength of soils as engineering

nmaterials. céotechnique, 16, 89~130,

BISHOP, A.W., HUTCHINSON, J.N., PENMAN, A.D.M,, EVANS, H.E.

1969, Geotechnical investigation into the

causes and circunistances of the disaster of

515t October 1966. Submitted to the Aberfan

Tribunal 1969.




177
BJERRUM, L. 1955. ©Stability of natural slopes in quick

clay. Géotechnique, 5, 101-119.

BLACKWVELDER, E. 1928, Mudflow as a geologic agent in semi

arid mountains. Bulletin of the Geological

Society of America, 39, 465-484,

BLACKWELDER, E. 1942. The process of mountain sculpture by

rolling debris. Journal of Geonmorphology, 5,

| 324-328.
BLOOM, A.L. 1969, The Surface of the Earth. Prentice Hall,

152 pp.
BOON, J.D. 1969. Quantitative analysis of beachsand

movement, Virginia Beach, Virginia.

Sedimentology, 13, 85-103,

BOWEN, A.J. 1969. Rip currents. L. Theoretical
investigations. Journal of Geophysical

Research, 74, 5467-5487..

BOWEN, A.J., INMAN, D.L. 1966. Budget of littoral sands

in the vicinity of Point Arguello, California.

United States Army Coastal Engineering

Research Centre, 19, 41 pp.

BOWEN, A.J., INMAN, D.L. 1969. Rip currents. 2. Laboratory

and field observations. Journal of

Geophysical Research, 74, 5479-5490.

BRISTOW, C.R., COX, F.C. 1973. The Gipping Till : a
re-appraisal of East Anglian glacial

stratigraphy. Journal of the Geological

Society of London, 129, 1-37.

BROWH, E.H., GREGORY, K.J. 1966. Data processing and the

study of landform. Zeitschrift fur

Geomorpnologie, 10, 237-263.




178
BRUNN, P, 1955, Migrating sand waves or sand humps, with

special reference to investigations carried

out on the Duteh North Sea coast.

Proceedings of the 5th Conference on Coastal

Engineering, ed. Johnson, J.W., 269-295.

BRUNN, P. 1962. Sea level rises as a cause of shore

erosion. Proceedings of the American Society

of Civil Engineers, Journal of the Waterways

and Harbours Division, 88, WWl, 117-130.

BRUNSDEN, D, 1970. Moving cliffs of Black Ven.

Geographical Magazine, 42, 372-374.

BRUNSDEN, D. (ed) 1971. Slopes form and process.

Institute of British Geographers, Special

Publication 3, 178 pp.
BUNGE, W. 1966. Theoretical Geography. ILund Series in

geography, series C, general and
‘mathematical geography 1, 289 pp.
CALDWELL, J.P. 1956, Wave action and sand movement near

Anaheim Bay, California. Beach Erosion

Board, Corps of Engineers, technical memo

68, 21pp.
CALDYELL J.P. 1966. Coastal processes and beach erosion,

Journal of the Boston Society of Civil

Engineers, 53, 142-157.
CANPBZLL ERROLL, A. 1970. A History of Sherincham and

Beeston Regis. Published by the author,156

CAPIER, P.L., CASSIE W.F. 1969. HMechanics of Engineering

Soils. Spon, Londen, 309 pp.

'CAREY, A.L. 1904. Coast Erosion. Linutes of the

dd

Proccedings of the Institute of (ivil

‘nrineers, 159, 42-57.

bp.



179
CARR, A.P. 1962. Cartographic records and historical

accuracy. Geography, 47, 174-144.
CARR, A.P, 1971. Experiments on longshore transport and
sorting of pebbles : Chesil Beach, Ingland.

Journal of Sedimentary Petrology, 41,

1084-1104.

CARSON, M.A., KIRKBY, M.Jd. 1972, Hillslope Form and Process.

Cambridge University Press, 475 pp.
CASTON, V.N.D., STRIDE, A.H. 1970. Tidal sand movement
between some linear sand banks in the North

Sea of north east Norfolk. Marine Geology,

9, M38-M42,
CHATWIN, C.P. 1961, British Regional Geology - East Anglia

and adjoining areas. 100 pp.

CHORLEY, R.J. 1962, Geomorphology and general systems theory,

United States Geological Survey Professional

Paper, 500B, 10 pp.
CHORLEY, R.J., HAGGETT, P, (eds) 1967. Models in Geography.

Methuen, 816 pp.
CLAYTON, K.M. 1970. The problem of field evidence in

geomorphology. Geographical Essays in honour

of Prof. X.C. Hdwards, Department of Geography,

University of Nottingham, 131-139.

CLAYTON, K.M. 1971, Geomorphology - a study which spans the
geology/geography interface. Journal of the

Geological Society of London,127, 471-478,

coLy, J.P., KING, C.A.M, 1968, Quantitative Geography.

Wiley, 692 pp.



180
COLHOUN, E.A.,, COMMON, R., CRUICKSHANK, M.M. 1965. Recent

bog flows and debris slides in north Ireland.

Scientific Proceedings of the Royal Dublin

COLONELL, J.M., GOLDSi1TH, V. 1971. Computational methods
for analysis of beach and wave dynamics.

2nd Annual Geomorphology Symposium Series,

Binghampton, New York, 197-222,.

CORKRAN, R.H. 1949. The levels of the North Sea associated
with the storm disturbance of 8th Jan. 1949,

Philosophical Transactions of the Royal

Society, 2424, 493-525.
COWAN, T.A. 1963, On the very general character of

equilibrium systems. General Systems

Yearbook, 8, 125-128.

CﬁANDELL, D.R., VARNES, D.d. 1961. Movement of Slumgullion
earthflow near Lake City, Colorado. United
States Geological Survey Professional Paper,
424B, 136-139.

CURRY, R.R. 1966. Observation of alpine mudflows in the

Tenmile Range, central Colorado., Bulletin

of the Geological Society of America, 77,

771-T76.

DALE, M.B. 1970. Systens analysis and ecology. Ecology,
51, 1-16.

DARBYSHIRE, J. 1956. An investigation into the generation
of waves when the fetch of wind is less than

100 nmiles. Quaterly Jourhal of the Royal

Meteorological Society, 82, 461-4€8,




181
DARBYSHIRE, M. 1960. Waves in the North Sea. Dock and

Harbour Authority, 41, 225-228,

DARBYSHIRE, M., DRAPER, L. 1963, Forecasting wind generated

sea waves. Engineering, 195, 482-484.

DAVIDSSON, J. 1958. Investigations of sand movements using

radio active sand. Lund Studies in

Geography, A, 12, 107-126.
DAVIES, J.L. 1958. Wave refraction and the evolution of

shoreline curves. Geographical Studies, 5,

1-14 .
DAVIS, R.A., FOX, W.T. 1972. Four dimensional model for
beach and inner nearshore sedimentation.

Journal of Geology, 80, 484-493.

DE BOER, G., CARR, A.P. 1969. Early maps as historical
evidence for coastal change. Geographical

Journal, 135, 17-39,

DE BOXR, G., WARD, R.C. 1965. Hydrological investigations
on Spurn Head. The Naturalist, 893, 65-72.

DHONAU, T.J., DHONAU, N.B. 1963. Glacial structures on the

north Norfolk coast. Proceedings of the

Geologists' Association, 74, 433-439,

DONN, W.L., PATTULLO, J.G., SHAW, D.M. 1964, Sea level

fluctuations and long waves. Research in

Geophysics, 2, MIT Press, 243-2690.

DOSSOR, J. 1955. The coast of Holderness, The Problem of

erosion. Proceedings of the Yorkshire

Geological Society, 30, 133-145.

DOUGLAS, C.K.M. 1953. Gale of January 31st 19537,

Meteorolozical lagazine, 82.




. 182
EINSTEIN, H.A. 1948. Movement of beach sand by water waves,

Transactions of the American Geophysical

Union, 29, 653-655.
EL-ASHRY, M.T. 1971, Causes of recent increased erosion
along the United States shoreline. Bulletin

of the CGeological Society of America, 82,

2033-2038.

EMERY, K.0. 1941. Rate of surface retreat of sea cliffs
based on dated inscription. Science, 93,
617-618.

EMERY, K.O. 1946.“Marine solution basins. Journal of

Geology, 54, 209-228.

EMERY, K.0. FOSTER, J.F. 1948. Water tables in marine
beaches. Journal of Marine Research, 7,
644-653.

FAIRCHILD, J.C. 1966, Correlation of littoral transport

with wave energy along the shores of New York

and New Jersey. United States Army Coastal

Engineering Research Centre, 18, 35 pp.
FARQUHARSON, W.I., 1953. Storm surges on the east coast of

England. Conference on the North Sea

Floods, Institute of Civil Engineers.

FOLK, R.L. 1966. A review of grain size parameters.
Sedimentology, 6, 75-93.

FRADKIN, N.G. 1970. A scientific hypothesis and authentic
knowledge in modern discoveries of general
regularities in physical geography. Soviet

Geography, Review and Translations, 11,

865-872.
FRYDE, #.T. 1868. Cliff drainage and beach distribution.

Proceedings 11lth Ccnference on Coastal

Engineering, Londcn, 1, 644-652,




183
GAUTIER, F. 1971. Les processus de L'attaque des falaiscs

sur le littoral continental de la baie de
Bourgneuf. Norois, 15, 221-235.

GILL, E.D. 1967. The dynamics of the shore platform, and
its relation to changés in sea level,

Proceedings of the Royal Society of Victoria,

80, 183-192.

GILLOTT, A. 1965, Clays in Engineering Geology. Elsevier,
296 pp.

GODWIN, H., SUGGATE, R.FP., WILLS, E.H. 1958. Radiocarbon

dating of the eustatic rise in ocean level.
Nature, 181, 1518-1519,
GOLE, C.V. 1963. Fluorescent tracer study at Mangalore

Point. International Association, Hydraulic

Research Congress, 10th London, 1, 275-28l.

GRANT, U.S. 1948, Influence of the water table on beach

aggradation and degredation. Journal of

Mariﬁe Research, Sears Foundation 7, 655-660,

GREEN, C., HUTCHIKSON, J.N. 1965. Relative land and sea
levels at Great Yarmouth, Norfolk.

Geographical Journal, 131, 86«90,

GRETENER, P.E. 1967. ©Significance of the rare event in

geology. Bulletin American Association of

Petrolew: Geologists, 51, 2197-2206.

GRIFFITHS, J.C. 1967. Scientific lethod in the Analysis of

Sediments. kcGraw Hill, 508 pp.

GrROVE, A.T. 1953. Account ‘of a mudflow on Bredon Hill,

Worcestershire., Proceedinzs of the

Geolosists' Association, 64, 10-13,

GROVi, A.T. 1853. The sea flood on the coasts of Norfolk

and Suffolk. Geography, 38, 164-170.



184
HALL, A.D., FAGEN, R.E. 1956. Definition of a systemn.

General Systems Yearbook, 1, 18-28,

HARDY, J.R. 1964. The movement of beach material and wave
action near Blakeney Point, Norfolk.

Transactions of the Institute of British

Geographers, 34, 53-60.

HARDY, J.R. 1968, Computation of wave refraction diagrams
and wave energy balance along a coastline.

British Geomorphological Research Group

Occasional Paper, 6, 73-85,

HARDY, J.R. 1968, Some grid and projection problems in the

numerical calculation of wave refraction.

Journal of Geophysical Research, 73, 7083-7087.

HARRISON, W. 1969. Empirical changes for foreshore changes
over a tidal cycle. Marine Geology, 7, 529-551,

HODGKIN, E.P. 1964. Rate of erosion of intertidal limestone.
Zeitschrift fur Geomorphologie, 8, 385-392.

HUTCHINSON, J.N. 1969, A reconsideration of the coastal
landslips at Folkestone Warren, Kent.

Géotechnique, 19, 6-38.

INMAN, D.L. 1953, Areal and seasonal variation in beach and
nearshore sediments at La Jolla, California.

Beach Erosion Board, Corps of Engineers,

Technical Nemo, 39, 111 pp.

INIIAN, D.L., RUSNAK, G.A. 1956. Changes in sand level on
the beach and shelf at La Jolla, California.

Beach Brosion Board, Corps of Engineers,

Technical lemo, 82, 30 pp.

INiAN, D.L., BAGNOLD, R.A. 1863. Littoral Processes in
The Sca, ed. Hills, M.HN. Interscience, Kew

York, 529-553.



185
INMAN, D.L., KOMAR, P.D., BOWEN, A.d. 1968. Longshore

transport of sand.- 1lth Conference on

Coastal Engineering, London 1, 299-306.

IPPEN, A.T. (ed.) 1966. Estuary and Coastline Hydrodynamics.

McGraw Hill, 744 pp.
JOHNSON, A.M., RAHN, P.H, 1970. Mobilisation of debris

flows. Zeitschrift fur Geomorphologie, 9,

JOHNSON, D, 1939. Role of analysis in scientific

investigation., Bulletin of the Geological

Society of America, 44, 461-494,

JOHNSON, D. 1940. Studies in scientific method. 1V The
deductive method of presentation., Journal

of Geomorphology, 3, 59-64.

JOHNSON, J.W. 1947. The refraction of surface waves by

currents. Transactions of the American

Geophysical Union, 28, 867-874.

JOHNSON, J.W., O'BRIEN, M.P., ISSACS, J.D. 1948. Graphical
construction of wave refraction diagrams.

United States Hydrographic Office Technical

Report, 2, 605, 45 pp.
JOLLIFFE, I.P. 1963. A study of sand movements on the
Lowestoft sand bank using fluorescent tracers.

Geographical Journal, 129, 480-493,

JOLLI¥FE, I.P. 1961. The use of tracers to study beach
movements, and the measurements of littoral
drift by a fluorescent technique. Revue de

Geomorphologie Dxnamiaué, 12, 81-98,

JOLLI*FE, I.P. 1962. Free diving and coastal research.

Triton, 8, 27~31.



186
JOLLIFFE, I.P. 1963. An experiment designed to compare the

relative rates of movement of ditferent sizes

of beach pebbles. Proceedingsg of the

Geologists' Association, 75, 67-86.

JOLLY, H.L.P. 1939. Supposed land subsidence in the south
of England. Geographical Journal, 93, 408-413,

KENYON, N.H., STRIDE, A.H. 1970, The tide swept continental
shelf sediments between the Shetland Islands
and France. Sedimentology, 14, 159-173.

KENYON,K.E. 1971. Wave refraction in ocean currents. Deep
Sea Research, 18, 1023-103%4.

KIDSON, C., STEERS, J.A., FLEMMING, N.C. 1962. A trial of
' the potential value of agualung diving to
coastal physiography on British coasts.

Geographical Journal, 128, 49-53,

KING, C.A.M, 1970. Feedback relationships in geomorphology.
Geografiska Annaler, 524, 147-159,

KING, C.A.il., WILLIAMS, WeWe 1949, The formation and
movement of sand bars by wave action,

Geographical Journal, 113, 70-85,

KOMAR, P.D., INMAN, D.L. 1970. ZILongshore sand transport on
beaches. Journal of Geophysical Research,

75, 5914-59217.

KRUNBEIN, W.C. 1953, Statistical designs for sampling

beach sand. Transactions of the American

Geophysical Union, 34, 857-8068.

KRUMBEIN, W.C. 1954. Statistical significance c¢f beach

sampling methods. Bcach sArosion Board,

Corps of Engineers, Technical lemo. 50, 33 pp.




187
KRUMBEIN, W.C. 1959. The 'Sorting out' of geological

variables illustrated by regression analysis
of factors controlling beach firmness. Journal

of Sedimentary Fetrology, 29, 575-587.

KRUMBEIN, W.C. 1960. Some problems in applying statistics
to geology. Applied Statisties, 9, 82-01.

KRUMBEIN, W.C., SLACK, H.A., 1956. Relative efficiency of

beach sampling methods. Beach Erosion Board,

Corps of Engineers, Technical Memo. 90, 43 pp.

geology and landslides in the marine clay
deposits of eastern Canada. Canadian

Geotechnical Journal, 7, 145-156.

LAMB, H.H. 1968. The Changing Climate. Methuen, 236 pp.

IEOPOLD, L.B., LANGBEIN, W.B. 1962. The concept of entropy

in landscape evolution. United States

Geological Survey, Professional Paper 5004,

20 ppr.
LEOPOLD, L.B., WOLMAN, M.G., MILLER, J.P. 1964. Fluvial

Processes in Geomorphology. PFreeman, 522 pp.

LEUSSINK, H., WENZ, K.P. 1967. Comparison of field vane
and laboratory shear strengths of soft

cohesive soils. Proceedings of the

Geotechnical Conference, Oslo, 71-75.

LEWIS, W.V. 1931. The effect of wave incidence cn the
configuration of a shingle beach.

Geographical Journal, 78, 129-148.

IEWIS, W.V. 1938. The evolution of shoreline curves.

Proceedings of the Geologicsts' Assceiation,

49, 107-127.



188
LONG, N. 1968. The Norfolk Coast. G. Dibbs Ltd., 92 pp.

LONGUET HIGGINS, M.S8., PARKINS, D,VW. 1962. Gea waves and

beach cusps. Geographical Journal, 128,

‘ 194-201.
MACFADYEN, W.A. 1930. The undercutting of coral reef
limestone on the coasts of some islands in

the Red Sea. Geographical Journal, 75, 27-34.

MACKIN, J.H, 1963. Rational and empirical methods of

investigation in geology. In The Fabric of

Geology, Albritton, C.C., (ed), 135-163.

MACLELLAN, H.J. 1965. Elements of Physical Oceanography.
' Pergamon, 151 pp.

MANN, C.J. 1970.. Randomness in nature. Bulletin of the
Geological Society of America, 81, 95-104.

MATTHEWS, E.R. 1904, Erosion on the Holderness coast of

Yorkshire., Minutes of the Proceedings of

the Institute of Civil Engineers, 159, 58-78.

MAY, V.J. 1964. A Study of Recent Coastal Changes in South

East England. lISc thesis, University of

Southampton.
MAY, V.J. 1973. Adjustment to coastal erosion in southern

England. Papér read at the Conference of

the Institute of British Geographers,

January, 1973.
%cCAVE, I.N. 1970. Deposition of fine grained suspended

sediment from tidal currents. Journal of

Geophysical Eesearch, 75, 4151-4159,

WILLER, R.L. 1956, Trend surfaces : their application to
analysis and description of environments of

gsedimentation. dourral of Geology, 64,

425-446.



189
MILLER, R.L. 1958. A model relating dynamics and sediment

pattern in equilibrium in the zone of
shoaling waves, breaker zone and foreshore.

Journal of Geology, 66, 417-441,

MILLER, R.L., ZEIGLER, J.lM. 1964. A study of sediment
distribution in the zone of shoaling waves
over complicated bottom topography. Papers

in Marine Geology, Shepard Commemorative

Volume, ed., Miller, R.L., Macmillan, 133-153.
MILLIMAN, J.D., EMERY, K.0. 1968, Sea levels during the

past 35,000 years. Science, 162, 1121-1123,
MINIKIN, R.R. 1952. Coast Erosion and Protection - Studies

in Causes and Remedies. Chapman and Hill,

240 pp.
MOBBS, S.W. 1953. Sea defence works on a sandy eroding

coast with scanty littoral drift. Conference

on the North Sea Floods of 31 Jan./l Feb.1953,

Institute of Civil Engineers 1954,

MUNK, W.H., TRAYLOR, M.A. 1947. Refraction of ocean waves :
a process linking underwater topography to

beach erosion. Journal of'Geology, 55, 1-26.

MURRAY, S.P. 1967. Control of grain dispersion by particle

size and wave state. Journal of Geology,

75, 612-634.
NEATE, D.J.li. 1967. Underwater pebble grading of Chesil

Bank. Proceedings of the Geologists!

Associntion, 78, 419-426.

NISDORODA, AJ., TANNER, W.P. 1970. Preliminary study of

transverse bars. Larine Geolocgy, 9, 41-62.

PARTIN, C.P.A. 1968. The Relationsnips between the Sciences.

Cambridge University Press, 206 pp.



190
PETERSON, M.N,A. 1966, Calcite : rates of dissolution in a

vertical profile in the central Pacitic.
Science, 154, 1542-15%44.

PETERSSEN, S. 1958. Introduction to MMeteorology, lMcGraw

Hill, 327 pp.
PHILLIPS, A.W. 1962. Some Aspects of the Ccastal

Geomorphology of Spurn Head, Yorkshire,
PhD thesis, University of Hull.
PHILLIPS, A.W. 1971. Present coastal changes on Walney

Island, north Lancashire, Department of

Geography, University of Liverpool, Research

PHILLIPS, B.A.M. 1969. Cliff and Shore Platform Development

in the Isle of Man. PhD thesis, University

College of Wales, Aberystwyth.
PIERCE, J.W. 1969, Sediment budget along a barrier chain
island. Sedimentary Geology, 3, 5-16.

PIERSOL, W.J. 1951, The interpretation of crossed
orthogonals in wave refraction phenomena.

Beach Erosion Board, Corps of Engineers,

Technical Memo: 21, 83 pp.

PITTY, A.F. 1971. Introduction to Geomorphology, Methuen,
526 pp.

PRIOR, D.B., HO, C. 1972. Coastal and mountain slope

instability on the islands of St. Lucia and

Barbados. Ikngineering Geologzv, 6, 1-18,

PRIOR, D.B., STEPH:3NS, K., DOUGLAS, G.R. 1870. GSome
examples of modern debris flows in north east

Ireland, Zeitschrift fur Geomerphologie,

14, 275-288.



191

PRIOR, D.B., STEPHENS, N. 1971. A method of monitoring

Mudflow movements, Engineering Geology,

5, 239-246.

PRIOR, D.B., DOUGLAS, G.R. 1971l. ZLandslides near Larne,

Co. Antrim, 15-16th August, 1970, Irish

Geography, 6, 294-301.

PRIOR, D.B., STEPHENS, N. 1972. ©Some movement patterns of

RAPP, A. 1960.

RAPP, A. 1960.

temperate mudflows : examples from north east
Ireland. Bulletin of the Geological Society
of America, 83, 2533-2544.

Talus slopes and mountain walls at

Tempelfjorden, Spitsbergen. Norsk
Polaringtitut Skrifter, 119, 96 pp.

Recent developments of mountain slopes in

Karkevagge and surroundings, northern

Scandinavia. Geografiska Annaler, 42, 73-200,

REDMAN, J.B. 1864. The East coast. Minutes of the

Proceedings of the Ingtitute of Civil

Engineers, 23, 186-257.

REID, W.J., JOLIFFE, I.PF. 1962, Coastal experiments with

fluorescent tracers. Dock and Harbour

Authority, 41, 341-345.

REVELLE, R., EMERY, K.O0. 1957. Chemical erosion of beach

rock and exposed reef rock. United States

Geological Survey Professioral Paper,

260T, 699-709.

RILEY, J.D., RAISTER, J.W. 1969. The pattern of bottom

currents along the coast of Fast Anglia in

1968. International Council for the

Exploration of the Sea.




192
ROBINSON, A.H,W. 1953. The storm surge of 31 Jan. - 1 Feb,

1953 and the agsociated meteorological and
tidal conditions. Geography, 38, 134-141.
ROBINSON, A H.W., 1960. Ebbdb flood channel systems in sandy
bays and estuaries, Geography, 45, 183%-199,
ROBINSON, A, H,W, 1961l. The hydrography of Start Bay and its
relationship ‘to beach changes at Hallsands.

Geographical Journal, 127, 63-77.

ROBINSON, A.H.W, 1968. The use of sea bed drifters in
coastal studies with particular reference
to the Humber. Zeitschrift fur Geomorphologie,
7, 1-23.

ROBINSON, A.H.W., 1968, The submerged glacial landscape off

the Lincolnshire coast. Transactions of the

Institute of British Geographers, 44, 119-132,.

ROBINSON, A,H.W,.,, CLOET, R.L. 1953, Coastal evolution in

Sandwich Bay. 'Proceedings of the Geologists'

Association, 64, 69-82,

ROSSITER, J.R. 1954. The North Sea storm surge of
31 Jan. - 1 PFeb. 1953. DPhilosophical

Transactions of the Royal Society, 2464,

371-400.
ROY, P.S. 1967. The Recent Sedimentology of Scolt Head

Island, Norfolk. PhD thesis, Imperial

College, ILondon.
ROYAL COLMISSICON ON COAST BROSION, 1907. Volume 1.
1909. Volume 2.
1911. Volume 3.
RUDBRERG, S. 19b68. Come observations concerning mass

movements on slopes in Sweden, lieddelanden

Pran Uppsala Universitets, Seografiska

Institution, 1206A, 114-125,




193
RUDBERG, S. 1962, Periglacial geomorphology and mass

movements in Sweden. Biuletyn Peryglacjalny,

SAVAGE, T. 1951. A method for drawing orthogonals seaward

from the shore. Beach Erosion Board, Corps

of Engineers, Technical Memo, 5, 1l-6.

SAVILLE, T. 1950. Model study of sand transport along an

infinitely long straight beach. Transactions

of the American Geophysical Union, 31, 555-565,

SAVILLE,.T., CALDWELL, J.M. 1953, Accuracy of hydrographic
surveying in and near the surf zone. Beach

Erosion Board, Corps of Engineers, Technical

Memo, 32, 17 pp.
SCHEIDEGGER, A.E. 1970. Theoretical Geomorphology. Allen

& Unwin, 435 pp.
SCHIFF, J.B. 1959. Generalities on coastal processes and

protection, Proceedings of the American

Sociefy of Civil Engineers. Journal of the

Waterways and Harbours Division, 85, Wwl,l-12,

SCHOU, A. 1949, Danish coastal cliffs in glacial deposits.
Geografiska Annaler, 31, 357-364.

SCHUMY, S.A., CHORLEY, R.J. 1964. The fall of threatening

rock., American Journal of Science, 262,

1041-1054.

SCHWVARTZ, M.L. 1971. Shannon Point cliff recession. Shore
and Beach, 39, 45-48.

SHARP, R.F. 1942, ludflow levees. Journal of

Geomorphology, 5, 222-227.




194
SUARP, R.P., NOBLES, L.H. 1953. Nudflow of 1941 at

Wrightwood, southern California. Bulletin

of the Geological Society of America 64,

547-560.
SHARPE, C.F.S. 1938. Landslides and Related Phenomena.

Columbia University Press, 137 pp.
SHEPHARD, F.P., GRANT, U.S. 1947. Wave erosion along the

gouthern California coast. Bulletin of the

Geological Society of America, 58, 919-G26.

SHEPARD, P.P. 1963, Submarine Geology. Harper and Row,
557 pp. .

SHEPPARD, T. 1905. List of papers, maps etc. relating to
the erosion of the Holderness coast, and to

changes in the Humber estuary. Transactions

of the Hull Geological Society, 6, 43-57.

SHERINGHAM URBAN DISTRICT COUNCIL. Sea Defences 1949, 4th

Report.
SIEGEL, S. 1956. Non Parametric Statistics for the

Behavioural Sciences, McGraw Hill, 312 pp.

R. R. 1959. Engineering aspects of coastal sediment

td
w2
3
s

SILV

) movement. Proceedings of the American

Society of Civil Engineers, dJournal of the

Waterways and Harbours Division, 85, WW3,

11-39.

SILVEST®R, R. 1960, Stabilisation of sedimentary
coastlines, Nature, 198, 467-469.

SILVESTER, R. 1963. Design waves for littoral drift models.

Proceedings of the American Society of Civil

Engineers, Journal of the ‘iaterways and

Harbours Division, 89, W3, 37-47.




195
SILVESTER, R. 1972. Wave reflection at sea walls and

breakwaters. Proceedings of the Institute of

Civil Engineers, 51, 1235-131.

SKEL'PTON, A.W. 1953, Soil mechanics in relation to geology.

Proceedings of the Yorkshire Geological

SMALIEY, I.J. 1971. UNature of quickclays. Nature, 231, 310.

S0, C.L. 1971. Mass movements in Hong Kong. Transactions

of the Institute of British Geograrphers,

_ 53) 55“650
SOLOMON, J.D. 1932. On the heavy mineral assemblages of the

great chalky boulder clay and cannon shot
gravels of East Anglia and their significance.

Geological Magazine, 69, 314-320.

SONU, C.J. 1968, Collective movement of sediment in littoral

environment. Proceedings of the 1llth

Conference on Coastal Engineering, London,

1, 373-400.
SPARKS, B.W. 1962. Rates of operation of geomorphological
processes. Geography, 47, 145-153,
STAFFORD, D.B., LANGFELDER, J. 1971. Air photo survey of

coastal erosion. Photogrammetric

Engineering, 37, 565-575.

STAPOR, F.W. 1971. Sediment budgetis on a compartmented

low to moderate energy coast in north west

Plorida. Idarine Geology, 10, M1-IN7.

STEERS. JoA. 1927. The East Anglian coast. Geographical
Journal, 69, 24-48.
STE=3, JeA. 1939. Recent coastal changes in south east

Bungland @ a discussion. Geographical

Journal, 93, 399-408,



196

STBERS, J.A. (ed) 1971, Applied Coastal Geomorphology.

Macmillan., 227 pp.
STEERS, J.A. (ed) 1971. Introduction to coastline

Development. Macmillan, 229 pp.

STRAW, A, 1960, The limits of the last glaciation in north

Norfolk. Proceedings of the Geologists!

Association, 119, 379-390.

STUIVER, M., PURPURA, J.A. 1968, Application of

fluorescent coated sand in littoral drift

and inlet studies. Proceedings of the 1llth

Conference on Coastal Engineering, 1, 307-3%21.

TANNER, W.F, 1960. Florida coastal classification.

Transactions of the Gulf Coast Association,

Geological Society, 10, 259-266.

TANNER, W.F, 1961, Offshore shoals in an area of energy
deficit. Journal of Sedimentary Petrology,

31, 87-95.
TELEKI, P.G, 1963. A summary of the production and scanning

of fluorescent tracers, Florida University

Coastal Engineering laboratory Mimeograph,

11 pp.
THOKPSON, C. 1923. The erosion of the Holderness coast,

Proceedings of the Yorkshire Geological

T0DD, D.K. 1960. Ground Water Hydrology. Wiley, 336 pp.

TRENHAILE, A.S. 1972, The shore platforms of the Vale of

datiy

Glamorgan; wales, Transactions of the

Institute of British Geographers, 56, 127-144,




197
VARNES, H.D. 1949. Landslide problems of southwestern

Colorado. United States Geological Survey

Circular, 31, 1-13.
VEENSTRA, H.J. 1969. Gravels of the southern North Sea.
Marine Geology, 7, 449-464.

WEST, R.G. 1973. A state of confusion in Norfolk
Pleistocene stratigraphy. Bulletin of the

Geological Society of Norfolk, 23, 3-9,

WHEELER, W.H. 1902, The Sea Coast. London.

WHITTEN, E.N.T. 1964. Process response models in geology.
Bulletin of the Geological Society of
America, 75, 455-464,

WILLIAMS, A.T. 1971. An analysis of soume factors involved
in the depth of disturbance of beach sand by

waves. Marine Geology, 11, 143-158,

WILLIALS, PedJ. 1957. The direct recording of solifluction
movements, American Journal of Science,
255, 705-T15.

WILLIALS, W.W. 1960, Coastal Changes. Routledge and Kegan

Paul, 220 pp.
WILSON, W.S. 1966. A method for calculating and plotting

surface wave rays. United States Army,

Coastal Engineerings Research Centre,

technical memo 17, 57 pp.

WOOD, A, 1968. Beach platforms in the chalk of Kent,

England. Zeitschrift fur Geomorphologie,
12, lo'i"'1130
V00D, HeA. 1950, Procedure in studying shorec erosion.

Canadian Geographer, 1, 31-%7.




198
YRIGHT, L.W. 1967. Some characteristics of the shore
platforms of the English Channel coast and
the northern part of the North Island, New

Zealand. Zeitschrift fur Geomorphologie,

11, 36"‘46.
YAMAOCHINU, H. 1964. On the retreat of the sea cliffs

along the Pacific coast at Haranomachi, Japan.

Geographical Review, Japan, 37, 138-146.

YATSU, E. 1966. Rock control in Geomorphology. Sozosha,

Tokyo, 135 pp.

YOUNG, A. 1972. BSlopes. Oliver and Boyd, 288 pp.

ZEIGLER, J.M. HAYES, C.R., TUTTLE, S.D. 1954. Beach
changes during storms on the Outer Cape Cod,

Massachusetts. Journal of Geology,67, 318-3%6,

ZENKOVITCH, V.,P., 1960. PFluorescent substances as tracers
for studying the movement of sand on the sea

bed.. Dock and Harbour Authority, 40, 280-283.

ZENKOVITCH, V.P, 1967. Processes of Coastal Development.

Oliver and Boyd, 738 pp.



	450545_vol.1_001
	450545_vol.1_002
	450545_vol.1_003
	450545_vol.1_004
	450545_vol.1_005
	450545_vol.1_006
	450545_vol.1_007
	450545_vol.1_008
	450545_vol.1_009
	450545_vol.1_010
	450545_vol.1_011
	450545_vol.1_012
	450545_vol.1_013
	450545_vol.1_014
	450545_vol.1_015
	450545_vol.1_016
	450545_vol.1_017
	450545_vol.1_018
	450545_vol.1_019
	450545_vol.1_020
	450545_vol.1_021
	450545_vol.1_022
	450545_vol.1_023
	450545_vol.1_024
	450545_vol.1_025
	450545_vol.1_026
	450545_vol.1_027
	450545_vol.1_028
	450545_vol.1_029
	450545_vol.1_030
	450545_vol.1_031
	450545_vol.1_032
	450545_vol.1_033
	450545_vol.1_034
	450545_vol.1_035
	450545_vol.1_036
	450545_vol.1_037
	450545_vol.1_038
	450545_vol.1_039
	450545_vol.1_040
	450545_vol.1_041
	450545_vol.1_042
	450545_vol.1_043
	450545_vol.1_044
	450545_vol.1_045
	450545_vol.1_046
	450545_vol.1_047
	450545_vol.1_048
	450545_vol.1_049
	450545_vol.1_050
	450545_vol.1_051
	450545_vol.1_052
	450545_vol.1_053
	450545_vol.1_054
	450545_vol.1_055
	450545_vol.1_056
	450545_vol.1_057
	450545_vol.1_058
	450545_vol.1_059
	450545_vol.1_060
	450545_vol.1_061
	450545_vol.1_062
	450545_vol.1_063
	450545_vol.1_064
	450545_vol.1_065
	450545_vol.1_066
	450545_vol.1_067
	450545_vol.1_068
	450545_vol.1_069
	450545_vol.1_070
	450545_vol.1_071
	450545_vol.1_072
	450545_vol.1_073
	450545_vol.1_074
	450545_vol.1_075
	450545_vol.1_076
	450545_vol.1_077
	450545_vol.1_078
	450545_vol.1_079
	450545_vol.1_080
	450545_vol.1_081
	450545_vol.1_082
	450545_vol.1_083
	450545_vol.1_084
	450545_vol.1_085
	450545_vol.1_086
	450545_vol.1_087
	450545_vol.1_088
	450545_vol.1_089
	450545_vol.1_090
	450545_vol.1_091
	450545_vol.1_092
	450545_vol.1_093
	450545_vol.1_094
	450545_vol.1_095
	450545_vol.1_096
	450545_vol.1_097
	450545_vol.1_098
	450545_vol.1_099
	450545_vol.1_100
	450545_vol.1_101
	450545_vol.1_102
	450545_vol.1_103
	450545_vol.1_104
	450545_vol.1_105
	450545_vol.1_106
	450545_vol.1_107
	450545_vol.1_108
	450545_vol.1_109
	450545_vol.1_110
	450545_vol.1_111
	450545_vol.1_112
	450545_vol.1_113
	450545_vol.1_114
	450545_vol.1_115
	450545_vol.1_116
	450545_vol.1_117
	450545_vol.1_118
	450545_vol.1_119
	450545_vol.1_120
	450545_vol.1_121
	450545_vol.1_122
	450545_vol.1_123
	450545_vol.1_124
	450545_vol.1_125
	450545_vol.1_126
	450545_vol.1_127
	450545_vol.1_128
	450545_vol.1_129
	450545_vol.1_130
	450545_vol.1_131
	450545_vol.1_132
	450545_vol.1_133
	450545_vol.1_134
	450545_vol.1_135
	450545_vol.1_136
	450545_vol.1_137
	450545_vol.1_138
	450545_vol.1_139
	450545_vol.1_140
	450545_vol.1_141
	450545_vol.1_142
	450545_vol.1_143
	450545_vol.1_144
	450545_vol.1_145
	450545_vol.1_146
	450545_vol.1_147
	450545_vol.1_148
	450545_vol.1_149
	450545_vol.1_150
	450545_vol.1_151
	450545_vol.1_152
	450545_vol.1_153
	450545_vol.1_154
	450545_vol.1_155
	450545_vol.1_156
	450545_vol.1_157
	450545_vol.1_158
	450545_vol.1_159
	450545_vol.1_160
	450545_vol.1_161
	450545_vol.1_162
	450545_vol.1_163
	450545_vol.1_164
	450545_vol.1_165
	450545_vol.1_166
	450545_vol.1_167
	450545_vol.1_168
	450545_vol.1_169
	450545_vol.1_170
	450545_vol.1_171
	450545_vol.1_172
	450545_vol.1_173
	450545_vol.1_174
	450545_vol.1_175
	450545_vol.1_176
	450545_vol.1_177
	450545_vol.1_178
	450545_vol.1_179
	450545_vol.1_180
	450545_vol.1_181
	450545_vol.1_182
	450545_vol.1_183
	450545_vol.1_184
	450545_vol.1_185
	450545_vol.1_186
	450545_vol.1_187
	450545_vol.1_188
	450545_vol.1_189
	450545_vol.1_190
	450545_vol.1_191
	450545_vol.1_192
	450545_vol.1_193
	450545_vol.1_194
	450545_vol.1_195
	450545_vol.1_196
	450545_vol.1_197
	450545_vol.1_198
	450545_vol.1_199
	450545_vol.1_200
	450545_vol.1_201
	450545_vol.1_202
	450545_vol.1_203
	450545_vol.1_204
	450545_vol.1_205
	450545_vol.1_206
	450545_vol.1_207
	450545_vol.1_208
	450545_vol.1_209
	450545_vol.1_210
	450545_vol.1_211
	450545_vol.1_212
	450545_vol.1_213
	450545_vol.1_214
	450545_vol.1_215

