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storm Frequency Winter 1971 

Winter 1972 

18 

14 

Summer 1971 

Summer 1972 

6 

10 

(A storm is defined as more than two consecutive days at 

Force 4 - this is based on data from an inland station -

Co1tisha11 - and is therefore equivalent to at least Force 5 

on the coast). Figure 47 shows the ground water levels 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 10 to 250 and normally consist 

of poorly sorted weathered rock debris in a soft clayey 

matrix. Mudflows hav,e been described in Northern Ireland 

by Prior et. ale (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 three diutinct 

morphological elements - a source area which j_:~ usually 

corrie sbaped, a flow track and a depositional Cl.T'ea. f.I'llc 

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 u very slight slope of between 1 0 and 

The average slope of the flow track is 15 0
, 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 10 - 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 [wd developr11ent 

over time. Temporary unccnfined nudflo~s also occur in 

Holderness and Suffolk in winter, however, confined Dudflows 

do not occur in these two areas - since as previously stuted 

there are no underground streams emergjng in tIle cliffs 

there. 
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Five 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 11m/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 bacbvall result in 

spring sapping and undermining of the backwall, this leads 

eventually to collapse and the material falls onto the 

'corrie' 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 mudf10w at Mundes1ey. 

Apri l 1971 



, 
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falling material and the pore water prcDsure within the 

mud in the 'corrie'. Hutchinson und Bhandari (1971) using 

electrical piezometers, have illustrated this mechanism, and 

used it to explain how mud can still slide on slopes 

considerably flatter than that corresponding to the 

limiting equilibriu~ 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 mu.dflow. 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. For instance a large mud deposit which 

spilled onto the beach below the Over strand C mudflow on 

20.1.71, had a volume of 50om3~ and was'completely removed 

within ten days. The mudflow 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 streneths - ranging from 

0.2 to 1.5 tons/m2 • (These were measured usintr, a hand shear 

vane - see Appendix 3B). These values of course, refer to 

the clay matrix - not to the blocks contained withJn that 

matrix. 

The mudflows '.vere sampled in order to dctermj_ne their 

cOQPocition. (See Appendix 3D for method and data). This 
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showed an average mud (.002m.m) percentage of 43~~, thiB lies 

between the mudflow~ described by Prior et.al. (196(3) which 

had more than 30~, and those described by Hutchinson (1970) 

which had 67%. The fact that the mud: sand/Gravel ratio is 

very sieilar for all the mudflows - 43:57, and that it 

closely corresponds to the avera~e 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 undereround streams. 

The moisture content of the mudflows was measured, 

:firstly to determ~ne 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 statj-stical 

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 

emerge, 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. ale (1968) had moir3ture 

contents between 30 and 60%, while those described by 

Hutchinson (1970) ranged from 18 to 49~~. Thus the Norfolk 

mudflows compare reasonably well with these. 
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In order to understand the form:ltion and developrLcnt 

of these mudfloVls, one particular one - Overctrand 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 clift' profiles in 

1962 and 1971. (The 1962 profile has been drawn from an old 

aerial photograph). Photoeraph 4 shows the mudflow in 1971, 

and an aerial Photograph taken in 1962 (reference 

aerofilms AI06659) 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 ~ 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 contcnt 

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 usine a sinple model 

based on the area of the bo.ckwall and the 'corrie' - thin 

shoV/S basal incorporation supplies 25~;" and ~3J ide;] 1 :::~n( 

falls - 75)~ of the total in]mt. 



Figure 48 
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This idea was tested on this mudflow by rneanurin{~ tho 

inputs and outputs over one year. The :Lnpu ts \','ore rrwasurc:d 

by placing stakes near the edge of the backwnll, thus USi.DC 

the edce retreat and the heieht of the baekwall, thc voJ.UJne 

of the inputs could be calculated. The output was obtained 

by measuring the mudflow accumulations on the beach plus the 

volume removed in suspension by the stream - see next section. 

(The data ~s given in Tables 73,74). These figures show an 

output of 14,OOOm3, and the measured input from the backwall 

was s,Ooom'. The level of the mudflow surface was measured 

(see Appendix 3B), this showed a lowering of O.7m over a 
-1 two month period, hence giving 4.2m yr , which if 

multiplied by the area of the 'corrie', gives a loss of 

3,600m3• Thus this gives a total input to the 'corrie' of 

3 11,600m t 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). 

Th o b d t h I 0 of 4m yr- l d 0 1S U ge sows a ower1ng , an S1nce 

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 occur. Thus thi.s sub-group 

of landslides, although important in explaining much of the 

form variation in the cliff profile in steady state time, 

beco~es indistinguishable as a separate type of landslide 

over graded time. 
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In contrast to the intermittent nature of the 

landslides, water erosion is a continuous mechanism that 

transports material from the cliffs to the beach and 

offshore zone. The relative importance was illustrated in 

the previous section 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 volwne 

supplied to the beach, these small streams can never equal 

the volumes supplied by the large rotational landslides. 

The discharge of the streams at each site was measured 

weekly. At Weybourne there are no streams, at Sheringhmn 

the only stream is the one associated with the mudf10w there -

the same with the Mundesley site, but at the Overstrand site 

there are far more streams - 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 30 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 volume removed in 

suspension. Nor is there any correlation between the 

suspended volume and the stream discharge - d:Lscharge values 

being extremely uniform in comparison to suspension values -

Standard Deviation of Overstrand C Discharee (1971) = 1.2 

Standard Deviation of Overstrand 0 Suspended Sedi~ent 

(1971) ;:0 874.0 

(See Table 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 

suspension volumes between the different streams - ranging 

from 1m3 to 3,OOOm~ in two mo~ths, the very high values being 

associated with the active mudflows - auch as Overstra~d 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 streaos represent extremely efficient 

transport mechanisms by which material is removed from the 

cliffs to the offshore zone. 
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(4) WIND EROSION 

This is again a continuous proceao, but its effect is 

often masked by the over-riding importunce of other 

mechanisms such as landslides. However, at the ShorinC}18.m 

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 more important in the 

SUIDnier since the cliffs are drier then due to hieher 

evaporation, and also landslides are less frequent so the 

wind erosion process appears to dominate the system. 

The eroded materi"al accumulates to form sand fans 

banked up against the cliff face (see Photoeraph 10). In 

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 grow~h decreases since the cliff face 

is no longer exposed; and so storm waves, which are more 

frequent in winter, are essential to remove these 

accumulations so that the process nay continue. For instance 

one sand basin near West Runton (G.R. 181434) lost 4,OOO~3 
of sand between January and October 1972, this formed a 

huge fan which extended gam along the cliff, and was 

conpletely 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 volunes are removed by wind crooion. 

However, apart from this site, the process is not important 

as a ~8~n3 of removing naterial from the cliff system. ~his 

',';;).8 chocked by r:1easur1ng Gta~:c exposure at tl1c :,;Ullcl.GsloJ 81 te 

over two years. This sho~ed that over the 100m long siLe 



Photograph 10 

129 

Sand fan accumulation at the cliff base 

at West Runton. 

August 1972 
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the 1080 wns only 4m3 yr- l over the whole cljff face. 

These four processes represent mechanj sma by wldch 

Daterial ~oves from the cliff face to the beach. HOWOV8T, 

it in iT'1:portant to stress here that unless the !:1i.!, terj,al is 

removed from the beach by wave enereYt then these procosses 

could not continue to operate. Yet wave energy does not only 

act as a removal agent, for during storms and especinlly 

storm Burees (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 

quantitative 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. 
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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 dynnmic equilibrium 

appears to fit both time spans. The importance of the time 

scale is further stressed by applying Wolman and Miller's 

(1960) concept of magnitude and frequency in order to determi.ne 

whether, in this system, the sinele catastrophic event is 

more important than the moderate event in terms of work done. 

This will be used to explain the variation in retreat rate 

between the two years, and further to consider the relative 

importance of the separate mass movement mechanisms in this 
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light. Finally 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 TEru~ AND LONG TERM SYSTEM CHANGES 

" 

The total volume lost from the system was measured at 

four sites over 1971 and 1972. In 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 base, 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 (m3) Retreat rate m yr -1 

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 anyone 

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 data 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 measurements made during 1971 and 1972 (see 

Chapter 5). The generalised totals are smmnarised below for 

the cliffs between Weybourne and Mundesley:-

Volume lost 1971 1,400,000m3 

Volume lost 1972 300,000m3 

Mean volume lost 1971/1972 800,000m3 

Mean volume lost over 80 years 700,000m3 

The mean present day value and the 80 year average value 

compare remarkably well considering the accuracy and 

extrapolation involved. 

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 

neyer 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 drainctf,e bar3in, so 

it is not likely to refer to a cliff face undergoing 

numerous mass movement processes - some of which are of an 

intermittent nature. A more meaningful approach with this 

system may be to try and define ranges of dynamic equilibriwn -

-It· 1 for instance over the 10 yr 1mc sea e Norfolk shows a 

-1 1 2 -1 range of 1m yr ,and over the 0 yr - the range is O.lm yr 

(see Figure 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 ~o 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 for 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 levels for short 

periods. If this co-incidcs with storm wave conditions a~d 

high spring tides, then coastal erosion will be severe. The 

famous 1953 surge was caused by an intense depression which 

moved south east across the North Sea, this was accompanied 

by gale force northerly winds which resulted in an influx 

of water and raised the genernl level of tlJe :;orth Sea 

by 60cm. The surge height \'las 2.5m above the pred1cted 
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level at Yarmouth. Thus the very high water level unJ the 

storm waves, which '.'vere estimated at 6m j.n the southE..'rn 

North Sea - King (1972), resulted in widespread floodj.ng 

and coastal erosion. However, it is very difficult to obtQjn 

an accurate estimate of the amount of cliff erosion that 

resulted. Various people such as Williams .(1956) record 

cliffs retreating between 10 and 30m overnight. However, 

these estimates refer only to isolated points and so are not 

very meaningful, and there are no records of the voltrne lost 

over a length of cliffed coastline. Hume and Schalk (1967) 

show that along the Alaska coast near Point Barrow a storm 

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 and 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 hieh 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. 
0 22.11.71. 330°), - 270 , - and the fetch is limited 

in this direction (see Chapter 2), so the v,'aves were not as 

high as during the 1953 event - the estimated height at 

Yarmouth on 22.11.71. 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 dacage -

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 const in Suffolk). 

Thus only in a few places did tIle waves even rC:tch t~1e 
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cliff base. Another reason accounting for this, is thc fact 

that this coast is now almost completely defended. 

However, in Norfolk, north west winds are onshore and 

here the damage was severe. 11he whole clLfr lenst:l \vas 

measured in the three days after the surge, and all the new 

falls and landslides were recorded. Alon~ 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 154,150m3 , 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 1110 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 Mundes1ey retreated O.4m as a result of that 

one storm. The second higheflt retreat was between Sherincham 

and West Runton - O.14m. These two sections were the most 

severely affected. The Sheringham to West 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' -

Kine (1972), wave energy and scour being concentrated at the 

end of this wall. For the cliffs to th~ east of West RuntoD 

show a retreat rate due to the surge that is ten times less. 

It is interesting that the grente~3t damaGe VlaS clone to the 

cliffs between Overstrand and hlundGsley, for 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 cliffs 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, ~t is the moderate event of frequent 

(more than one per 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 

events, 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 and 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 
(%) . 

Weybourne 100 

Sheringha1.'1 

Overstrand 

Mundesley 

72 

73 

86 

Mudflows Wind Erosion 
C%) ( ~b) 

28 

7 

5 

Water Erosion 
( ~~) 

20 

9 
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rn' . """ In).,,) shows that landslides arc the moot important 

proceDS a.t all four sites, the ranking of the other 

mechanisms is dependent upon site characteristics. Thus over 

the short time and space scales, it :Ls the cataotroplLi.c event 

that dominates the system. Here the creater magnitude of the 

catastrophic event (landslide) easily makes up for the lower 

frequency, and so contrasts with the continuous 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 catastrophic 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 

scale 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 TER:il VARIATION - MUI/1.'IP1E 
COll:"ti1ATION r',TODEL 

Many geomorphic systems change so slowly that it is 

necessary to employ the ergodic hypothesis whereby space in 

substituted for time - Melton (1958). However, many coastal 

systems, including this system and in particular beach systeffis, 

have a much faster rate o~ change than other geomorphic 

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 GO to build an explanatory model 

vlithout recourfJe to the SUbstitution of space for tiln(:. 
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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 yearly 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 t~e two years. The monthly values of 

retreat are not as 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 event that occurred in the 

previous month. (A good example of this was the storm Buree 

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 = +0.3895 
. 

Retreat Rate and Relative Humidity r = +0.0947 

Retreat Rate and Wave Energy r = -0.1115 
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All the correlations show the expected trend except wave 

ener{;y. Hm'lcver, this variabJ.e correlates POf3i ti v[;1.v w1.t1'1 

retreat rate (r = +0.3118) if month 11 is omitted. This is 

beCaU~j8 the storm suree of November 1971, although caus:i.nr; 

considerable erosion, was not associated with very hiGh wave 

energy values - for the main wind direction was betwoen west 

and north west, where the fetch is limited. Thus during the 

surge, moderate storm waves coupled wi th the raised V'.'ater 

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 be used 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. Finally the significance and the 

percentage of the explained variation has been calculated -

Table 96. 

This shows that storm frequency alone explains 51% of 

the total temporal variation in retreat rate, and this is 

significant at p.05. The second independent variable, 

rainfall, explains an additional l2~ of the variation, and 

this is again significant at p.05. However, addine the other 

two independent variables, hieh tide mark frequency and 

relative humidity, does not improve the corrcJ.ation at all. 

This is obviously becau~e they are highly correlated with 

the first two independent variables, and were only really 

included as a 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 result - 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 40. 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 

Retreat Rate and Rainfall 

Retreat Rate and Wave Energy 

Retreat Rate and Relative Humidity 

r = +0.3283 

r = +0.2847 

r = +0.3556 

r = +0.4689 

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 to the fact that monthly values 

were used in each case, and the only way to improve the 

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 38%, 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 variables, 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 representative in the normal sense. 

Thus, both years used in this model, are to some 
• 

extent 'freak' years, 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 
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of 4:1, and one may tentatively sucgest from this tllat wave 

energy is the main cause of cliff retreat. ThuG, using this 

conclusion in the next chapter, the interaction between the 

main process causing cliff erosion - wave enerGY, and the 

various form elements of the cliffs, will be examined in 

order to determine the relative,importance of form and 

process over time. 
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CHAPTER 5 

EXPLANATORY MODEL OF THE SPATIAL VARIATION 

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 different time 

and space scales have to be incorporated. Since the system 

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 thin correlation a linear-type model is being assumed, 

first one independent variable explains as much of the 

variation as it can, then while controlling :for the first 

independent variable a secon6 independent varj.able is allo~ed 

to explain any remaining variation. Thin process can be 

extended lndefinitely. 
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The model haD been divided into three spatial 

scales:-

Scale I -lkm 

Scale II - 30 - 60km 

Scale III - 100lon + 

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 seconc.l scale 

will also be used to incorporate the time factor, in that 

spatial variation over 80 years and over 2 years will be 

compared. The diagram below summarises this. 

Unconsolidated Quaternar;y Cliffs Scale III 

; 
f I 

Holderness Norfolk Suffolk Scale II 
I I 

80 
I ' 

80 years 100 years years 2 years 

Retreat. Retreat. Retreat. Retreat. 

1 kni 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 Scnle III. 
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VARIATION WITHIN SCALE 1 

The Sheringham site in Norfolk (l.5km long) was 

selected to represent this scale. This site was chosen 

because detailed data over two years had been collected here, 

and also these data showed a consistent and marked variatiqn 

in 'retreat rate. This one site was divided into six equal 

sections, and the retreat within each section was measured -

as described in Chapter). At this scale the geology factor 

may be considered uniform sinoe the whole site lies within 

the marly drift, oliff 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 173434 yet 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 variatipn 

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 steepness, have not been measured at close 

enough intervals to be used at this scale. 
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Hence the variation in retreat rate w:i.th.Ln thin one 

site must be related solely to the wave ener~y 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 baDe and hiCh 

tide mark was measured at each of these six sections every 

week, and the mean distance for 1971 and 1972 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 voluue lost due to landslides 

(see Table 100) is correlated with the high tide mark 

variable, 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 valid 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 lkm the retreat rate varies by a factor 

of 10, from 0.07m yr-l to 0.7m 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 variution will 

be seen to contrast mar~edly with the next scale, where 

in all three cases at least thrco variables ar8 requIred to 

explain a similar percentage of the retreat r,'J.te varIati.on. 



151 
So the next stage in this model is to consider the 8ume 

system variables, but to increase both the time and space 

scales. 

VARIATIO~ WITHIn SCALE II 

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 101. 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 si.gniflcance is 

given in Tables 102, 103. The percentage of the variation 

explained is sumnarised below:-
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Retreat Rate (1) and Geology 
Factor (2) 33 

(1) (2) and Cliff Height (3) 40 

(1) (2) (3) and Distance to 
High Tide Mark (4) J6 

(1) (2) (3) (4) and Water Discharge (5) 56 

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5) an d Wa v e 
Energy (6) 84 

(1) (2) (3) (4) (5) (6) and 
Offshore 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.Ol. 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 ~s possible that this variable has, to 

some extent, been included in the form properties that have 

been measured. For it is usually found with these 

multivariate models that the 'law of diminishing returns' 

operates - in that as the percentage of the explained 

variation increases, additional variables do little to 

improve the explanation. 

The Norfolk site shows that over graded time, ecology 

and cliff height variables explain 40% of the spatial 

variation, but that water discharge does not improve the 

level of explanation at all - for as shown in Chapter 2, 

this is already included, to some extent, in the geolofY 

variable. It might have been expected that cliff heipht 

\"lOuld improve the explanation by more than 7/'~' however, ns 

was prevj,ously mentioned, a threshold value exiuts, 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 process variables (wav~ 

en"ergy, 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, 

. cliff 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 

Retreat Rate (1) and Geology Factor (2) 

(1) (2) and Cliff Height (3) 

(1) (2) (3) and Wave Energy (4) 

(1) (2) (3) (4) and Offshore 
steepness (5) 

Percentage of the 
Variation Expla~ned 

37 

37 

56 

57 

Thus here there is a similar picture to Norfolk, with 

geology explaining nearly 40% and wave energy explaining 

an additional 20%. The correlation is.significant at p.05. 

Cliff height does n~t 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 1% - obviously because it 

is highly correlated with wave energy. The percentueo of 

explained variation here is less than for Norfolk, by 30%. 

This is firstly because fewer independent variables have been 

included here. For ,although i~ 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 variables and the distance to high 

tide mark variable. They are both indicators of wave eneray -

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 model has been based 

initially on the Holderness data the situation would probably 

have been reversed, for other variables might have boon 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 retreat rate 

due to refraction by the offshore banks. Thus this J.eft three 

independent variables - cliff heieht, offshore sto8pneSD 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 

Retreat Rate (1) and Cliff Height (3) 

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

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

Percent aRe of the 
Variation ~xplainQ~ 

38 

59 

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 significant 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 areas are similar 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 (Scale II), the Norfolk 

data will be used to compare the importance of form and 

process in graded time (102 years) with steady time 

(10-1 years). 

Spatial Variation over Graded and Steadl Time 

A retreat rate over the 2 year period, 1971 - 1972, 

was obtained from cliff edge measurements. The distance 

from various features to the cliff edge was measured at 

200m intervals at the end of 1970, 1971 and 1972. Thus tIle 

retreat over the two years was calculated, these vaJ.ucs were 

related to ~he site positi6ns - see Table 110. As has bonn 
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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 'r' (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 

more important over the long term than over the short term, 
• 

whereas water discharge is important ove~ both time scales. 

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 in 

significant on both scales. As reBards the ~ave energy 

variables, all except the distance to high tid8 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 d~e 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 50 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 

Retreat Rate (1) and Oliff 
Height (2) 

(1) (2) and Offshore steepness (3) 

(1) (2 ) (3) and 'j{ave Energy (4) 

(1) (2) (3) (4) and Water Dischar,e 
(5 

(1) (2) (3) (4) (5) and Hieh Tide ~ark 
Variable (6) 

(1) (2) (3) (4) (5) (6) and GeolOGY 
Factor (7) 

Percentarre of the 
Variatio~ Explained 

53 

66 

71 

76 

82 

82 

Thus here a form va:cio.ble, cliff heicht, explc:1iYls over 

50~~ of the spatinl variRtion. The benlo.'::y factor doe~) nut 

iEl}Jrove the correlation at all, and ','Ialer diDct;~:ge 
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increases the level of explanation by 5%. So here cliff 

form accounts for nearly 60% Qf the spatial variation in 

retreat rate, while wave energy variables explain the 

.. 20d remalnlng /0. The correlation with three variables is 

significant at p.Ol, and the correlation with six variables 

is significant at p. 05. (See Table 113). . 

This may be compared with the multiple correlation for 

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

Variables 

Retreat Rate (1) and High Tide Mark 
Variable (2) 

(1) (2) and Water Discharge (3) 

(1) (2) (3) and Beach Steepness (4) 

(1) (2) (3) (4) and Cliff Height (5) 

(1) (2) (3) (4) (5) and Wave 
Energy (6) 

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

?ercentage of the 
Variation Explained 

44 

55 

56 

57 

67 

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~~f yet the actual variables 

differ in importance over the different time scales. Over 

the 2 year period, only the first ·two variables (high tide 

mark variable and water discharge) are significant - see 

Table 116. This contrasts with the 80 year period - where at 

the level of five independent v~riables the correlation is 

still sicnificant at p.DS. This is to be expected, since 
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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, and 

the process variable was high tide mark distance for the 

2 year mean, and offshore steepness for the 80 year mean. 

High tide mark 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:-

Form 

Process 

Unexplained 
Variation 

2 year Correlation 
% Explanation 

10 

36 

54 

80 year Correlation 
% Explanation 

53 

12 

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 contrast 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, anu GO 

the cliff form variables are more important in explaining 

the spatial variation in retreat rate. While in contrast, 

over steady time (10-1 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 most important control of landscape 

variation, whereas over steady time the situation is 

reversed. This, in many ways, returns to the ideas of 

VI.M. Davis, who always stressed the importance of structure 

as a control in the landscape, and although he was referring 

mainly to cyclic time (104 years), the results here may well 

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 
I 

variables have been considered :- offshore steepness, 

geology factor and cliff height. Offshore steepness \\'as 

selected because this was the only wave energy variable 

that gave meaningful results for all three sites. Usine; 

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 aC}lieved 

has b(~en calclllatod (see Appendix 5D) aYld is ~-,u;L":13.riGcd 

hcrc:-



Holderness:-

Norfolk:-

Suffolk:-
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Retreat Rate, Geology, Offshore steepness, 

Explanation = 52% 

Retreat Rate, Geology, Cliff Height, Offshore 
Steepness 

Explanation = 56~ 
Retreat Rate, Cliff Height, Offchore 

Steepness 

Explanation = 59~ 

Thus it may be concluded that there are two oain 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 cliffs. 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. 

In conclusion, it is interesting to compare the number 

of variables rCJuired to explain the variation at different 

spatial scales. At Scale I (lkm) the degree of apparent 

uniformity in so great that there is only onc independent 

variable that is measurable. This contrasts with 

Scale II (jO - 60k~) where the greatest variation is found, 

and here Dcven separate variables become significant. 
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Finally at Scale III (lOOkm) the level of generalisation 

increases such that only two variables are really sienificant. 

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 placed 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 accepted 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 at.al. (1965) who 

advocate the advantage of scale standardisation in 

geo~raphy, yet it seems that these concepts are only rarely 

used in actual research. The spa tial sc.Q les sn '"poe .,,+ ed ' 
~ ~Go 0~_ ln 

Chapter 5 could presurn2bJy 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 i.s 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 relationships individually that they 

can be recognised. Even then it is all too easy to assume, on 

finding a low correlatio·n 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 

relating 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 

scientific method." 
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