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TabJ.e 2(3 

HOLDERlTSS0 - VOIJU?,m AN1) Cm.1POSI1'ION OP 

Slte R.R. Heip;ht Dj.st. Total , Nl11d .. -
-1 m3yr -1 7. -1 m)yr-1 

No. lli yr I'.l m m.Jyr -
1 0.18 22 4830 19127 2295 7268 

2 0.67 8 4830 25889 6213 19676 

3 0.67 10 2420 16214 11349 4864 

4 1.56 7 2010 21949 6,146 15803 

5 1.38 11 4430 67247 16139 51108 

6 1.04 16 4990 83034 19928 63103 

7 1.40 17 2980 70924 24823 46100 

8 1.43 IB 1610 41441 13261 28180 

9 1.34 19 3620 92165 29493 62672 

10 1.16 19 4B30 106453 34065 72388 

11 1.10 27 2580 76626 26819 49807 

12 1.04 19 2900 57304 13753 43551 

13 0.70 10 3:580 23660 5678 17982 

14 0.56 16 4990 44710 10730 33980 

15 1.46 23 41C:JO 140700 49245 91455 

16 1.83 19 2010 69889 16773 53115 

17 1.80 5 2900 26100 6264 19836 

18 2.00 11 1130 24860 5966 18894 
• 

TOTATJ 1008291 . 298940 69978? 

The chalk percentage has been omitted because of its 

very low valu.e. 
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Append ix .2B 

Trlblc 29 

GEOLOGY 2ACTOR - HOLDERNESS 

---
Site lJ o. Geo1ol';,v Pactor (mlJd% minus chalk ( f ) 

1') 

1 0 

2 88 

3 42 

4 84 

5 88 

6 88 

7 77 

8 80 

9 80 

10 80 

11 77 

12 88 

13 88 

14 88 

15 77 

16 88 

17 88 

18 88 

A constant (k = 12) has boen added to all the figures. 
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ArH)(:rclix 2H .. --"---
Table 30 

GEOLOGY FhC?OR - NORFOLK 

- ----

Site No Geolop;;t l"actor (mud % m1nus chalk I~ ) 

1 2.58 

2 0 

3 59.42 

4 32.36 

5 48.80 

6 81.85 

7 46.08 

8 58.91 

9 57.17 

10 97.40 

11 73 .• 70 

12 67.03 

13 58.44 

14 65.63 

15 111.60 

16 69.64 

A constant (k == 24) has been added to all the fiGures 
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WATSR DISCHARGE ~EASUREMENT 

The data was collected on 6-~)-72. The velocj.ty wU .. i3 

measured by timing the movement of dye over a measured 

distance, this was repeated th!ee times to provide a 

check. The cross sectional area was measured with a tape 

measure, and finally the discharge was calculated. This 

method only made it possible to measure the streams with a 

definite outlet, no allowance was made for seepages across 

the cliff face - however, these are very small in number 

. compared with the streams. 

GROUND \7ATER LEVELS 

The boreholes were made by Messrs Mobbs and English 

for the City of Norwich Water Department. The well was at 

Pleasuance in Overstrand, and the work was carried out 

between 30-10-71 and 5-11-71. "The graph (Figure 24) shows 

that the ground water level fluctuation is on average three 

hours behind the tidal curve. The time lag is to be 

expected in vievv of the distance from the cliff edge - 30m. 



Appendix 2C 

'l'rt.ble 31 

Site No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

DischarGe 

.00000 

.00050 

.00000 

.00300 

.00020 

.00020 

.00067 

.00293 

.00073 

.00611 

.00124 

.00040 

.00010 

.00000 

.00000 

.00000 
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:ihsc1l3.r(G x 10~O()9 

0.0 

5.0 

0.0 

30.0 

2.0 

2.0 

6.7 

29.3 

7.3 

61.1 

12.4 

4.0 

1.0 

0·0 

0.0 

0.0 
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Append:i x 2D 

In Norfolk the measurements were made from the beach 

at low spring tides, when a wide flat beach was exposed. 

At each site a distance of 50m was measured out normal to 

the cliffs. At each end of this line the angle to tho 

cliff top was measured using an Abney level, the accuracy 

of which was within half a degree. 

AP = 50 

Sine 180 - P Sine PAC 

R:::.-.L...---L-:!.-L--~ 
SOm 

Thus if 0<... = 25 AP = log50 + log Sine 140 - log Sine 15 

f = 40 = 124.2 

AB = AP Sine ~ 

AB = 52.48m 

Thus the cliff height, in this example would be 52.5m. 

The method used in Holderness and Suffolk just 

consisted of measuring the slope distance and slope angle. 
A 

AB = AC. Sine 0<.. 

C.c...J..~---~e 

The method used in Holderness and Suffolk is only suitable 

for lovi cljffs with a fairly uniform slope profj.le. 

However, the Norfolk cliffs are higher (50-60rn), and the 

profile is often complicated with mudflows, hence here the 

method of measuring from the beach waG used. 

No correction ha~ been made to bring tho valucs to 
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in each site in all three areas to accurutely conv~rL to 

height above Ordnance Datum, and this was not com:;:i.ciercc1 

necessary. In any case the correction would only be 

about 1m). 

The Norfolk values were measured every 200m, and so 

they had to be averaged to give a mean height for each of 

the 16 sites. 
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TABL::': 32 

NORFOU( - CLIP? Hi':IGHT 

Site No. Grid Reference Cliff Hcdf':ht (m) 

1A TGl12438 26.96 

2A 116437 23.10 

3A 118437 22.21 

4A 121437 23.20 

5A 123436 22.06 

6A 126436 23.76 

7A 128436 21.14 

8A 131436 29.96 

9A 134435 24.35 

lOA 136435 32.11 

11A 138435 24.88 

12A 143435 14.19 

13A 145435 34.18 

14A 147435 30.87 

15A 149435 41.77 

16A 154435 23.94 

17A 155435 18.33 

IE 160435 10.90 

2B 162435 18.33 

3B 1654-35 42.65 

4B 167434 76.76 

5B 170434 31.26 

613 173434 25.01 

7B 176433 21.30 

8B 178L~)3 26.47 

9B 182432 24.00 
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s't H Grj.d Referenc e Cliff Hr~.i'·'ht Cm) J. e J~ (~. _ .. ''"'-

1013 184432 26.4'1 

lIB 187431 17.39 

l2B 189431 20.45 

13B 192431 31.95 

14B 19'5430 28.87 

15B 197429 39.99 

16B 199428 24.44 

17B 202428 25.07 

18B 206427 27.05 

1C 207427 28.45 

2C 209427 22.68 

3C 211426 32.12 

4C 213426 35.97 

5C 216426 32.70 

6C 218425 18.33 

7C 221424 32.70 

8C 224423 36.29 

9C 226420 51.16 

10C 228418 74.42 

l1C 231417 76.12 

12C 233416 69.13 

13C 235415 61.22 

14C 241414 46.02 

15C 243413 37.67 

16C 246412 25.86 

17C 248410 25.53 

18C 251409 31.11 

19C 253407 35.59 

20(; 255406 34 (r: '. ,):.> 

ID 25740/~ 45.03 
'--



'-/0 

Si to }\;o. I Grid He:f:erencG Cliff r:'_~X:~h~ (m) 
. ..... ---

2D 259403 ?7.(i) 

3D 261402 63.63 

4D 264400 52.91 

5D 266398 54·.24 

6D 268397 60.36 

7D 271396 45.14 

8D 273395 39.34 

9D 275393 44.82 

IE 278392 51.18 

2E 281390 47.06 

3E 283388 66.31 

4E 285387 65.83 

5E 287386 43.63 

6E 290384 50.19 

7E 292383 61.60 

8E 294333 70.57 

9E 297381 40.98 

10E 29837g 47.53 

lIE 301377 33.93 

12E 303376 34.17 

13E 306375 28.54 

IF 307374 43.03 

2F 308373 35.80 

3F 310371 29.43 

4F 314368 25.07 

5F 316367 21.80 

6':"1 1: 318364 19.~59 

7F 319363 31.82 

IG 321362 27.J2 

2G 324359 30.(;7 
- I. - ,-
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Site No. G rj_d l? (;f:;renc (; C1jff 1 I P.1 '1'"ll t .. (rn ) . --' ...... 
.~-. 

3G 325357 3( ')-) • '-- :.> 

4G 327356 38.03 

5G 329354 33.57 

6G 331353 24.35 

7G 333350 2,1.15 

8G 335348 18.36 

9G 337347 14.64 

lOG 339345 11.74 

11G 342343 8.39 

12G 344342 7.18 

13G 346340 7.60 

14G 348338 7.92 

15G 350336 10.34 

16G 353335 8.68 

5H 369324 15.32 

6H 370323 14.23 

7H 373321 14.73 

SH 375319 16.32 

9H 377317 19.58 

Ion 379316 15.36 

11H 3S1314 14.72 

12H 383312 4.66 

No measurements exist between 17G and 4H, because of the 

very low cliffs here which are now completely faced by a 

concr8te ... mll. 
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ApPf:ndix 2D 

Tnble 33 

CLIFt' J-fEIGET VALUES - H()T;DERHESS, NOHPOIJK AND suPyOU\: 

Holderness Norfolk Suffolk 

Site No. Height Site No. Height Site No. Height 

(m) (m) (m) 

1 22 1 23.9 3 14 

2 8 2 24.1 4 5 

3 10 3 26.1 5 16 

4 7 4 33.7 6 12 

5 11 5 26.8 7 12 

6 16 6 25.9 8 8 

7 17 7 59.2 9 14 

8 18 8 30.3 10 16 

9 19 9 47.4 11 20 

10 19 10 51.3 12 12 

11 27 11 47.7 16 3 

12 19 12 29.5 17 6 

13 10 13 ~! 28.7 18 16 

14 16 14 9.7 19 10 

15 23 15 7.3 

16 19 16 14.2 

17 5 

18 11 



Appendix 21) 

Table 3t1r 
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SLOPE Ai;(; LSS - HOLDERNES S, N ()HFOLK, SUFl"OTJ( 

Holderness Norfolk 

Site No. Slope Site No. Slone Site • 

Angle Angle 

(0) (0) 

1 43 1 90 3 

2 38 2 50 4 

3 51 3 45 5 

4 57 4 65 6 

5 46 5 33 7 

6 54 6 51 8 

7 45 7 31 9 

8 42 8 47 10 

9 48 9 37 11 

10 46 10 27 12 

11 52 11 48 16 

12 33 12 37 17 . 

13 53 13 38 18 

14 29 14 43 19 

15 53 15 66 

16 42 16 54 

17 70 

18 56 

Suffolk 

No. Slope 

An~le 

(0) 

37 

36 

24 

23 

46 

43 

41 

34 

43 

26 

32 

39 

32 

34 
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·Appendix 2£ 

\'!AVE ~~I;BWjY CALCULicTION 

(1) Four years were selected for measurement - 1963, 1965, 

1968, 1971, these were the only years within the laot 

eleven for which complete records existed at Gorlcston, 

all the other years had some months missi~g. Vollbrecht 

compared his selected years with a 35 year mean, this was 

not done here for the data was only used in a relative 

sense, and since the same years were used for all three 

areas, they were comparable. Hourly values of wind speed 

and direction were averaged to give one value per 24 hours 

for Gorleston, and for Kilnsea for Holderness. 

(2) In each area three sites were selected, their orient­

ation measured, and the fetch calculated for every 10 

degrees. Then the efficiency of the angle of wave 

approach was calculated using the graph - Figure 29, which 

has been reproduced from Vollbrecht's paper (1966). This 

is based on the formula:-

Et ::: Eo.Sine ao·Cos a o (LILa)'. 

Et is the wave energy component parallel to the shoreline, 

a is the angle of wave approach, 

L is the wavelength corrected for shallowing water. 

The graph also shows that winds blowing parallel to the 

coast convey some energy to the shoreline. Tables 35-37 

give the orientation, angle of approach, efficiency and 

fetch at each site. 

(3) Bretschneider's graph of energy plotted against fetch 

for cli:fferellt wind speeds wa~3 used to calcUlate wave 
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85 
energy. This had to be extrapolated to account for 

greater fetche8. Davies (1972) shows thut chanecG in 

fetch are important up to l500km. However, here thJ;) 

results in giving swell waves too high an energy vul~c, 

which is the major disadvantage of the method. For each 

day the average wind speed was converted to wave enerGY 

using this graph. The figures referred to 24 hour values, 

so the duration lines on the graph were not used. Then for 

each day the wave energy was multiplied by the efficiency 

factor relating to that direction. Thus for each of the 

ten sites, total-wave energy was calculated for each of the 

four years, the component directions were also separated -

north/south in Holderness and Suffolk, east/west in Norfolk _ 

see Tables 38 - 42. 



86 
Appendix 2E 

Table 35 

(1) WilsthorEe (G.R. TA172640) 

Direction (0) Angle (0) ~fficienc;y (5~ ) Fetch (n.m. ) 

320 -50 North 2 100 

330 -40 3 100 

340 -30 4 210 

350 -20 7 1600 

360 ~10 10 2 

010 0 18 2 

020 10 35 2 

030 20 60 3 

040 30 80 5 

050 40 95 530 

060 50 100 350 

070 60 90 360 

080 70 70 340 

090 80 38 340 

100 90 0 225 
- - - - - - - - ------- -- - ------- --------

110 80 South 38 205 

120 70 70 210 

130 60 90 210 

140 50 100 210 

150 40 95 80 

160 30 80 80 

170 20 60 80 

180 10 35 80 

190 0 18 80 

200 -10 10 BO 

. 
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.Direct ion .i ° ) An;::rle • 

(0) Effie:iene;y (~t ) }'e tell (n.rn.) 
---

210 -20 7 80 

220 -30 4 80 

230 -40 3 80 

240 -50 2 82 

(2) Hornsea (G.R. TA211476) 

290 -50 North 2 100 

300 -40 3 100 

310 -30 4 100 

320 -20 7 100 

330 -10 10 100 

340 0 18 210 

350 10 35 1600 

360 20 60 12 

010 30 80 13 

020 40 95 500 

030 50 100 400 

040 60 90 390 

050 70 70 530 

060 80 38 350 

070 90 0 360 
- -- - - - - - -- - -- ------ -- - - ----

080 80 South 38 340 

090 70 70 340 

100 60 90 225 

110 50 100 205 

120 40 95 210 

130 30 80 210 

140 20 60 210 

150 10 35 eo 
160 0 18 80 
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Direction (0 ) Angle (0) Efficienc.y (~~ ) P('tch _ ... -.. (n.m. ) 

170 -10 10 tW 

180 -20 7 eo 

190 -30 4 80 

200 -40 3 80 

210 -50 2 80 

(3) Wi thernsea (G.R. TA345278) 

270 -50 North 2 100 

280 -40 3 100 

290 -30 4 100 

300 -20 7 100 

310 -10 10 100 

320 0 18 100 

330 10 35 100 

340 20 60 210 

350 30 80 1600 

360 40 95 2000 

010 50 100 1600 

020 60 90 500 

030 70 70 400 

040 80 38 390 

050 90 0 530 
- - - - - - - - -- ------- -- . ~ -- - - ---

060 80 South 38 350 

070 70 70 360 

080 60 90 340 

090 50 100 340 

100 40 95 ;!25 

110 30 80 205 

120 20 60 210 

130 10 35 ?10 
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-

Direction (0) Anr:] e (0) Effic:ienc~ (/~ ) Fletch (n.m. ) 

140 0 18 210 

150 -10 10 80 

160 -20 7 80 

170 -30 4 80 

180 -40 3 80 

190 -50 2 80 
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A ..:J • 21i.,~ ppenu.lx ~ 

Table 36 

NORFOLZ - ORIENTATION, E}'FICIENCY AND FETCH 

(1) Sherinrham (G.R. TG174434) 

toirectj_on (0) Angle (0) Efficiepcy (% ) ·Petch Ci. m. ) 

230 -50 West 3 60 

240 -40 4 60 

250 -30 5 60 

260 -20 7 60 

270 -10 10 60 

280 0 18 60 

290 10 35 60 

300· 20 60 50 

?10 30 82 60 

320 40 95 70 

330 50 100 120 

340 60 95 350 

350 70 70 600 

360 80 38 2000 

010 90 0 700 
- -- ---1------1-- - - - - - --t-----------

020 80 East 38 240 

030 70 70 240 

040 60 95 400 

050 50 100 370 

060 40 95 370 

070 30 82 360 

080 20 60 150 

090 10 35 150 

100 a 18 150 

110 -10 10 150 

---
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Direction (0) An,q:le (0) E;fficienc;y: (~~ ) PeLch n.m.) 

120 -20 7 150 

130 -30 5 140 

140 -40 4 140 

150 -50 3 140 

(2) Overstrand (G .R. TG256405) 

250 -50 West 3 58 

260 -40 4 58 

270 -30 5 58 

280 -20 7 58 

290 -10 10 54 

300 .0 18 46 

310 10 35 58 

320 20 60 69 

330 30 82 115 

340 40 95 345 

350 50 100 588 

360 60 90 2000 

010 70 70 690 

020 80 38 240 

030 90 0 240 - - -- - - - ---- ----------- --------
040 80 East 38 400 

050 70 70 370 

060 60 90 370 

070 50 100 360 

080 40 95 150 

090 30 82 150 

100 20 60 J.50 

110 10 35 150 

120 0 18 1:)0 



q2 

tDirection (0) Anp:1c (0) Efficicnc,J: (50 Fetch (n.m. ) , . - -
130 -10 10 140 

140 -20 7 140 

150 -30 5 140 

160 -40 4 140 

170 -50 3 140 

(3,4) TlIundesley and HaEEisburgh (G.R. TG322360, 382312) 

260 -50 West 3 60 

270 -40 4 60 

280 -30 5 60 

290 -20 7 60 

300 -10 10 50 

310 ... 0 18 60 

320 10 35 70 

330 20 60 120 

340 30 82 350 

350 40 95 600 

360 50 100 2000 

010 60 90 700 

020 70 70 240 

030 80 38 240 

040 go a 400 
1--- - -- f- - - - - ro------ - --1---- -- -

050 80 East 38 370 

060 70 70 370 

070 60 go 360 

080 50 100 150 

ogo 40 95 150 

100 30 82 150 

110 20 60 150 

120 10 35 150 
- - --J 
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Dj.rc; ct. i on (0) 1"..nr;le (0 ) Efficj.cmcy (J~ ) Fc:tch (n.m. ) 

130 0 18 140 

140 -10 10 140 

150 -20 7 140 

160 -30 5 140 

170 -40 4 140 

180 -50 3 140 
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Table 37 

SUFFOiY - OR IEll7 ATI ON, EF}'IC IENCY AND .l!'ETCH 

(1) Scratby (G.B. 155516) 

Direction (0) Angle (0 ) Effictency (~.~ ) Fetch n.m.) 

290 -45 North 3 100 

300 -35 4 100 

310 -25 6 100 

320 -15 8 100 

330 - 5 15 320 

340 5 26 1400 

350 15 46 1800 

360 25 70 2000 

010 35 90 580 

020 45 98 440 

030 55 96 540 

040 65 85 360 

050 75 50 350 

060 85 20 320 

070 85 0 120 
- - - - ---- ------ --- -------- --------

080 75 South 20 120 

090 65 50 110 

100 55 85 100 

110 45 96 95 

120 35 98 95 

130 25 90 85 

140 15 70 80 

150 5 46 go 

If)O - 5 26 90 

170 -15 15 100 
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Djrection (0) Antrle (0) Efficienc;z:: (~;; ) 11' (; tel.!. ( n • Ill. ) 

180 -25 8 105 

190 135 6 170 

200 -45 4 80 

210 -55 3 80 

(2) Carton (G.R. 991538) 

290 -50 North 3 100 

300 -40 4 100 

310 -30 5 100 

320 -20 7 100 

330 -10 10 320 

340 0 18 1400 

350 10 35 1800 

360 20 60 2000 

010 30 82 580 

020 40 95 440 

030 50 100 540 

040 60 90 360 

050 70 70 350 

060 80 38 320 

070 90 0 120 
- - - - - - - - - --- - - - - - - - - - - - -

080 80 South 38 120 

090 70 70 110 

100 60 90 100 

110 50 100 95 

120 40 95 95 

130 30 82 85 

140 20 GO 80 

150 10 35 90 
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Dircct;ion (0) Anr,-le (0) Eff'icienc.l (7~ ) }'ci:ch (n.m, ) 

160 0 18 90 

170 -10 10 100 

180 -20 7 105 

190 -30 5 170 

200 -40 4 80 

210 -50 3 80 

(3 ) Pakefield ( G.R. 887537) 

320 -50 North 3 100 

330 -40 4 320 

340 -30 5 1400 

350 -20 7 1800 

360 -10 10 2000 

010 0 18 580 

020 10 35 440 

030 20 60 540 

040 30 82 360 

050 40 95 350 

060 50 100 320 

070 60 90 120 

080 70 70 120 

090 80 38 110 

100 90 0 100 
------- - ----- ------ _. --------

110 80 South 38 95 

120 70 70 95 

130 60 90 85 

140 50 100 80 

150 40 95 90 

160 30 82 :-30 
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Directj on. (0 ) Anrrlo 
~-.-

(0) Efficienc,y: (;0 Pctel'! (n.m. ) ---
170 20 60 100 

180 10 35 105 

190 0 18 170 

200 -10 10 80 

210 -20 7 80 

220 -30 5 80 

230 -40 4 80 

240 -50 3 80 



Appendix 2E Table 38 

IEONTHLY 'NAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. (1) YliJ.sthorpe 

Month 1963 1962 1968 

Energy Energy Energy Energy Energy Energy Energy 

from N. from S. from N. from S. from N. from S. from N. 

1 861 22 179 184 59 116 384 

2 116 259 196 23 278 36 5 

3 5 133 260 273 877 24 148 

4 383 38 68 24 65 135 399 

5 1 25 11 106 131 89 192 

6 73 18 13 37 17 23 401 

7 1 27 32 2 46 48 8 

8 9 14 14 148 1085 21 40 

9 11 14 16 134 1502 92 77 

10 2 67 65 175 14 44 379 
1 ~ 
~..l 0 84 668 864 358 838 264 

12 136 36 0 13 36 113 1379 

Total 1600 738 1521 1983 4469 1579 3677 

1971 

Energy 

from S. 

133 

18 

66 

55 

82 

5 

27 

46 

53 

139 

4 

16 

643 
, 

\.0 
co 



Appendix 2E Table 38 

T.r;m~Tp.LY ':lAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. 

Liml th 1963 1965 1968 

Enere;y Energy Energy Energ~ Energy 

From N. From S. From N. From S. From N. 

1 6 981 50 178 297 

2 10 252 658 155 7 

3 74 71 376 618 675 

4 138 25 653 5 5 

5 104 5 427 63 148 

6 45 38 198 15 182 

7 ';7 30 221 13 763 

8 23 5 23 168 2812 

9 6 14 390 13 1062 

10 0 26 34 154 0 

11 2 68 462 1133 3006 

12 29 233 10 3 56 

~ot3.1 444 1748 3503 2517 9075 
----

(2) ][ornsea , . 

Energy Energy 

From S. From N. 

208 289 

162 296 

8 1010 

198 166 

221 82 . 

18 1251 

84 94 

7 304 

65 49 

30 174 

1244 355 

91 165 

2334 4236 

1971 

Enerf:l, 

From S. 

81 

8 

157 

301 

174 

53 

28 

52 

80 

159 

1 

770 

1873 

~ 
~ 



I 
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Appendix 2E Table 38 

;,1ON1'HLY WAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. (3) Withernsea 

li~,:)~l th 13~ 1965 1968 1971 

Eners':r Energy Energy Energy Energy Energy Energy Energy 

From N. From S. From N. From S. From N. From S. From N. From S. 

1 10 1626 49 207 698 165 8 43 

2 8 238 1728 236 38 391 140 2 

3 54 26 280 662 1953 11 848 222 

4 13 199 1069 27 216 195 148 445 
I 
I 

5 179 1 1495 32 592 258 80 . 214 

6 32 87 133 9 140 16 752 163 

7 7 21 380 20 2509 83 537 23 

8 73 7 46 52 1846 23 663 59 

9 7 17 469 37 97 236 41 109 

10 2 11 4 105 2 32 1 215 

11 7 45 106 827 1856 1003 4122 0 

12 30 317 44 2 160 74 7 1642 

::Cot2.1 422 2594 5803 2216 10108 2488 7337 3137 
-- ---- -- - - -- -.---~ 

I-' 
o 
o 



Appendix 2E Table 38 

iiIONTELY NAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. (4) Sheringham 
- -~ 

ILon~h 1963 1965 1968 1971 

Energy Energy Energy Energy Energy Energy Enerr-r;:t L) 

From W. From E. From W. From E. From VI. From E. From ·,'i. 

1 22 897 62 404 87 126 14 

2 6 190 350 114 6 1054 13 

3 13 32 44 484 476 110 480 

4 4 245 155 31 26 117 257 

5 36 9 93 50 44 53 50 

6 7 87 59 26 34 77 401 

7 14 12 450 43 157 99 48 

8 2 21 11 39 400 11 64 

9 9 18 284 13 55 470 25 

10 4 7 5 142 1 16 22 

11 6 1 45 1039 304 649 224 

12 11 159 18 0 29 30 49 

Tctal 134 1768 1578 2384 1710 2813 1646 

En~re:y 

From E. 

4 

10 

265 

123 

89 

41 

17 

81 

51 

195 

2 

740 

1617 

! 

....., 
o 
I-' 



Appendix 2E Table 38 

r.lOl'JTHLY ,'lAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. (5) Overstrand 

:.:onth 1~63 1~65 1968 1971 

:EnerfY Energy Energy Energy Energy Enerey Enerr;y 

Prom W. From E. From W. From E. From W. From E. From W. 

1 165 1188 87 297 58 193 14 

2 9 224 626 158 8 535 367 

3 61 8 73 292 568 5 1079 

4 8 112 330 21 25 56 862 

5 166 3 350 26 55 70 195 . 

6 29 91 131 5 67 10 901 

7 14 18 902 36 252 116 58 

8' 1 21 11 84 1109 2 24 

9 15 12 615 30 135 294 35 

10 2 12 11 140 0 24 259 

11 
..... ...1... 2 3 25 737 481 759 338 

l2 8 249 8 1 35 68 64 

Total 480 1941 3170 1827 2795 2096 4198 

T.'YJ CI r ,._. 
~lv t':'/ 

From E. 

10 

,7 

175 

74 

78 

7 

.9 

57 

67 

120 

6 

434-

10!~5 I 

f-' 
o 
!\) 



Appendix 2E Table 38 

l\;C\::-::HLY ':.'AVE EN2RGY VALUES - HOLDERNESS ,_rtORE'O~K,_SUFFOLK. (6) MUI!<1eJ31~y /Happisbur[,h 

~,~~)r: t}-: 1963 1965 1968 1971 
,., 
r;nc rr.;y Enerl~Y Energy Energy EnerGY Energy Energy Enerr:;t 

irrnJ VI. From E. From w. From E. From w. From E. From \7. ?rO:il S •• 

1 210 1171 85 215 56 200 12 21 

2 14 221 654 163 11 161 488 6 

3 go 7 87 173 589 8 1131 106 

4 14 239 348 16 33 28 1014 62 

5 204 2 446 26 52 72 257" 18 

6 43 88 158 7 110 ·11 999 9 

7 13 19 920 24 227 96 58 7 

8 1 17 13 113 1233 3 22 39 

9 19 9 633 49 182 171 38 70 

10 3 16 21 147 0 26 386 118 

11 1 5 16 656 498 773 342 10 

12 6 268 5 2 33 84 130 237 

Total 617 2063 3387 1591 3026 1634 4878 703 
----

I--' o 
VJ 



Appendix 2E Table 38 

Iv:ONTHLY itlAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. (7) Scratby 

l,lonth 1963 1965 1968 

Energy Energy Energy Energ;r Energy Energy Energy 

From N. From S. From N. From S. From N. From S. From N. 

1 206 161 297 73 16 41 8 

2 40 77 609 22 838 29 444 

3 141 24 289 151 632 17 877 

4 30 20 314 9 120 41 .765 

5 216 6 651 43 56 24 423 

6 97 20 195 20 281 15 876 

7 11 11 750 6 240 10 50 

8 8 3 25 112 916 3 62 

9 36 4 517 104 370 31 44 

10 4 51 91 140 3 26 574 

11 0 18 262 381 677 365 323 

12 2 91 2 11 21 72 602 

~ctal 794 486 4002 1073 4170 673 5049 
_._-- ---0 _. --

1971 

Energy 

From S. 

61 

5 

31 

4 

27 

24 

10 

26 

24 

66 

12 

6 

296 
- -

\ 
, 

t-' 
o 
..po. 



Appendix 2E Table 38 

ECYtJTHIJY WAVE ENBRGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. (8) Corton 
---

r.:O!1th 1963 1965 1968 1971 

Energy Energy Energy Energy Energy ~nergy Energy 

l?ror.l N. From S. From N. From S. From N. From S. From N. 

1 212 228 339 84 14 69 5 

2 38 70 530 41 1010 47 406 

3 136 21 469 169 547 15 803 

4 44 20 269 9 132 37 688 

5 159 5 596 41 41 35 424 . 

6 98 33 177 18 280 14 748 

7 11 11 622 7 197 8 46 

8 11 3 25 122 797 2 73 

9 39 6 438 91 421 30 40 

10 4 44 106 137 3 16 557 

11 0 9 317 408 661 425 267 

12 1 116 1 10 17 74 654 

Total 753 568 3888 1139 4120 774 4711 
--

Energy 

From. S. 

52 

5 

24 

5 

23 

24 

8 

31 

29 

75 

13 

51 

341 

f--I 
o 
Vl 



Annendix 2E Table 38 * • 

L'iOiJTRLY WAVE ENERGY VALUES - HOLDERNESS, NORFQLKLS~LIFFOLK. (9) Pakefield 

I'.lonth 1962 1965 1968 

Energy Energy Energy Energy Energy Enersy Energy 

From N. From S. From N. From S. From N. From S. From N. 

1 600 23 356 55 119 28 3 

2 128 104 213 0 974 57 96 

3 50 60 408 113 190 56 324 

4 158 24 74 14 106 61 233 

5 49 18 179 72 47 26 200 

6 114 12 26 50 149 35 180 

7 9 7 122 9 96 25 19 

8 18 15 33 56 161 6 65 

9 29 8 77 170 392 37 53 

10 4 74 135 108 13 51 284 

11 0 34 452 264 634 142 60 

12 124 40 0 33 21 98 660 

Total 1285 421 2077 945 2906 623 2177 
---------- ~- -- --

1971 

Energy 

From S. 

130 

13 

80 

1 

43 

30 

31 

36 

16 
,-,-
)0 

12 

23 

470 

I--' 
o 
0'\ 



Appendix 2E Table 39 

'\'iAVE ENERGY VALUES - 1972 - SHERINGHAM AND OVERSTRAND 

~. t' ~;lC)n n Sherinf~ham 

Energ;z from W. Energz from E. 

1 59 556 

2 3 235 

3 9 794 

4 382 233 

5 169 57 

6 2 2 

7 183 37 

8 45 175 

9 66 67 

10 48 87 

11 68 0 

12 2 3 

~()tal 1034 2245 
• 

Overstrand 

Ener~;L from W. Energ;y from E. 

123 386 

45 160 

26 502 -

763 100 

455 9 

15 5 

594 36 

39 69 

170 11 

47 79 

106 0 

6 1 

2388 1359 I 

f-' 
o 
--J 



Appendix 2E 

Table 40 

108 

WAVE EHERGY V AJJUES - HOLDEHNESS 

(1) Wilsthorpe 

Year Energy from North --
1963 1600 

1965 1521 

1968 4469 

1971 3677 

Mean 2817 

(2) Hornsea 

1963 

1965 

1968 

1971 

Mean 

(3) 

1963 

1965 

1968 

1971 

Mean 

Withernsea 

444 

3503 

9075 

4236 

4315 

422 

5803 

10108 

7337 

5918 

Energy from 

738 

1983 

1579 

643 

1236 

1748 

2517 

2334 

1873 

2118 

2594 

2216 

2488 

3137 

2609 

South 

Mean Total Energy - all sites, all years == 6337 

Total 

2338 

3504 

6048 

4320 

4053 

2193 

6021 

11409 

6109 

6433 

3016 

8019 

12596 

10474 

8526 



Appendix 2E 

Table 41 

WAVE ENERGY VALUES - NORPOLK 

(1) Sheringham 

Year Energy from West 

1963 134 

1965 1578 

1968 1710 

1971 1646 

Mean 1267 

(2) Overstrand 

1963 480 

1965 3170 

1968 2795 

1971 4198 

Mean 2661 

109 

EnerGY from East 

1769 

2384 

2813 

1617 

2147 

1941 

1827 

2132 

1045 

1737 

(3) & (4) Mundesley and Happisburgh 

1963 617 2063 

1965 3387 1591 

1968 ~O26 1634 

1971 4878 703 

Mean 2982 1498 

Mean Total Energy - All sites, all years = 4091) 

Total 

1903 

3962 

4523 

3263 

3413 

2421 

4997 

4927 

5243 

4397 

2680 

4978 

4660 

5581 

4475 



Appendix 21~ 

Table 42 

WAVE EIIERGY VALUES - SUFFOLK 

(1) Scr9..tby 

Year Enerey from North 

1963 794 

1965 4002 

1968 4169 

1971 5048 

Mean 3503 

(2 ) Carton 

1963 753 

1965 3889 

1968 4120 

1971 4711 

Mean 3368 

(3) Pakefield 

1963 1285 

1965 2077 

1968 2906 

1971 2177 

Mean 2111 

110 

Energy from 

486 

1072 

673 

296 

632 

568 

1139 

774 

341 

706 

421 

945 

623 

470 

615 

Mean Total Energy - all sites, all years 

South Total 

1279 

5075 

4843 

5345 

4136 

1321 

5028 

4894 

5052 

4074 

1706 

3022 

3529 

2647 

2726 

= 3645 



Appe:ld j x ?E 

Table 43 

III 

V1AVE EiJERGY VALUES - HOLDEliNESS, NORFOLK AND SUE'FOIJK 

Holderness Norfolk Suf'folk 

Site No. Wave Site No. Ii/ave Site lIo. 

Energy ~nergl 

1 3600 1 3450 3 

2 4200 2 3530 4 

3 4770 3 3610 5 

4 5050 4 3685 6 

5 5240 5 3760 7 

6 5800 6 3840 8 

7 6300 7 3910 9 

8 6680 8 3990 . 10 

9 6880 9 4060 11 

10 7260 10 4140 12 

11 7800 11 4225 16 

12 8100 12 4300 17 

13 8480 13 4370 18 

14 8880 14 4450 19 

15 9480 15 4520 

16 9960 16 4610 

17 10220 

18 10600 

\'1ave 

Energ;y: 

4600 

4400 

4200 

3800 

3750 

3675 

3600 

3525 

34·75 

3400 

3100 

3050 

3000 

2930 
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AppencU x 2F 

CORRELA]ION OF R~TREAT RATE AND ~AV~ REF~ACTION 

Hardy's (1961) data on wave refraction was used here. 

Re calculated the distance apart of the orthogonals when 

they reached the coast, and used this as a measure of the 

intensity of the incoming energy. He then plotted 

histograms of the incoming energy along the coast for waves 

of different periods and from different directions. Only 

two of the waves were storm waves - a 10 second wave from 

north north west, and a 10 second wave from north east. 

Table 44 gives the wave energy for kID distances along the 

coast for each of the two waves, and the retreat rate at 

that point. The correlation coefficients are given below:-

10 second wave from north north west 

10 second wave from north east 

r = - 0.493 

r = + 0.274 

The correlation for the north east wave is very low, but 

does show the expected trend. The other correlation, again 

not significant, shows a reversed trend. This must be 

explained by the inaccuracies in the construction of these 

diagrams and in their interpretation - particularly as 

regards the problem of crossed orthogonals. 
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RSFRACTION DIAGRA~S 

Si te Retreat Rate Ener[':;y: - NNW Wave Enerp;;z - NE ':Iave 

No (m yr -1) 
-

1 0.120 4.0 4.8 

2 0.360 4.1 0.4 

3 0.512 4.1 0.4 

4 0.471 4.1 0.4 

5 0.340 4.1 0.4 

6 0.000 4.1 0.4 

7 0.735 5.8 2.7 

8 0.732 6.8 2.7 

9 0.410 7·0 2.7 

10 0.588 7.4 2.7 

11 0.184 7.5 2.7 

12 0.000 7.5 2.7 

13 0.104 7.5 2.7 

14 1.021 5.3 14.0 

15 0.250 5.8 13.7 

16 1.392 2.6 13.8 

17 1.910 2.6 10.1 

18 1.278 2.6 12.7 

19 1.400 2.6 12.2 

20 0.913 2.6 10.2 

21 0.818 1,,3 14.4 

22 0.644 1.3 14.2 

23 0.300 1.3 22.2 
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.. -

Site Retreat Rate Enerr-;y - NH'N Wave Enerf':,y - IJE~ 'jl/ave 

-1 
Ho. (m yr ) -

24 0.54 1.3 36.3 

25 1.291 1.3 26.6 

26 0.766 1.3 7.5 

27 1.000 1.3 7.5 

28 1.400 1.8 7.0 

29 1.704 1.8 7.0 

30 1.404 1.8 4.1 

31 0.906 1.8 4.0 

32 0.461 1.8 4.8 

33 0.294 1.8 4.5 
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Appondix 2G 

The profiles were measured using an Eliot Profiler. 

This was wheeled slowly down the beach, over a reel of hose 

pipe to prevent slipping, and the profile ,was recorded in 

the machine. The accuracy of this instrument is 95~~ if 

the hose pipe is used. The slope distance is also recorded 

in metres. Brunn's (1954) formulae for mean depth and 

steepness were used. 

Mean depth = A 
1) 

Steepness 

The steepness value is then multiplied by 2. 

The areas of each profile were measured with a planimeter. 

Table 45 shows the mean depth and steepness values for each 

profile. 
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Table 45 

NC'RFCLK - BEACH STEEPNESS AND MEAN DEPTH 

Profile Grid Reference Ristance East 

(k1h) 

Weybourne 112438 '0 

Sheringham 167435 6 

West Rtmton 186433 7 

East Runton 201428 8 

Cromer 220425 10 

O""..rerstrand 248411. 14 

Sidestrand 260403 16 

TrimlnGham 295383 20 

TiIU!'ldesley 316367 22 

11undes1ey 323358 24 

EapPlsburgh 383310 30 

Mean DeEth SteeEness 

0.937 0.0220 

0.918 0.0088 

1.244 0.0082 

1..029 0.0070 

0.890 0.0104 

0.527 0.0062 

0.699 0.0060 

0.826 0.0079 

0.685 0.0054 

0.936 0.0079 

0.432 0.0059 

SteeEness x 2 

0.0440 

0.0176 

0.0164 

0.0140 

0.0208 

0.0124 

0.0120 

0.0158 

0.0108 

0.0158 

0.0118 I 

J-l 
J-l 
\..0 
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NORFOLK - BEACH STEEPHESS VAIJUES 

Site Number Beach Steepness 

1 0.044 

2 0.044 

3 0.044 

4 0.0176 

5 0.0164 

6 0.0140 

7 0.0208 

8 0.0124 

9 0.0120 

10 0.0147 

11 0.0158 

12 0.0108 

13 0.0158 

14 0.0145 

15 0.0131 

16 0.0118 
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MBASUH~~.:EWI' or BEACH SAND SIZE - NORFOLK 

Sand samples were collected from each of the 16 sites 

on two consecutive days in October,197l. At each site a 

surface sample ( the top lcm ) was collected from the base 

of the cliffs, from midway between low water mark and high 

water mark, and finally a sample from low water mark. The 

samples were then washed, dried and sieved, and Tables 

47 - 49 show the £ize statistics. The upper beach sample 

at Sites 1 - 3 was composed entirely of shingle, here the 

three main axes of 100 pebbles were measured at each site, 

and thus the mean size was calculated. The mid beach sample 

is probably the most important since it is most 

representative of the incoming wave energy, and is the one 

most often quoted in the literature. 



122 
Appendix 2G 

TFible 47 

BEACH SIZE STATISTICS - UPPER BEACH, CIJIFF BASE 

\ 

Site No. Mean Size Standard Skewness Kurtosis 

(~) Deviation 

1 -4.67 0.268 -0.046 1.025 

2 -4.79 0.270 -0.002 1.133 

3 -4.96 0.195 -{l.008 0.922 

4 1.86 0.429 -0.105 0.871 

5 1.~2 0.467 -0.033 0.931 

7 1.50 0.376 +0.096 1.032 

8 0.21 0.805 -0.265 0.993 

9 1.71 0.470 +0.052 0.904 

10 1.94 0.402 -0.177 0.923 

11 1.53 0.510 +0.004 0.939 

12 1.76 0.371 -0.027 0.918 

13 1.92 0.351 +0.032 0.890 

14 2.16 0.270 -0.102 1.100 

15 2.15 0.325 -0.229 1.197 

16 1.51 0.394 +0e>128 1.008 

Mean sand size (sites 4 - 16 ) :::: 1.67p 
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TClble 48 
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_B1~ACH SIZE STATISTICS - MID BEI\.CH (Bascom t s R8fcrence 

Point). 

Site No. Mean Size Standard Skewness Kurtosis 

(,0) Deviation 

1 -4.61 0.277 -0.247 1.105 

2 2.33 0.245 -0.076 1.541 

3 2.26 0.258 -0.160 1.311 

4 2,,04 0.608 -0.391 1.270 

5 2.04 0.615 -0.324'!- 1.002 

7 2.34 0.447 -0.208 1.182 

8 1.29 0.450 -0.065 1.140 

9 2.20 0.471 -0.337 1.331 

10 1.57 0.594 -0.096 0.923 

11 1.64 0,,420 -0.085 0.989 

12 1.00 0.422 +0.206 1.080 

13 1.86 0.538 -0.271 0.800 

14 1.46 0.527 +0.322 1.058 

15 1.21 0.680 -0.286 0.823 

16 1.54 0.571 +0.091 0.734 

Mean sand size ( sites 2 - 16 ) :: 1.69.0 
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BEACH SIZE Gr~ATISTICS - LOWER BEACH 

Site No. Mean Size Standard Skewness 

C~) Deviation 

2 2.54 0.342 +0.080 

3 2.59 0.345 +0.070 

4 2.81 0.408 -0.115 

5 2.90 0.381 -0.139 

7 2.62 0.341 -0.142 

8 2.00 0.435 -0.319 
, 

9 2.20 0.474 -0.149 

10 1.66 0.686 -0.171 

11 2.33 0.322 -0.090 

12 1.70 0.620 -0.163 

13 2.32 0.368 -0.068 

14 2.21 0.439 -0.228 

15 2.02 0.439 -0.255 

16 1.53 0.511 +0.052 

Mean sand size (sites 2 - 16) = 2.18,6 

Kurtosis 

1.135 

1.155 

1.187 

1.407 

1.033 

1.039 

1.157 

1.035 

1.346 

0.927 

1.287 

1.316 

1.081 

0.908 
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" . 

Table 50 shows the mean sand size at each site. This 

then had to be corrected to ~llow for the different 

proportions of sand at each site. Working from Table 27, 

which shows cliff composition corrected for height, a 

weighting factor is computed by calculating the sand 

quantity at each site as a percentage of the total sand 

quantity (492). Then the mean sand size at each site is 

multiplied by this weighting factor, and then by a factor 

of 10. 

1.462.0. 

Thus the corrected mean size is calculated as 
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Table 50 
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CLTFF SAND SIZE - CORRECTED VALUES 

Site No. Mean Size Sand Weightj~ 

(j1) guantit;y Factor 

1 1.43 0.923 1.870 

2 1.64 0.995 2.023 

3 2.69 3.762 7.652 

4 1.99 5.247 10.672 

5 2.16 2.284 4.645 

6 1.92 2.519 5.123 

7 1.82 8.741 17.780 

8 2.86 3.051 6.206 

9 2.53 4.418 8.987 

10 2.49 2.888 5.874 

11 2.27 3.938 8.010 

12 3.23 3.355 6.824 

13 2.84 4.866 9.900 

14 1.96 0.326 0.663 

15 2.27 0.244 0.496 

16 3.10 1.605 3.265 

Mean 2.34,0 

Corrected 

Mean Si.ze 

0.267 

0.332 

2.055 

2.128 

1.002 

0.985 

3.234 

1.774 

2.276 

1.429 

1.817 

2.202 

2.810 

0.130 

0.126 

1.013 

1.462;5 



AD1Jendix 2G 
+ + 

127 

The amount of beach erosion or accretion was 

measured from a graph compiled. by Craig - Smith (1971) 

which showed the position of high tide mark in 1880 and 

1950. (This was obtained from 6 inch maps). Thus a 

positive or negative distance was obtained for each site, 

then a constant (k=150) was added to all the figurcs so 

that the negative signs were lost. These values were then 

correlated with retreat rate at each site. 
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Table ~l 
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13:2/tCH ACCRETION VALUES - SUFFOLK 

Site No. Accretion (m) Accretlon + 

3 -30 120 

4 -50 100 

5 +60 210 

6 +10 160 

7 -40 110 

8 -40 110 

9 -80 70 

10 -60 90 

.11 -48 102 

12 -100 50 

16 -60 90 

17 -60 90 

18 -150 0 

19 -40 '.110 

k {k = + 150) 
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Table 52 

Site Distance to 

No. 10m Depth kID 

HOLDERNESS 

1 6.75 

2 8.78 

3 8.21 

4 7.95 

5 6.60 

6 4.65 

7 2.70 

8 2.55 

9. 5.55 

10 5.70 

11 4.80 

12 4.73 

13 4.05 

14 2.48 

15 1.65 

16 1.20 

17 1.58 

18 1.88 

129 

SUPFOJ,I( 

Site Distance to Site Dist:-lne e to 

No. 20m Depth krn No. 20m Depth kIn -
NORFOLK SUF}10LK 

1 9.38 3 10.95 

2 7.17 4 9.60 

3 7.43 5 7.50 

4 7.17 6 6.75 

5 6.12 7 6.30 

6 6.87 8 6.30 

7 6.79 9 6.30 

8 7.50 10 5.85 

9 6.23 11 5.25 

10 5.89 12 5.70 

11 6.57 16 4.80 

12 7.09 17 4.05 

13 4.32 18 6.15 

14 4.09 19 6.00 

15 3.83 

16 3.83 
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OFFSHORE I'ROFILE IjEASVRBlVlENT 

These were meaaured from a small boat using a 

ferrograph echo sounder, these sites were a continuation 

of those £rom which, the beach was measured. Most of the 

profiles were O.5km long, and two longer ones, 2km long, 

were also taken. Throughout each profile run the boat was 

kept in line with a specific feature on the cliff edge. The 

length and time of the profile was recorded. Then using the 

Admiralty Tide Tables, each profile was referred to chart 

datum, and so the height of the boat above Ordnance Datum 

may be obtained. Then for 'each profile the height below 

Ordnance Datum is measured for every 50m, so as to smooth 

out some of the irl?egularities, and the profile is re-drawn. 

The area of each profile was then measured with a 

planimeter, and the steepness was calculated, using the same 

, method as for the beach steepness. 
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NORFOLK - STEEPNE;JS OF THE O./i'PSHOHE PHOPIIJES 

Profile Grid Mean Steepness steepneso 

Reference DeEth 

Weybourne 112438 5.19 0.0112 0.0223 

Sheringham 167435 2.60 0.0061 0.0121 

West Runton 186433 3.31 0.0081 0.0161 

East Runton 201428 2.64 0.0060 0.0120 

Cromer 220425 3.76 0.0082 0.0164 

Overstrand 248411 4.40 0.0100 0.0200 

Side strand 260403 3.66 0.0078 0.0156 

.Trimingham 295383 4.80 0.0110 0.0220 

Happisburgh 383310 6.34 0.0133 0.0266 

Mean Steepness 0.0181 

x 2 
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OFFSHORE SJur1PLING 
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The aim of this programme was to determine the general 

nature of the offshore sediments, not to make a detailed 

survey of the offshore zone. Th"e samples were collected 

using a small dredge made in the University, this consisted 

of a metal cylinder closed at one end, O. 8m long, O. 2m in 

diameter, this was suspended within a metal brace with a 

2 kilo weight. A line was attached to this and it was 

pulled along the sea bed for a distance of 10m. (A Van Veen 

grab was not found to be successful for nearshore sampling 

because of the short distance of free fall). The position 

of each sample was fixed using compass bearings. 

Five traverses between Cromer and Bacton were made, 

one of these was done by Norfolk County Council. The 

sampling interval on.each traverse was 100m, and the 

traverse was between 1 and l.5km. Table 54 gives the 

position of the traverses and the grid references, and 

Table 55 gives the nature of each sample, the distance from 

the shore and the water depth. Finally Table 56 gives the 

size statistics for the sand samples. 
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POSI1'Ion O}i' TH.E O:B'FSHORS SAI\IPLI~IG TRAVERSES 

Number Site Grid Reference 

A Overstrand 254406 

B Sidestrand 263400 

C Trimingham 298381 

D Mundes1ey 314366 

E Mundes1ey 315366 
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NATURE ANI) I~OSITIOn OF THE OFPSHORE 8AI-il})LES 

Traverse Sam:Q1e No. SamE1e TJ::Ee D:istance to 

Cliff (m) 

A 1 Sand 370 

A 2 Chalk 663 

A 3 Sand 961 

A 4- Sand 1254 

A 5 Sand 1516 

B 6 Sand 370 

B 7 Sand 460 

·B 8 Sand 555 

B 9 Chalk 663 

B 10 Chalk 776 

B 11 Chalk 884 

B 12 Chalk 961 

B 13 Ch.+Sand 1110 

B 14 Sand 1295 

B 15 Chalk 1480 

B 16 Chalk 1768 

C 17 Chalk 370 

C 18 Sand 460 

C 19 Chalk 555 

C 20 Sand 645 

C 21 Sand 943 
C 22 Chalk 1236 

C 23 Chalk 1516 

Water 

DeEt]~lIJl ) 

2.5 

7.0 

8.5 

9.5 

9.0 

2.5 

4.5 

4.5 

6.0 

7.0 

7.5 

7.5 

9.0 

9.0 

8.3 

9.0 

3.0 

6.0 

700 

7.0 

8.0 

8.0 

9 .. 0 
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Traverse SamE1e No. Sam:Qlo 'r;ype DisturJcc to ;:fater 

Cliff (m) Dcr;th (m) --
C 24 Gravel 1850 11.5 

C 25 Chalk 2138 11.0 

C 26 Chalk 2400 11.0 

C 27 Chalk 2750 13.0 

D 28 Sand 740 -
D 29 Sand 943 -

E 30 Sand 555 -
E 31 Sand 740 -
E 32 Sand 1850 -
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OFFSHORE SAND SAMPI£S - SIZE ANALYS IS 

SamEle No. Mean Size Standard Skewness 

(p). Deviation 

Al 2.323 0.594 -0.055 

A3 1.620 0.751 -0.619 

A5 2.203 0.343 -0.304 

B6 2.110 0.818 -0.741 

B7 2.096 0.507 -0.112 

B8 2.400 0.395 -0.070 

B13 1.120 0.356 -0.327 

B14 2.070 0.366 -0.439 

C18 1.943 0.452 -0.386 

C20 1.883 0.633 -0.473 

021 1.810 0.795 -0.465 

D28 2.047 0.619 -0.481 

D29 2.100 0.617 -0.369 

E30 2.543 0.393 +0.047 

E31 1.733 0.716 -0.157 

E32 1.503 0.804 -0.107 

Mean = 1.970,15 

Kurtosis 

1.500 

1.115 

2.008 

1.222 

1.196 

0.873 

1.926 

2.181 

1.404 

0.803 
. 

1.144 

1.240 

1.192 

1.354 

1.026 

1.190 
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DISTANCE TO HIGH (fIDE LIilRK - HOLDEHNESf3 MJJ) NORI!'OLK 

Holderness Norfolk 

Site No. Distance to HTh1 (m) Site No. Distance to HTM 

1 20 1 20 

2 25 2 15 

3 10 3 5 

4 15 4 7 

5 20 5 12 

6 10 6 25 

7 0 7 25 

8 15 8 10 

9 0 9 0 

10 30 10 0 

11 0 11 0 

12 2 12 15 

13 15 *13 5 

14 20 *14 5 

15 1 *15 5 

16 10 *16 5 

17 30 

18 30 

Values marked with * have been interpolated from old 

photographs. 

-

(m) 
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APPENDIX 3 

CLIFF PROCESSES 

APpendix 3A Landslide Data 

APpendix 3B Mudflow Data 

Appendix 3C stream Discharge and Suspension Data 
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SLIDE OCCURRENCE AND RAINFALL - OVER STRAND 1971, 1972 

Sltde No. Dates between which it occurred Rainfall in 

Prev.5 days rom 

C1 22-1-71 - 26-1-71 56.4 

02 On 30-1-71 10.0 

~'1 9-3-71 - 17-3-71 21.0 

~2 On 27-5-71 15.4 

Sl 21-5-71 - 27-5-71 15.4 

C2 15-9-71 - 28-9-71 2107 

B1 8-10-71 - 18 ... 10-71 24.1 

1[2 18-10-71 - 28-10-71 10.6 

03 22-12-71 - 29-12-71 21.2 

A 29-12-71 - 5-1-72 8.0 

B 21-1-72 - 28-1-72 40.5 

W2 28-1-72 - 2-2-72 6.6 

E 9-4-72 - 18-4-72 12.6 

H 17-7-72 - 10-8-72 18.8 

W,E 1-11-72 - 9.,.11-72 2302 

W,E2 On 24-12-72 .. 0.3 

Total No. Landslides = 16 

No. After more than 10rum rain = 13 

No. After less than 10mm rain = 3 
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SLIDE OCCURRENCE AND RAINFALL - SHERINGHAM 1971, 1972 

Slide No. Dates between which it occurred Rainfall in 

Prev.5 da;zs . 
Kl 6-1-71 - 19-1-71 7.0 

E 29-1-71 - 15-2-71 8 07 

F1 1-2-71 - 11-2-71 0.0 

K2 15-2-71 - 19-3-71 10.5 

D 9-:-3-71 - 17-3-71 21.0 

C2 9-)-71 - 17-3-71 21.0 

G 14-4-71 - 28-4-71 24.3 

BI 7-5-71 - 17-5-71 3.1 

C3 17-12-71 - 29-12-71 21.2 

Y 29-12-71 - 4-1-72 i'.9 

Z 12-1-72 - 21-1-72 1.9 

CD,13,17,W 25-1-72 - 3-2-72 36.8 

Q 7-2-72 - 16-2-72 16.3 

L,A 16-2-72 - 22-2-72 2.1 

F,R 22-2-72 - 3-3-72 6.6 

B 14-3-72 - 22-3-72 0.0 

J 2-5-72 - 8-5-72 105 

P 17-7-72 - 10-8-72 ? 

C,W,M, 24-10-72 - 31-10-72 102 

S,T 22-11-72 - 4-12-72 11.8 

Total No. Landslides = 31 

No. After more than 10mm rain = 14 

No. After less than 10rrun rain = 16 

rum 
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SLIDE FREQUENCY AND MONTHLY RAINFALL - SHERINGHAM 1971,1972 

Slide No. Rainfall in Erevious month rom 

E 92.7 

Fl 92.7 

K2 89.2 

D 22.5 

02 22.5 

G 34.1 

B1 30.8 

03 55.5 

y 35.4 

z 55,.4 

C,D,13,17,E,K,4 67.0 

Q 68.7 

L,A 72 0 0 

F,R 72.2 

lBI 14.8 

J 40.5 

p 28.4 

O,W,M 7.7 

S,T 69.9 
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CHI SQUARE TEST on SHERIlTGHAM SLIDE FREQUENCY 

Mean monthly rainfall 1971/1972 = 44mm 

No. of slides after a rainfall more than 

44mm = 19 

No. of slides after a rainfall less than 

44mm = 11 

The null hypothesis states that there is no difference 

between the two groups. 

x2 = f<Oi - Ei)2 

. 1 Ei 1.= 

= (19 _ 15)2 + (11 - 15)2 

15 15 

= 2Q14 

The critical value of chi square at p.Ol is 6.64, thus 

the null hypothesis must be accepted. Even at p.05 the 

critical value is 3Q84, which is still greater than the 

calculated value. 
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SLIDE OCmffiRENCE AND STORM FREQUENCY - OVERSTHAND 1971, 1972 

Slide No. Tides and. Winds 

(i;f e.ffective) 

01 -
02 -
T1 9/10 -3f71 T • R • ~ 3m, VI.S • > 4 

T2 -
S1 -
C2 -
Bl -
N2 18/19/20/21-10-71 T.R.> 4m 

W.S.> 4.5 

03 -
A 29/30/31/-1-72 T.R. > 3m 

W.S.>4 

B -
W2 1/2-2-72 T.R. > 4m, W.S.> 4 

E -
H 6/1/a/9-8-72 T.R.> 3m, w.s.> 4 

WE -
VlE2 26/27-12-72 T .R.> 3m, W .S.> 4 

Total No. of slides 

No. after a storm 

No. after no storm 

T.R 0 - tidal range 

= 16 

= 6> 

= 10 

VI.S.-wind speed 

Wind 

Direction 

Onshore 

Onshore 

Onshore 

Offshore 

Onshore 

Offshore 
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SJJIDE OCCURREr~CE AND STORM FREQUENCY - SHERIl'JGHAM 1971,1972 

Slide No. Tides ana Winds Wind 

(if effective) Direction 

Kl 18/19-1-71 T.R.> 3m Of'fsIlore 

W.S.>4 

E 12/13/14-2-71 T .R.> 4m Onshore 

W.S.>5 

Fl 1/2/3-2-71 ToR.>3m Onshore 

W.S.>4 

K2 2/3~3-71 T.R.> 4m Onshore 

W.S.> 4 

D 9/10-3-71 T.R.> 3m Onshore 

W.S.'::> 4 

02 9/10-3-71 ToR.> 3m Onshore 

W.S.>4 

G 16/17/18-4-71 T~R.> 3m Onshore 

W.S.>4 

Bl -
03 19/20/21-12-71 T.R.> 3m Onshore 

w.s.> 4 

y 29/30/31-12-71 T.R.>3m Onshore 

W.S.> 4 

Z 15/16/17/18-1-72 T.R.> 4m Onshore 

.W.S.>4 

0,D,13,17,E 26/27/28-1-72 T.R.>3m Onshore 

K,4 W.S.>5 

Q 15/16-2-72 T.R.>4m Offshore 

\V"S.>4 



146 

Slide No. Tides and 'llinds 

( if effective) 

L,A 16/17/18-2-72 

F,R 

B 

J 4/5-5-72 

p 16/17/18-7-72 

C,W,M 

S,T 23/24-11-72 

-
... 

-

T.R. > 4m 

W.S.> 4-

T.R • .:> 3m 

W.S o > 4 

T.R.> 3m 

W.S.>4 

T.R. > 4m 

W.S.>4 

= 31 

= 24 

= 7 

Total No. of slides 

No. after a storm 

No. after no storm 

T .Ro - tidal range w.s.- wind speed 

\,/j nd 

Direction 

Onshore 

Onshore 

Onshore 

Onshore 
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Table 63 

SLIDE FHEQUENCY A};D ONSHORE STORMS - SHERINGHAM AND 

OVERSTHAND 

SheL"ingham 

Storms effective if windt>etween 2300 to 1500 

Number of slides occurring after onshore storms = 22 

Number of slides after no storm or an offshore 

storm = 9 

Overstran(}l 

storms effec~ive iT winds between 2500 to 1700 

Number of slides oucurriug ai"ter onshore storms = 4 

Number of slides after no storm or an offshore 

storm 12 
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PRE QlJENCY 

(1) Over-strand 

Null hypothesis is that the level of the beach when slides 

occur is the same as when no slides occur. 

Height of beach when no slides Heicht of beach when slides 

occurred occurred 

0060 0084 0.57 

0060 0.58 0.78 

0.51 0.56 1~10 

0.80 1.02 0.75 

1.11 0.14 0.50 

0 055 0.70 0.47 

0 081 0 047 0.64 

0094 0.75 0.47 

0.78 0.50 0.32 

0073 

L = 12026 ~ = 6.33 

n = 18 n = 10 
- -
X = 0068 X = 0063 

The valueG are ranked together and the sum of the ranks in 

each group is calculatedo 

10 

18 
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u = nl n2 + nl (n l + 1) - Rl 

2 

= 180 + 55 - 125.5 

= 109.5 

U = n1n2 + n2 (n2 + 1) - R2 

2 

= 180 + 171 - 280.5 

::: 70.5 

U = 70.5 

Since the observed U (70.5) is greater than all the tabled 

values, the null hypothesis of no difference between groups 

has to be accepted. 

(2). Sheringham 

Null hypothesis - same as before. 

Height of beach when no slides Height of beach when slides 

occurred occurred 

2.26 2.40 2.29 

2.00 2.00 2.33 

2.12 2.11 2.37 

2.00 2.27 3.02 

2.08 2.13 2.55 

2.54 2.18 2.63 

2.18 2.31 

2.77 3.02 

2.53 2.35 
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I = 41.25 [" = 15.19 

D = 18 n = 6 

mean = 2.29 n = 2.53 

The values are ranked, and the sum of the ranks in each 

group is calculated. 

= 
= 

106.5 

190.5 

u 

tJ 

u 

= nl n2 

= 108 + 

== 22.5 

= n1n2 

= 108 + 

- 88.5 

= 22.5 

+ nl(nl + 1) 

2 

21 - 106.5 

+ n2(n2 + 1) 

2 

171 - 190.5 

6 

18 

- Rl 

- R2 

The observed U (22.5) is less than the tabled U at 0025(24) 

so the null hypothesis may be rejected. Thus the level of 

the beach is significantly lower when slides occur. 



151 
Appendix 3A 

CALCULATION OP THE FREqUENCY OF HIGH TIDE fM.RK REACHING ~'BE 

CLIF}' BASE 

(1) At each of the three sites the distance between high 

tide mark arid the cliff base was measured weekly. Only 

at Sheringham was there much within site variation, so 

the distance was measured at 6 places here, as against 

only one measurement at each of the other sites. 

(2) The data for each site was divided into two groups, 

depending on whether or not high tide mark reached the 

cliff base. 

(3) Then using these groups it was possible to determine 

the tide and wave criteria controlling this parameter. 

(4) The criteria set up for each site for 1971, were then 

tested against the 1972 data, and modified accordingly. 

Table 64 shows the criteria for each site. 

(5) Then, using these criteria, tide tables and wind data, 

the number of days in each month when high tide mark 

reached the cliff base was calculated. This was then 

doubled to account for two tides per day. Tables 

65 - 67 show the values for each month for each site. 

There are two main limitations to this method -

firstly wind data is being substituted for wave energy, and 

secondly no allowance has been made for beach heieht. An 

effort was made to incorporate beach height - but it was 

very difficult to establish any· consistent criteria, and 

also there are no daily records of beach height. 
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Table 64 

CRITERIA FOR ~AVE ENERGY AT TIG CLIFF BASE 

(1) Weybourne 

Waves will reach the cliff base if 

Tidal Range is greater than 14 feet (4.3m) and Wind Speed 

is greater than Force 4. 

(2) Sheringham 

Waves will reach the cliff base if 

(a) 

(b) 

Tidal Range is greater than 14ft. (4.3m) 

Tidal Range is greater than l3ft.(4.0m) and 

Speed is greater than or equal to Force 3. 

(c) Tidal Range is greater than 10ft. (3m) and 

Speed is greater than or equal to Force 4. 

(3) Overstrand 

Waves will reach the cliff base if 

Tidal Range is greater than 14ft. (4.3m) 

the Wind 

the Wind 

(a) 

(b) Tidal Range is greater than 13ft. (4.0m) and Wind 

Speed is greater than or equal to Force 2. 

(c) Tidal range is greater than 10ft. (3m) and the Wind 

Speed is greater than or equal to Force 3. 
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FREQUENCY O}t1 WAVE ENERGY REACHING THE CIJIFF BASE -

WEYBOURlifE 

Month Tidal Rane;e::> 4. 3m z Wj nd S]2eed;> 4 

1971 1972 

1 - -
2 1 2 

3 - -
4 1 1 

5 1 3 

6 - -
7 1 1 

8 - 1 

9 - 1 

10 - 3 

11 6 4 

12 - -

1971 Total number of times cliff reached x 2 = 20 

1972 Total number of times cliff reached x 2 = 32 
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FREQUENCY OF WAVE ENERGY REACHING THE CLIE':b' BASE -

SHERINGHAM 

It10n th Tidal Range> 4. 3m Tidal Range>4m Tidal RanGe> 3m 

Wind SEeed,. 3 \Vind S}2ecd >4 

1971 1972 1971 1972 1971 1972 

1 5 - - 4 3 4 

2 6 4 3 4 1 1 

3 8 5 1 4 6 5 

4 6 6 1 2 2 7 

5 4 4 - 3 2 7 

6 2 4 3 - 4 3 

7 8 10 1 1. 1 3 

8 11 11 - 1 2 3 

9 12 10 - 1 - 1 

10 16 11 5 1 3 2 

11 10 5 - 4 9 5 

12 4 4 2 1 6 ~ 

1971 Number of times cliff reached = 137 

% of total cliff length ::: (82 x 0.5) + (16 x 

affected 0.4) + (39 x 0.3) 

= 59 

1971 total no. of times cliff 

reached x 2 = 118 
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1972 Number of times cliff reached == 150 

?£ of total cliff length = (74- x 0.5) + (26 x 

affected 0.4) + (50 x 0.3) 

= 62.4 

1972 total no. of times cliff 

reached x 2 = 125 

For at this site the total cliff length was not always 

reached by high tide mark at anyone time - hence it was 

necessary to multiply by a correction factor depending 

on the percentage affected. 
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FREQUENCY OF WAVE ENERGY REACHING THE CLlli'F BASE -

OVEHSTRAND 

Month Tidal Range> 4. 3m Tidal Range>4m Tidal Ranee> 3m 

Wind SEeed~ 2 Wind S:eeed ~3 

1971 1972 1971 1972 1971 1972 

1 5 - 2 7 5 6 

2 6 4 4 4 2 6 

3 8 5 4 5' 9 8 

4 6 6 2 2 4 10 

5 4 4 2 3 8 10 

6 2 4 5 4 9 8 

7 8 10 3 2, 4 7 

8 11 11 1 3 7 5 

9 12 10 - 1 - 2 

10 6 11 5 1 5 4 

11 6 5 - 4 14 10 

12 4 4 2 - 12 12 

1971 Total number of times cliff reached x 2 ::: 374 

1972 Total number of times cliff reached x 2 ::: 396 
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LANDSLIDE VOUJI.::ES PER UONTH - SHERINGHAM AND OV-SRSrrH'\ND ". . 
"-

(1) Sheringham Cm3 ) 

Month 1971 1972 

1 600 1,280 

2 3,000 2,200 

3 1,500 1,000 

4 1,400 50 

5 1,180 200 

6 - -
7 - -
8 - 250 

9 - 50 

10 - 500 

11 . l3J 400 350 

12 350 700 

(2) Overstrand (m3 ) 

Iilonth 1971 1972 

1 - 3,000 

2 6,000 500 

3 9,500 2,000 

4 - 2,000 

5 8,000 50 

6 - 50 

7 - 100 

8 3,000 500 

9 500 1,200 

10 2,000 600 

11 82,500 600 

12 19,000 3,700 
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MUDFLOWS - DESCRIPTION AND MEASUREI'/lENT TECHtJIQUJ:':S 

The exact location and size of each of the five 

mudflows is given below:-

Sheringham cliff behind th~ sea wall G.R. 166435. 

Overstrand A - cliff behind the wooden revetment west of 

the village G.R. 247412. 

Overstrand B - cliff behind the wooden revetment west of 

the village G.R. 248412. 

Overstrand C - cliff just west of where Tower Lane 

intersects the cliff edge G.R. 259403. 

Mundesley 

Mudflow 

Sheringham 

Overstrand A 

Overstrand B 

Overstrand C 

Mundesley 

cliff to the east of the holiday camp 

G.R. 324357. 

Backwall 'Corrie' 'Corrie' Flow Flow 

Height Width Length Track Track 

Width Length 

(m) (m) (m) (m) (m) 

8 8 13 5 10 

11 8 10 4 7 

11 15 27 3 5 

28 30 30 6 12 

4 9 5 5 14 

The movement was measured by setting up three reference 

lines on all the mudflows except Overstrand C, which was 

far too large and active. These lines were marked by 

driving long wooden stakes into' stable ground on either 

side of the nudflow. The markers consisted of woodon 

blocks Scm square and lcm thick, each was pierced by a lone 

nail (6cm), and these were placed along the reference line. 

The position of these was measured each wcek by tyihC the 
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end of a line to each of the two reference stakcs,dropping 

a plumb line at each marker, and measuring the horizontal 

distance from where the plumb.line touched the mud to the 

marker. The accuracy was only within ± 3cm. In the 

Sheringham and Mundesley mudflows the reference lines were 

set up across the flow track, ~ut with Overstrand A and B 

the flow tracks are very short and the reference lines were 

setup in the'corrie.' 

An effort was made to measure inputs from the backwall 

by placing sediment traps here, however, unfortunately these 

were all disturbed and vandalised within a week. So instead 

a polaroid camera was used to distinguish any new additions, 

the volume of which was then measured. 

Table 69 shows the movement over one year of 

Overstrand A. This mudflow showed a slow continuous 

movement all the time, no measurable inputs from the backwall 

occurred nor did any surges over the measurement period. 

The table below gives the approximate dates when surges 

occurred in the other mudflows - there is no correlation 

between them (Overstrand C is given separately in Table 74). 

When a surge occurred the whole mudflow appearance changed, 

and a depositional lobe appeared on the beach, also the 

markers were usually lost - so it was easy to date these 

movements. 

Mudflow Surge Dates 

Sheringham 17-3-71, 3-2-72 

Overstrand A No surges 

Overstrand B No surges 

Mundesley 9-4-72 

With Overstrand C, the very active mudflow, additional 
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measurements of the mud depth in the 'corrie 'were made by 

placing ten stakes in the stable ground at the edge of the 

'corrie~ and measuring the depth from these down to the mud 

surface. This was continued for two months, after which the 

'supposedly stable' ground was undermined and incorporated 

into the mudflow. 
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OVERSTRAND 'A' " MUDFLOW - MOVEMENT DURING 1971 I 1972 

Month Average Distance Moved b;:t: Markers 

March 1971 . 0.95 

April 1971 1.13 

May 1971 0.94 

June 1971 1.03 

July 1971 0.30 

August 1971 0.00 

September 1971 0040 

October 1971 0.45 

November 1971 0.33 

December 1971 0.00 

January 1972 0.00 

February 1972 0.00 

{m) 
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MUD FLOYI SHEAR STR.ENGTH MEASUREIvmNT 

The shear strength was measured using a shear vane 

penetrometer, which measures the in situ shear strength in 

tons per m2 • Varlson (1948) has shown that this instrument 

. may give a different value to that measured in the 

laboratory - mainly due to sample disturbance and changes 

due to the decrease in pressure. The mean values for four 

of the mudflows are given below:-

Site Mean Shear Standard Number in 

strength Deviation SamEle 
2 (tons/m ) 

Sheringham 0.40 0.25 40 

Overstrand A 0.60 0.38 40 

Overstrand B 0078 0035 40 

Overstrand C 0.42 0022 40 
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MEASUREr,mHT OF NlUDFLOW CmilPOSITION 

Each mudflow was sampled for composition in October 

1972. Five surface samples were collected, from each 

mudf1ow, at regular intervals along a section across the 

mudflow. The three Overstrand mudflows were sampled 

I • I d th th t within the corrle, an e 0 er wo mudflows were sampled 

across the flow track. In general the matrix was sampled, 

not the large blocks. Then the samples were split, and wet 

sieved according to the standard technique, the data is 

given in Table 70. 

Table 70 

MUDFLOW Cm.1POSITION ( MEAN VALUES FOR EACH MUDFLOW) 

Site Mud Percentage Sand and Gravel Percentaae 

Sheringham 42 58 

Overstrand A 52 48 

Overstrand B 42 58 

Over strand C 42 58 

Mundesley 46 54 
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MEASURENiENT OP THE MOISTURE CONTENT OF MUDPLO'llS 

Samples were taken from the top 20cm, and placed in 

a glass tube which was sealed. "They were then weighed, 
o dried for 3 days at 105 Ct allowed to return to room 

temperature and re-weighedo The weight of moisture was 

calculated as a percentage of the dried weight. These 

samples were all collected on the same day, 4-6-71, and 

all the mudflows " except Overstrand C were sampled 0 Table 

71 gives the results. 

As regards the sampling over time, the same technique 

was used, but 2 samples were collected from each mudflow 

each week from approximately the same position. Table 72 

gives the data. 
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MUDFLOW MOISTURE CONTENT - COMPARISOn BET':IEEN SI'rES. 

Site Mean Moisture St~lndQrd Number 

Content {~0 ) Deviation SamEles 

Sheringham 22.7 3.59 7 

Overstrand A 26.1 5.12 11 

Overstrand B 27.3 2.55 24 

Mundesley . 22.1 2.84 12 

of 
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'~ab1e 72 

:,;UD:?TJO':: LlOISTURE CONTENT - CO:;'flPARISON OVER TIME 

}>-t te Sherin cham Overotrand A Overstrand B 

1 ~)-?-71 25.6 29.0 31.1 

2f:l-9-71 - 35.6 29.3 

8-1C-71 26.7 30.7 29.7 

18-10-71 25.0 39.2 30.3 

28-10-71 24.7 41.2 32.5 

2-11-71 25.0 37.9 29.0 

11-11-71 - 35.4 31.1 

23-11-71 27.3 36.2 28.3 

L~e3.Yl 25.7 35.6 30.2 

Stand.Dev. 1.2 4 .. 1 1.4 

N~:b8r 6 8 8 

Overstrand C 

21.6 

24.3 

27.6 

24.9 

-
29.2 

24.3 

-
25.3 

2.7 

6 

Mundesley 

31.3 

-
-

25.0 

34.9 

35.0 

-
32.0 

31.7 

4.1 

5 

...., 
0\ 
0\ 
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CHI SQUARE TEST - 1'0 TES~ FO;{ STGl~lPIC}'Tl' VI:,RL\]']O:r IN 
( 

A separate test is carried out for each site - the null 

hypothesis is that there is no difference ,betvJeen the values 

over time. 

Sheringham 

Overstrand A 

Overstrand B 

E 

X
2 

n 

df 

::: 

:: 

::: 

::: 

25.71 

0.2229 

6 

5 

Value not siBnificant 

E ::: 35.64 

X
2 

::: 3.3087 

n ::: 6 

df ::: 5 

Value not significant 

E ::: 30.18 

X2 ::: 0 0 4304 

n ::: 8 

df ::: 7 

Value not significant 
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Overstrand C 

E = 25.33 

X2 
= 1.4329 

n = 6 

df = 5 

Value not significant 

Mundesle;y: 

E = 31.67 

X2 = 4.0684 

n = 5 

df = 4 

Value not significant 

Thus the null hypothesis is accepted that there is no 

significant difference between the moisture contents over 

time at each site. 
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OVERSTRAND C M1JDFLO'N - 1971 IN1)UTS 

Stake Number Retreat (m) (Over 9 months) 

1 3.0 

2 0.0 

3 2.6 

4 1.8 

5 3.5 

6 5.8 

7 3.5 

8 4.0 

9 2.1 

10 5.3 

Mean retreat = 3.15m 

Circumference = 65m 

Height of backwall = 30m 

Volume for 9 months = 6240m3 

Volume for 1 year = 4.2 x 30 x 65 

= 8190m3 

In]2ut == 8190m3 
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OVEESTRAND C r.1UDFLOVl - 1971 OUTPUTS 

Date Volume of I.1udflow Accumulation 

20-1-1971 350 

15-2-1971 100 

4-3-1971 100 

9-3-1971 350 

3-4-1971 100 

10-5-1971 120 

20-5-1971 126 

18-8-1971 414 

28-8-1971 50 

14-11-1971 180 

16-11-1971 180 

18-11-1971 180 

24-11-1971 120 

1-12-1971 260 

4-12-1971 200 

8-12-1971 236 

12-12-1971 130 

16-12-1971 235 

28-12-1971 300 

31-12-1971 260 

Total 3 -- 3,990m 
3 - 4,OOOm 

(m3 ) 

3 Volume removed by strew:l in suspension -- 10, OOOm 

Therefore Total Gutnut 1~ 00~~3 .._.-=--_-'-.:~'t: ,_~'J~\.jJ..l 
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STREA~ DISCHARGE AND SUS~~NSION WEA~URE~ENT 

These streams are very small and therefore'difficult 

to measure. The discharge was measured where the stream 

leaves the cliff to flow across either the beach or the 

mudflow accumulation zone. The velocity was determined by 

timing the movement of a patch of dye over a measured 

distance, this was done 5 times and the mean calculated. 

The cross sectional area was measured with a tape measure, 

and thus the discharge was calculated. Table 75 gives 

average values of velocity, cross sectional area and 

discharge for each of the 6 streams measured. A 500cc 

water sample was collected by placing a plastic bottle in 

the flow from each stream every week. This was filtered in 

the laboratory and thus the number of grams of sediment per 

1000cc of water could be calculated. Then for each 2 month 

period the mean discharge and suspension volume was 

obtained for each stream, the mean discharge was converted 

to a total value by multiplying by the time factor, this 

was then multiplied by the mean suspension volume to give 

the total volume lost in m3• Table 76 gives the 2 

monthly data for each stream. 
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AVERAGE VALUBS OF Tfu\ IN DISCHARGE PARAMETEHS 

Site Velocity Cross Sectional Area -
m/Sec. 2 m 

Sheringharn 0.180 .0001 

Overstrand A 0.250 .0007 

Overstrand B 0.371 .0022 

Overstrand C 0.380 .0012 

Overstrand D 0.283 .0004 

llundesley 0.327 .0003 

Discharge 

m3/Sec. 

.00003 

.00016 

.00080 

.00043 

.00011 

.00009 
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~AN VALUES OF DISCHARGE AnD SUSPENSION AnD ~'OTA1 VOLUII1ES 

(1) Sheringham 

Months Mean. Discharge . Mean SusEension Total 

(m3/sec) (gms/l000cc) Volume (m3) 

3/4 1971 .000029 17 2.6 

5/6 1971 .000021 9 1.0 

9/10 1971 .00001 4 0.2 

11/12 1971 .00001 2 0.1 

1/2 1972 .00001 19 1.0 

3/4 1972 .00001 ti O.~ 

5/6 1972 .00001 10 0.5 

(2) Over strand A 

3/4 1971 .00008 16 6.8 

5/6 1971 .00018 9 8.8 

9/10 1971 .00020 5 5.4 

11/12 1971 .00012 4 2.9 

1/2 1972 .00004 1 0.2 

3/4 1972 .00011 2 1.2 

5/6 1972 .00020 2 2.6 

7/8 1972 .00019 5 5.3 

9/10 1972 .Ou017 7 6.4 

11/12 1972 .00012 4 2.5 

(3) Overstrand :n 

3/4 1971 .00050 0.5 1.5 

5/6 1971 .00060 0.4 1.6 

9/10 1971 .00030 0.9 1.5 
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Months. Mean Discharge Mean SUsEension Total 

(m3/sec) (gms/l000cc) Volume (m3 ) 

11/12 1971 .00040 0.6 1.3 

1/2 1972 .00060 0.9 3.0 

(4) Overstrand C 

3/4 1971 .00099 705 3685 

5/6 1971 .00283 243 3684 

9/10 1971 .00077 30 12 

11/12 1971 .00069 376 :1413 

1/21972 .00120 864 5641 

3/4 1972 .00130 138 976 

5/6 1972 .00063 34 117 

7/8 1972 .00048 0.5 ~ 

.9/10 1972 .00119 8 52 

11/12 1972 .00069 462 1736 

(5) Overstrand D 

9/10 1971 .00016 143 120 

11/12 1971 .00039 74 157 

1/2 1972 .00042 231 528 

3/4 1972 .00026 51 72 

5/6 1972 .00017 253 235 

7/8 1972 .00011 40 24 

9/10 1972 .00018 134 131 

11/12 1972 .00039 185 392 
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(6) Mundesle;y: 

Montns Mean Discharp:e Mean ~.iu.~;12ensJ.on 'l'otal 

(m3/sec) (gms/lOOOcc) Volume Cm 3 ) 

3/41~71 .00009 2 0.8 

5/6 1971 .00007 2 0.8 

9/10 1971 .00007 2 0.8 

11/12 1971 .00010 3 1.8 

1/2 1972 .00007 4 1.6 

3/4 1972 .00007 3 1.2 

5/6 1972 .00008 4 1.7 

7/8 1972 .00007 2 0.9 

9/10 1972 .00003 2 0.3 

The location of the stream sites refer to the same sites 

as the mudflows that were measured. The only exception is 

OVerstrand D, wh~ch lies 100m to the west of Overstrand C 

and is ment10ned 1n the text concerning mudflows. 
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VALUES OF DISCHARGE AND SUSPENDl~D SEDIMl::NT - OVEHSTRAND C 

STREArfl - 1971 

.Discharge Discharge 2 
Date x 10 SusEended Sediment 

(m3/sec) (gms/1000cc) 

4-3-71 .0016 1.65 550 

9-3-71 .0004 0.40 422 

17-3-71 .0026 2.60 3978 

3-4-71 .0004 0.40 43 

14-4-71 .0005 0.50 288 

27-4-71 .0004 0.40 215 

10-5-71 .0009 0.90 523 

20-5-71 .0026 2.60 18 

'.7-6-71 .0052 5.20 5-

22-6-71 .0021 2.10 54 

28-6-71 .0019 1.90 760 

14-7-71 .0011 1.70 8 

21-7-71 ,0005 0.50 9 

15-9-71 .0005 0.50 23 

28-9-7l .0005 0.50 41 

5-10-71 .0017 1.70 11 

18-10-71 .0005 0.50 65 

28-10-71 .0008 0.80 9 

3-11-71 .0008 0.80 9 

11-11-71 .0004 0.40' 16 

1-12-71 .0006 0.60 916 

16-12-71 .0000 1.00 102 

29-12-71 .0007 0.70 406 

5-1-72 .0006 0.60 522 
-
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Date niocbarge DiDcbaree x 102 

Suspendc~d Sediment -
7-

(m)/sec) (gIns/1000ce) 

21-1-72 .0019 1.90 36 

28-1-72 .0012 1.20 2970 

16-2-72 .0010 1.00 376 

3-3-72 • 0010 1.00 . 171 

14-3-72 .0025 2.50 138 

Mean 1.40 426 

Standard E~viation 1.20 874 

Number 30 3;0 
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APPENDIX 4 

TIME CONCEPTS 

Appendix 4A Volume Loss from the Norfolk Cliffs 

Appendix 4B Ranking of the Mass Movement Mechanisms 

Appendix 4C Explanation of Temporal Variation in 

Retreat Rate - Multiple Correlation Model 
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VOLUI,lES LOST BETWEEN WEYBOURNE AND MUNDESLEY - 1971/1972 MEAN VALuES 

Site -1 Re~reat Rate (m yr ) Height Site Length Volume Lost (m3) 

1971 1972 Mean em'} (m) 1971 1972 PJaan 

'll eybourne to 

Sheringham 0.11 0.06 0.08 24.72 4,830 13,134 7,164 10,149 

Sheringham to 

West Runton 0.65 0.28 0.47 24.22 1,300 20,466 8,816 14,641 

',vest RuntOD 

to Cromer 0.33 0.14 0.24 30.92 3,380 34,488 14,6.31 24,560 

Cromer to 

Overstrand 0.33 0.14 0.24 52.01 3,220 55,266 23,466 27,645 

Overstrand to 

Mundesl.ey 4.13 0.80 2.46 50.58 6,040 1,261,728 244,403 751,538 

Total 1,385,082 298,460 828,533 

~-

f-' 
-..l 
IJ) 
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v OUJ7.:Z LOST BETWEEN WEYBOURNE AND MUNDESLEY - 80 YEAR MEAN VALUES 

Site -l Retreat Rate(m yr ) Height(m) Site Length(m) 3 Volume Lost (m ) 

V/eybourne to 

Sheringham 0.4l4 24.72 4,830 49,43l 
i 

Sheringham to 

Cromer 0.433 27.40 4,680 55,524 

CrOr:ler to 

Overstrand 0.46l 52.0l 3,220 77,205 

Overstrand to 

Mundesley 1.630 50.58 6,040 497,970 

'Eotal 680, l30 

~ 
Q) 
o 
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OVERSTRAND - VOLUMES LOST IN 1972 

Month 

January-February 

March-April 

May-June 

. July-August 

September-October 

November-December 

Volume Lost (m3 ) 

10,849 

6,735 

1,547 

791 

2,107 

7,030 
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VOLUlVIES LOST DURING THE SURGE - NOVEMBBR 1911 

Site Length 

(m) 

Weybourne to 

Sheringham 4030 

Sheringham to 

West Runton 

West Runton 

to Cromer 

Cromer to 

OVerstrand 

OVerstrand to 

2420 

3220 

3220 

Mundes1ey 1490 

Mundes1ey to 

Happisburgh 8050 

Total Lost = 

Mean Retreat Rate = 

Height 

(m) 

26.17 

34.95 

27.00 

53.10 

49.40 

21.32 

2,648 

11,172 

4,452 

1,133 

132,819 

1,326 

154,150m3 

O.lOm/day 

Retreat Rate 

(m/day) 

0.025 

0.139 

0.051 

0.001 

0.359 

0.008 

(The loss between Mundesley and Happisburgh is so low 

because of the sea defences here). 
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T8.ble 82 

SHERINGHAM SITE - PROCESS _ BREAKDOWN, 1971, 1972. 

Process 1971 1972 Winter {Bov.-AEr.) 

m3 
~ m3 

~ 1971 1972 

m3 
~ m3 

- -

All processes 28155 100 14818 100 23174 100 10376 

Landslides 23369 83 7518 51 22174 96 6536· 

Wl.nd erosion 4786 17 7300 49 1000 4 3840 

_._- -- ---......I -_.-

Summer {r~a;y-Oct.} 

1971 1972 

~ m3 
~ m3 

-

100 4981 100 4442 

63 1195 24 982 

37 3786 76 3460 

2f 

100 

22 

78 

1 

I 

I 

f-' 
Q) 
\.>J 
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Table 0.3 

OVERSTRAND SITE - PROCESS BREAKDOWN, 1971, 1972 

Process 1971 1972 Winter ~Nov.-AEr.l 

m3 
~ m3 

- ~ 1971 1972 

m3 
~ m3 

~ -
All processes 87195 100 29059 100 70794 100 2461~ 

Landslides 69216 79 15011 51 57546 81 11475 

Mudflows 4083 5 3399 12 3373 5 3295 

Water erosion 13896 16 10649 37 9875 14 9844 

-- ---

Summer ~Ma~TOct.l 

1971 1972 

m3 12 m3 

100 16401 100 4445 

47 11670 71 3536 

13 110 4 104 

40 4021 25 805 

- -- _._-- --- ---

12 I 
! 

100 

80 

2 

18 
I 

! 

- --~ 

~ 
co 
+>-
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WEYBOURNE SITE - PROCESS BREAKDOWN, 1972 

Process 1972 

Landslides 2137 

Winter ~Nov.-AEr.2 

m3 ! -

1225 57 

Summer {Ma;Y:-Oct.} 

m3 .~ 

912 43 

....., 
(X) 
\J1 
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Table 85 

MUlfDESI£Y SITE - PROCESS BREAKDOWN, 1971, 1972. 

Process 1971 1972 Winter {Nov.-AEr.} 

m3 zf m3 
~ 1971 1972 -

m3 
~ 

~ 
!!L- ~ 

All processes 10 100 133 100 5~5 100 127 100 

Landslides - 122 98 - 122 96 

Water erosion 6 60 7 1.5 3.5 63 3 2 

Wind erosion 4 40 4 0.5 2.0 37 2 2 

Summer {Ma~ -Oct.} 

1971 1972 

m3 
~ m3 

4.5 100 6 

- -

2.5 56 4 

2.0 44 2 

~ 

100 

67 

33 

I 

f-J 
en 
0'\ 
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MONTHLY RETREAT RATES, 1971, 1972 - oHJ;;RINGH.A..1\1: AND 

OVERSTRAND. 

(1) Sheringham 

r.~onth Retreat Rate 1971 Retreat Rate 1~72 

em/month) (m/month) 

1 0.0174 000628 

2 0.0854 0.1111 

3 0.0427 0 00534 

4 0.0392 0.0309 

5 000336 0.0188 

6 0.0133 000146 

7 000140 0.0315 

8 0.0140 0.0355 

9 000140 0.0080 

10 0.0037 0.0164 

11 0.376.8 0.0084 

12 0.0102 0.0202 

(2) Overstrand 

i 0.0795 0.1832 

2 0.1563 0.1224 

3 0.3252 0.0738 

4 000592 0 0 1175 

5 0.2899 0.01'00 

6 0.u523 0.0112 

7 0 00012 0.0025 

8 0.1060 0,,0186 

Mean 

0.0401 

0.0983 

0.0481 

0.0351 

0 0 0262 

0 0 0140 

0.0228 

0.02"48 

0.0110 

0.0101 

0.1926 

0.0150 

0.1314 

0.1394 

0.1995 

0.0884 

0.1499 

0.0318 

0.0019 

00u623 
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Month Retreat Hate 1971 Retreat Rate 1972 Hean --
(m/month) (m/month) 

9 0.0133 000350 0.0242 

10 0.0604 0.0285 0.0445 

11 2.4614 0 00561 102588 . 
12 0.6147 0.1436 0 0 3792 
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MEAN MON'l'HLY RETREAT RATE (SHERINGHPJ.1 ANTI OVERSTRAND 

AVERAGED) • 

Month Retreat Rate 1971L1972 

(m/month) 

1 0.0858 

2 0.1189 

3 0.1238 

4 0.0618 

5 0.0881 

6 0.0229 

7 0.0124 

8 0 0 0436 

9 0.0176 

10 0 0 0273 

11 0.7257 

12 0.1972 
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MOnTHLY RAIUFAIJL VALUES 

Month 1971 Rai.nfall 

(mm) 

1 93 

2 23 

3 48 

4 3:). 

5 24 

6 34 

7 68 

8 99 

9 23 

10 43 

11 88 . 

12 35 
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1972 Rainfall 1'IIean Value 

(mm) (mm) 

67 80 

30 26 

28 38 

4~ 36 

31 27 

34 34 

35 52 

19 59 

33 28 

9 26 

83 86 

35 35 
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MONTHLY RELATIVE HUl'iIIDITY VALUES 

Month Relative Humidity Relative Humidity 

1971 1972 

% % 

1 89 90 

2 79 91 

3 °73 82 

4 77 75 

5 78 81 

6 78 76 

7 76 85 

8 76 83 

9 72 78 

10 '73 74 

11 78 79 

12 85 86 

Eean Value 

% 

90 

85 

78 

76 

80 

77 

81 

80 

75 

74 

79 

86 
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MON'rHLY '\lAVE ElJERGY VALUES. (SIH~HINGHAIvI AnD OVERS'lI~ 

AVERAGED) 

. 
Month Wave Energ~ 1971 Wave Energ~ 1972 Mean Value 

1 20 562 292 

2 199 221 210 

3 1000 660 833 

4 658 739 699 

5 206 345 276 

6 675 12 344 

7 66 425 246 

8 114 229 171 
. 

9 90 157 124 

10 298 131 215 

11 285 87 186 

12 645 7 325 
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MONTHLY VALUES FOR HIGH TIDE MARK REACHIHG THE CLIFF BM1E 

(SHERINGHAl'l1 AND OVEHSTRAND AVERAGED) 

Month 1971 freguenc;y 1972 freguenc;y' Mean Value 

1 20 21 21 

2 22 ", 23 23 

3 56 32 44 

4 20 33 . 27 

5 20 31 26 

6 25 23 24 

7 25 33 29 

8 32 34 33 

9 24 25 25 

10 30 30 30 

11 39 33 36 

12 30 30 30 
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STOllJ'VI FIU:qUENCY - WEIGHTING FACTORS 

Wind data from an inland station, Coltishall, was 

used so allowance was made for the fact that wind speed on 

the coast is at least one force higher. The following 

criteria were selected and weighted on the basis of field 

evidence of the effectiveness of various storms. The 

criteria were:-

(1) More than 2 consecutive days at wind force 4. 

(2) More than 4 "consecutive days at wind force 4. 

(3) More than 2 consecutive days at wind force 5. 

Each group was weighted with the following factors:-

(1) xl 

(2) xl.5 

(3) x2.0 

Allowance was made for the storm surge by weighting this 

event by a factor x3. The data is given in Table 92. 
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Table 92 

STORM FREQUENCY VALUES 

Month Storm Frequenc;y 1971 

1 2.0 

2 2.0 

3 4.0 

4 2.0 

5 o. 
6 2.5 

7 o. 

8 1.0 

9 0 

10 4.0 

11 6.0 . 

12 3.0 

195 

Storm Freguenc;y 1972 Mean Value 

3.5 2.7 

2.0 2.0 

4.5 4.3 

5.0 3.5 

3.5 1.8 

3.0 2.5 

1.0 0.5 

2.5 1.8 

0 0 

1.5 2.8 

5.0 5.5 

4.5 3.8 
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Table 93 

TEI:TPORAL VAlUATION CORRELATIOn TABLE 1971/1972 

1 2 l - -

1 - +0.7127 +0.5928 

2 - - +0.3750 

3 - - -

4 - - -

5 - - -

1 Retreat Rate 

2 storm Frequency 

3 Rainfall 

4 High Tide Mark Variable 

5 Relative Humidity 

4 .2. 

+0.3895 +0.0947 

+0.5302 +0.0665 

+0.1623 +0.4021 

- -0.3096 

- -
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PARTIAL CORRELATIOl~ COEFFICIEN1'S 1971/1972 

The first order partial is based on the following 

equation (Blalock (1960) ):-

= r ij (rik) (r jk) 

J 1 - r ik 
2 
Jl - r jk 

2 

Higher order partials just add suecessive control variables, 

each time starting with the partial of order one less than 

tha~ desiredo (Blalock t1960) ). 

= 0.5004 

= 

= -0.1672 
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MULTIPLE CORRELATIO.N COEFFICIENTS 1971/1972 

Blalock (1960) gives Lhe general formula for a three 

variable multiple correlation coeffic~ent as:-

2 
R, 'k 
~.J 

Thus:-

2 
Rl •23 

Rl • 23 

2 
R1 •234 

Rl •234 

2 
Rl.2345 

Rl.2345 

= 

= 0.6316 

= 0.7947 

= 0 0 6326 

= 0.7954 

= 0.6429 

= 0.8018 
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MULTIPLE CORRELATION 1971/1972 - SIGNIFICANCE OF THE 

VARIATION EXPJJAINED 

Variables R R2 Variation· Significance - -
EX121ained 

(%) 

1,2 0,,7131 0,,5085 50.85, sig. p.05 

1,2,3 0.7947 0.6316 63.16 sig. p.05 

1,2,3,4 0.7954 0.6326 63,,26 sig. p.05 

1,2,3,4,5 0,,8018 0.6429 64.29 Not sig. 

.. 

1. Retreat Rate 

2. storm Frequency 

3. Rainfall 

4. High Tide Mark Frequency 

5. Relative Humidity 
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TELIPORAL VAlUATION CORRELATION rfABIJE 1972 

1 2 3 - -

1 - +0.3283 +0.2847 

2 - - +0.4710 

3 - - -

4 - - -

5 - - -

1 Retreat Rate 

2 Storm Frequency 

3 Rainfall 

4 Wave energy 

5 Relative Humidity 

4 .2 

+0.3556 +0.4869 

-0.0507 -0.0198 

+0.0815 +0.2044 

- +0.1094 

- -
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PARTIAL AND r;IUIJTIPLE CORREL!,TION COgF}'ICIEHTS 

(1) Partial Coefficients 

= 0.1561 

= 0.3832 

= 0.4934 

(2) Multiple Correlation Coefficients 

2 
R1 •23 = 0.1296 

Rl •23 = 0.3600 

2 
R1•234 = 0.2574 

R1 •234 = 0.5073 

2 
R1.2345 = 0.6238 

R1.2345 = 0.7898 
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lliUvrIrLE CORRELATION - 1972 - SIGNIl!'ICANCE OF TIIE VARIATION 

Variables R -

1,2 0.3283 

1,2,3 0.3600 

1,2,3,4 0.5073 

1,2,3,4,5 0.7898 

1 Retreat Rate 

2 Storm Frequency 

3 Rainfall 

4 Wave Energy 

5 Relative Humidity 

R2 -

0.1078 

0.1296 

0.2574 

0.6238 

EXPLAINED 

Variation Significance 

.f~xElain cd (10) 

. 
10.78 Not sig. 

12.96 Not sig. 

25.74 Not sig. 

62.38 Not sig. 
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APPENDIX 5 

SPATIAL AND TEMPORAL SCAJ.JE VARIATIOn 

Appendix 5A 

Appendix 5B 

Appendix 5C 

Appendix 5D 

Scale I 

Scale II 

Scale II 

Data 

Norfolk, Holderness, Suffolk, 

Multiple Correlations 

Norfolk - 80 year and 2 year 

Multiple Correlations 

Scale III - llultiple Correlations 
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Appendix 5S: 

Table 100 

SCALE 1. - SHERINGHAI',1 SITE DATA 

Section No. Retrcat Rate J..Jandslide Volur:lc Distancc to 

1271L1972 Mean 1971/1972 r.lcan High 'fidc hi:.'lrk 
-1 m3 m yr m 

1 1.06 6,851 4.67 

2 0'.29 1,606 5.98 

3 0.38 2,392 6.42 

4 0.70 2,011 15.76 
-.~-----..... 

5 0.17 366 21.69 

6 0.19 216 21.69 
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SCALE II - NOHFOLK - CORRELATION TABLE 

1 2 2- 4 2-- -

1 - +0.5753 +0.2302 -0.5700 +0.3706 

2 - - -0.0453 -0.3810 +0.2080 

3 - - - +0.1138 +0.5058 

4 - - - - -0.3233 

5 - - - - -

6 - - - - -

7 - - - - -
, 

1 Retreat Rate 

2 Geology Factor 

3 Cliff Height 

4 High Tide ~ark Variable 

5 Water Discharge 

6 Wave Energy 

7 Offshore Steepness 

6 7 -

+0.5314 -0.5510 

+0.7173 -0.6088 

-0.3580 +0.3657 

-0.4516 +0.5267 
" 

-0.0511 +Q.1368 

- -0.8454 

- -
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SCALE II - NORFOLK - PARTIAL AND MULTIPLE CORRELATION 

COEFFICIENTS 

(1) Partial Coefficients 

r 13 • 2 = 0.3137 

r 14 • 23 = -0.5260 

r15.234 = -0.0237 

r 16.2345 = 0.7925 

r17.23456 = -0.4424 

(2) Multiple Correlation Coefficients 

2 0.6299 Rl • 23 = 
Rl •23 = 0.3968 

2 0.7508 Rl •234 = 

Rl • 234 = 0.5638 

2 0.7510 Rl.2345 = 

Rl.2345 = 0.5640 

2 0.9153 Rl.23456 = 

Rl.23456 = 0.8379 

2 0.9325 Rl.234567 = 

Rl.234567 = 0.8696 
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SCALE II - NORFO[;K - MULTIPLE COHREIATION - SlGNIPJChNCE 

OF THE V!\RIATION EX1)I.AINED 

Variables R R2 Variation Sie;nificance - -
Explained (~1, ) 

1,2 0.5753 0.3309 33.09 Sig. p.05 

1,2,3 0.6299 0.3968 39.68 Sig. p.05 

1,2,3,4 0.7508 0.5638 56.38 Sig. p.05 

1,2,3,4,5 0.7510 0.5640 56.40 Sig. p.05 

1,2,3,4,5, 0.9153 0.8379 83.79 Sig. p.Ol 

6 

1,2,3,4,5, 0.9325 0.8696 86.96 Sig. p.Ol 

6,7 

1 Retreat Rate 

2 Geology Factor 

3 Cliff Height 

4 High Tide Mark Variable 

5 Y/ater Discharge 

6 V/ave Energy 

7 Offshore Steepness 
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SCALE II - HOLDERNgSS - CORRELATION TABLE 

1 2 3. 4 -

1 - 0.6121 -0.1649 0.6737 

2 - - -0.2660 0.5174 

3 - - - 0.0849 

4 - - - -

5 - - - -

1 Retreat Rate 

2 Geology Factor 

3 Cliff Height 

4 Wave Energy 

5 Offshore Steepness 

2-

-0.5714 

-0.3566 

-0.2409 

-0,8520 

-
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Table 105 

SCALE II - HOLDERNESS - PAHTIAL AND IflULTIPLE CORRELATION 

COEPFICIENTS 

(1) Partial Coefficients 

= -0.0026 

= 0.5487 

= -0.1367 

(2) Multiple Correlation Coefficients 

2 
R1 • 23 = 0.3747 

R1 •23 = 0.6121 

2 
R1 • 234 = 0.5630 

Rl •234 = 0.7503 

2 
Rl.2345 = 0.5712 

Rl.2345 = 0.7558 
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SCALE II - HOl~DERNESS - MULTIPJ-JE CORHELATION - SIGNIFICANCE 

OF THE V J\RIATI ON EXPLAINED 

Variables R R2 Variation Significance - -
EX}21ained (%) 

1,2 0.6121 0.3747 37.47 Sig. p.Ol 

1,2,3 0.6121 0.3747 37.47 Sig. p.05 

1,2,3,4 0.7503 0.5630 56.30 Sig. p.05 

1,2,3,4,5 0.7558 0.5712 57.12 Sig. p.05 

1 Retreat Rate 

2 Geology Factor 

3 Cliff Height 

4 Wave Energy 

5 Offshore steepness 
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SCALE II - SUFPOLK - CORRELNrION TABLE 

1 2 1 - -

1 - -0.6184 -0.4973 

2 - - +0.0768 

3 - - -

4 - - -

1 Retreat Rate 

2 Cliff Height 

3 Offshore Steepness 

4 Beach Accretion 

4 

-0.2990 

+0.0295 

+0.2929 

-
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SCALE II - SUFFOLK - PAWrIAL AND rJULTIT'LE COR.RELATION 

COEFFICIENTS 

(1) Partial Coefficients 

= -0.5740 

= -0.2425 

(2) Multiple Correlation Coefficients 

2 
R1 •23 = 0.5859 

Rl • 23 = 0.7654 

2 0.6447 R1 • 234 = 

Rl •234 = 0.8029 
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Table 109 

SCALE II - SUJ?l!"'OLK - LmLTIPLE COHRBLA'rION - SIGi\IFIClINCE 

OF TIm VARIATIm; EXPLAnrSD 

Variables R R2 Variation SiGnificance - -
EXElained (~; ) 

1,2 0.6184 0.3824 38.24 Sig. p.05 

1,2",3 0.7654 0.5859 58.59 Sig. p.05 

1,2,3,4 0.8029 0.6447 64.47 Sig. p.05 

1 Retreat Rate 

2 Cliff Height 

3 Offshore steepness 

4 Beach Accretion 
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NORFOIJK - RE':'REAT RATE OVER 2 YEARS (CI,IFP EDGE 

MEASUR2MENTS) 

Site Number Retreat Rate ( -1 m yr :) 
, 

1 0.42 

2 0.20 

3 0.28 

4 1.67 

5 0.13 

6 0.00 

7 0.31 

.8 0.80 

9 1.23 

10 1.08 

11 0 0 34 

12 0.46 
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SCALE II - NORFOI;K - CORRELATION TABLE (12 STi'ES - ao YBAH 

MEAN) 

1 2 1 4 2- 6 7 - - -

1 - +0.7292 -0.6863 +0.5849 +0.5793 -0.5642 +0.5395 

2 - - -0.5280 +0.5669 +0.4176 -0.2019 +0.4159 

3 - - - -0.5842 -0.3525 +0.4026 -0.6385 

4 - - - - +0.3502 -0.2591 +0.7613 

5 - - - - - -0.5372 +0.4253 

6 - - - - - - -0.2990 

7 - - - - - - -

1 Retreat Rate 

2 Cliff Height 

3 Offshore Steepness 

4 Vlave Energy 

5 ';latcr Discharge 

6 Hi.gh Tide LIark Variable 

7 GcoloCY }'actor 
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SCALE II - NORFOLK - PAETIAL AND r.iIULTIPLE CORHELATION 

COEFFICIENTS (12 SITES, 80 YEAR KEAN) 

(1) Partial Coefficients 

r 13 •2 = -0.5185 

r 14 •23 = 0.1192 

r15.234 = 0.4130 

r 16.2345 = -0.4954 

r17.23456 = -0.0173 

(2) MultiEle Correlation Coefficients 
2 0.6576 R1 •23 = 

Rl • 23 = 0.8110 

2 0.7065 R1 •234 = 

Rl •234 = 0.8405 

2 0.7566 R1.2345 = 

Rl.2345 = 0.8698 

2 0.8163 Rl.23456 = 

Rl.23456 = 0.9035 

2 0.8164 Rl.234567 = 

Rl.234567 = 0.9035 
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SCALE II - NORFOLK - MULTIPLE CORRELATION - SIGNIFICANCE 

OF THE VARIA'rION EXPLAINED (12 SITES, 80YEt.R lilliAN) 

Variables R R2 Variation Significance -" -
EXElained (5~) 

1,2 0.7292 0.5317 53.17 Sig. p.Ol 

1,2,3 0.8110 0.6576 65.76 Sig. p.Ol 

1,2,3,4 0.8405 0.7065 70.65 Sig. p.05 

1,2,3,4,5 0.8698 0.7566 75.66 Sig. p.05 

1,2,3,4,5,6 0.9035 0.8163 81.63 Sig. p.05 

1,2,3,4,5,6,7 0.9035 0.8164 81.64 Not Sig. 

1 Retreat Rate 

2 Cliff Height 

3 Offshore Steepness 

4 Wave Energy 

5 Vlater Discharge 

6 High IJ.'ide Mark Variable 

7 Geology Factor 
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SCALE II - NORFOLK - CORRELATION Tl.BLE (12 SITES, 2 Y5::i>.R 

1 2 1. 4 2- 6 7 - - -
, 

1 - -0.6518 +0.6430 -0.3357 +0.3230 +0.1788 +0.0632 

2 - - -0.5372 +0.1568 -0.2019 -0.2591 -0.2990 

3 - - - -0.3762 +0.4176' +0.3502 +0.4·253 

4 - - - - -0.4389 -0.8054 -0.6855 

5 - - - - - +0.5669 +0.4159 

6 - - - - - - +0.7613 

7 - - - - - - -

1 Retreat Rate 

2 High Tide Mark Variable 

3 Water Discharge 

4 Beach Steepness 

5 Cliff Height 

6 l,"lave Energy 

7 GeoloGY Factor 
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SCALE II. - NORPOLK - PAHTIAL J\ND MUVT IPIJE CORREI;.ATION 

COEFFICIErJTS ( 12 SI1'ES, 2 Y1';AR IftEAN ) 

(1) Partial Coefficients 

r 13 •2 = 0.4579 

r 14 •23 = -0.1815 

r15.234 = 0.0477 

r 16.2345 = -0.4856 

r17.23456 = -0.6905 

(2) Multiple Correlation Coefficients 

2 0.5454 R1 •23 = 

R1 •23 = 0.7385 

2 0.5604 R1•234 = 
R1 •234 = 0.7486 

2 0.5664 Rl.2345 = 

Rl.2345 = 0.7526 

2 0.6686 Rl.23456 = 

Rl.23456 = 0.8177 

2 0.8266 Rl.234567 = 

Rl.234567 = 0.9055 
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SCALE II -JJO:1FOI,K - {.:tTl/rIFLE COnRELATION - SIGNIFICA:WE OF 

(faE VAEIATJOli EXPLAIlTED ( 12 SITES, 2 Y:2AR BEAN) 

Variables R R2 Variation Significance - -
EXElained C~) 

1,2 0.6518 0.4380 43.80 Sig. p.05 

1,2,3 0.7385 0.5454 54.54 Sig. p.05 

1,2,3,4 0.7486 0.5604 56.04 not Sig. 

1,2,3,4,5 0.7526 0.5664 56.64 Not Sig. 

1,2,3,4,5,6 0.8177 0.6686 66.86 Not Sig. 

1,2,3,4,5,6,7 0.9055 0.8266 82.66 Not Sig. 

1 Retreat Rate 

2 High Tide Mark Variable 

3 Water Discharge 

4 Beach Steepness 

5 Cliff Heieht 

6 l;[avc Energy 

7 Geolo[y li'actor 
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Table 117 

SCAljE II - NORPOLK - COI.~PARISION OF THE 2 YEA11 AND 80 YEAR 

COHHELATIONS 

(1) 2 Year Correlation 

Correlation Table 

1 2 3. - -

1 - 0.323 -0.6518 

2 - - -0.2019 

3 - - -

1 Retreat Rate 

2 Cliff Height 

3 High Tide Mark Variable 

Partial Correlation Coefficient 

= -0.6329 

MultiEle Correlation Coefficient 

r 12 
2 = 0.1043 

r 12 = 0.323 
2 0.4631 Rl~23 = 

Hl •23 = 0.6805 

Variation explained 46%, significunt at p.05. 
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(2) 80 Year Correlation 

Correlation Table 

1 2 2. - -
. 

1 - 0.729 -0.6863 

2 - - -0.5280 

3 - - -

1 Retreat Rate 

2 Cliff Height 

3 Offshore Steepness 

Partial Correlation Coefficient 

= 0.5185 

MultiEle Correlation Coefficient 

r 12 
2 0.5314 = 

r 12 = 0.7290 
2 0.6574 Rl •23 = 

Rl •23 = 0.8108 

Variation explained = 66%, significant at p.Ol. 
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SCALE III - HOLDEHNESS - r!IULTLPLE CORHELATI01'J 

Correlation Table 

1 2 .2 - -
1 - 0.6121 -0.5714 

2 - - -0.3566 

3 - - -

1 Retreat Rate 

2 Geology Factor 

3 Offshore Steepness 

Partial Correlation Coefficient 

= -0.4779 

Multiple Correlation Coefficient 

= 
= 

Variation explained = 

0.5175 

0.7194 

siGnificant at p.05. 
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SCALE III - NOR}'OLK - ii~ULTIPLE CORRELA'nON 

Correlation Table 

1 2 ' 3 - -

1 - 0.5753 -0.5510 

2 - - -0.6088 

3 - - -

4 - - -

1 Retreat Rate 

2 Geology Factor 

3 Offshore steepness 

4 Cliff HeiEht 

Partial Correlation Coefficient 

l'JultiEle Correlation 
2 

R1 •23 

R1 • 23 

R2 
1.234 

R1 •234 
Variation explained 

= 
= 

-0.3094 

0.5183 

Coefficient 

= 0.3951 

= 0.6286 

= 0.5576 

= 0.7467 

= 56/~" significant 

i 

+0.2302 

-0.0453 

+0.3657 

-

at p.05. 
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SCALE III - SUFFOLK - MULTIPLE COHRELATION TABLE 

Correlation Table 

1 2 - -

1 - -0.6184 

2 - -

3 - -

1 Retreat Rate 

2 Cliff Height 

3 Offshore Steepness 

Partial Correlation Coefficient 

= -0.5740 

Multiple Correlation Coefficient 

= 

= 

0.5859 

0.7654 

3 

-0.4973 

0.0768 

-

Variation explained = . 59%, sienificant at p.05. 
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