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Acronyms & Abbreviations
ACMP

Anglian Coastal Monitoring Programme

HAT

Highest Astronomical Tide

HTL

Hold the Line

LAT

Lowest Astronomical Tide

MHWN

Mean High Water Neaps

MHWS

Mean High Water Spring

MLWN

Mean Low Water Neaps

MLWS

Mean Low Water Springs

MR

Managed Realignment

MSL

Mean Sea Level

NNDC

North Norfolk District Council

ODN

Ordnance Datum Newlyn

SMP

Shoreline Management Plan

1. Overview
The aim of this report is to analyse and present the monitoring data that has been
systematically collected and processed by ACM over the Sheringham town and Beeston
Cliff frontage. The purpose is to facilitate the risk management authority’s optioneering
process ahead of an anticipated engineering scheme. Future works to hold the existing line
of defence are considered necessary to meet the SMP policy aspiration. This report also
aims to highlight the openly available dataset provided by ACM, for use by future contractors
or researchers. This request for analysis was discussed with Rob Goodliffe, Coastal
Manager, for Coastal Partnership East (CPE), on 05/01/2022. The main area concern is the
beach in the vicinity of Beeston Bum. The Sheringham town frontage was also considered
important to include, for a more synoptic overview of coastal change.
Beach levels east of Sheringham have ostensibly dropped over the long term, and
on occasion, lowered enough to threaten the stability of the concrete seawall at the toe of
Beeston cliffs. This report offers an evidence base on which local, experienced but
unquantified observations can be gauged. Beeston Bump lies within the Sheringham
Shoreline Management Plan (SMP) policy unit (6.02) where the intention is to Hold the Line
(HTL) throughout future epochs (see Table 2). Remedial revenue-funded work has been
done to stabilise the wall, i.e., sheet piling and backfilling. This report aims to inform NNDC
members required to discuss the future of the Bump. Partnership funding for a future
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scheme will be limited here. There will be a need for a larger capital scheme along the
frontage and NNDC will procure an engineering consultant to undertake an options
appraisal. This report will facilitate NNDC to proceed objectively, using empirical evidence,
with the FCERM decision making process. The presentation and interpretation of ACMP’s
topographic survey data, for eight selected transects from Sheringham to Beeston was
requested to enable NNDC to initiate the project and support the tender writing process.
ACMP’s topographic dataset is now 20 to 30 years long for strategic transects. Basic
analysis and presentation of topographic profiles and aerial imagery herein offers some
descriptive statistics on the extents and rates of coastal change, over the history of
monitoring. Calculations of short, medium and long-term trends are compared herein, to
identify any acceleration, deceleration or reversal.
LiDAR data from the first available survey or ‘baseline’ (2012) is subtracted from the most
recent (2021) survey to provide a spatially continuous overview of significant (>0.5m) losses
and gains in elevation, over the study area. Bathymetry data, collected by ACM in 2017, is
presented (in Figures 11&12) for familiarisation of the nearshore area, and to provide
hydrographic context for NNDC officers and future contractors.
The analysis extent is from the western end of Sheringham town frontage by the boating
lake, following along the seafront to the Norfolk coats path, up and over Beeston Bump to
the western edge of Beeston Regis Holiday Park. The 1.75km long frontage is shown in
Figure 1, along with the locations and references of the eight 8 ACM selected transects. Due
to concerns of falling beach levels, the area adjacent and west of Beeston bump, seaward
of the Beeston Hills putting green and around the access ramp, will be focused on an, as
shown in Figure 2

Figure 1: ACM aerial photography (2021) showing extent of analysis.
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The
data
and
analysis
methodologies
employed
are
discussed in Section 2. Analysis by
level will be conducted on eight
selected transects to visualise
lateral shoreline movement over
time (increasing chainage values
=accretion/ decreasing chainage
values =erosion). Analysis by
chainage on two key transects
(N051 and KC144) reveals the
vertical change in beach level over
time
(i.e.,
increasing
beach
levels=accretion/ decreasing beach
levels=erosion). LiDAR difference
images also provide a spatially
continuous view of any significant
elevation gains and losses between
the aerial surveys conducted in
2012 and 2021.

Figure 2: Area of concern around the beach access ramp is
shown in the Google Maps image (top). The location east of
Sheringham, seaward of Beeston Hills Putting Green and
closest to ACM transect N051 is shown on the map

The report will present results and
interpretation in Section 3. Section 4
will summarise these and highlight
any anomalous or concerning
trends or major disparities between
the Sheringham and Beeston

analysis units.

Background
Beeston Bump lies 0.5km east of Sheringham and 4.5km west of Cromer town
centres, at a height of 63m ODN. The lithology of the hill is mainly sand and gravel, with
occasional boulders deposited at the end of the last ice age, by retreating ice. An equivalent
round topped hill also existed adjacent and seaward to Beeston but has since eroded. The
area around the Bump is a designated Site of Special Scientific Investigation (SSSI) and a
highlight of the Norfolk Coast Path. The area surrounding the Bump has been developed
with residential streets landward of the feature, and a holiday park to the east. Beeston Beck
and outfall drain this hinterland and there is not thought to be an issue or advancement of
erosion from surface water runoff. Beach levels are purportedly dropping, and episodically
fall below the toe level of the seawall. This threat of undermining effects the stability of the
concrete seawall and therefore the erosion protection it provides to Beeston Cliffs behind it.
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SMP6 Extract
Kelling to Cromer: The towns of Sheringham and Cromer provide two of the main centres in the
whole of North Norfolk. These towns are both situated on the northward facing shoreline, which is
characterised by low rates of sediment transport and relative stability when compared to much of the rest of
the SMP coastline. Furthermore, the eroding cliff between these towns provides little contribution to beaches
beyond these points. Therefore, both Sheringham and Cromer can be protected for the foreseeable future
without unduly compromising protection of other frontages. Both towns have a range of facilities that service
other communities in the area and are key locations for local trade, including the tourism industry. There is
strong justification for seeking to prevent erosion of these frontages and the consequent loss of properties
and services. It is unlikely in the long-term that any beach would exist in front of these defences, therefore
the character of these frontages would alter, although some beach would probably still exist between these
two towns, due to erosion being allowed to continue (SMP6 Main Report, Section 4.1.1, pp 29).

Defence summary:
Coastal protection along the town
frontage consists of a concrete seawall with
armouring, and rock and wooden shoreperpendicular groynes. Sheringham (East)
The seawall dates to 1960-70’s. The beach
is part of the 1990’s scheme. The eastern
wall, towards Beeston Bump, is a low
concrete structure (identified in Figure 3)
which serves to reduce the rate of erosion
rather than provide full protection The wall is
fronted by rock armour over the town
frontage, which is also used to bolsters the
wooden groyne field. Timber groynes exist
between Sheringham and West Runton. The
groynes will likely need relocating landward
Figure 3: oblique aerial photo of Beeston Bump showing transition
to accommodate erosion in medium term
from concrete seawall to wooden revetment. Taken by John
Fielding © on 10th June 2017. Source: Flikr
epoch. East of Beeston Bump, a shoreparallel wooden revetment runs along the
upper beach (MHWS) to the access ramp at West Runton. Two short stretches of masonry wall, expected to
be outflanked in medium term epoch, near the beach access points at West and East Runton.
Table 1: Summary of historical and predicted shoreline response, between Sheringham and Cromer, as reported in Kelling Hard to
Lowestoft Ness Shoreline Management Plan 6 Appendix C: Baseline Process Understanding. Historic records from Futurecoast
(2002) data. Future predictions are made under the With Present Management (WPM) scenario.
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2. Data & Methodologies
The ACMP coordinate and conduct systematic surveys on behalf of our partners, the Risk
Management Authorities, who have shared responsibilities under the Coastal Protection Act 1949,
to manage the Anglian coast. This section describes the historical monitoring data available for the
Sheringham to Beeston frontage. All ACMP data is available to download under the Open
Government Licence, from https://coastalmonitoring.org/cco/ or by request from
ACM@environmentagency.gov.uk.

Walked Topographic Surveys:
ACMP have surveyed the strategic and scheme transects in the study area biannually
since 1991 and 2011 respectively. The location and reference of the eight transects selected for
analysis herein are shown on Figure 4 and Table 1, provides additional information about survey
history. The positional accuracy of topographic datum is +/-0.05m vertical and +/-0.02m horizontal.

Figure 4: Geographical extent of this report from west Sheringham to Beeston Regis is shown
alongside the location, and reference of the eight ACM beach transects analysed herein.
Table 3: Familiarisation with the eight topographic transects selected from West to East.

1

ACMP
Reference
(Local Name)
KC118

2

KC124

Transect
No.

3

4

KC129

KC133

5

N051

6

KC141

7

KC144

8

N052

Location description
Western end of Sheringham town frontage.
From promenade between boating lake and
public toilets.
West Sheringham, in front of ‘Trendies’ café
and access ramp on to beach from
promenade.
Central to town frontage, in front of
Sheringham Museum at seaward end of
Beach road.
Eastern Sheringham town frontage next to
slipway from promenade on to east beach.
Strategic transect: Beeston Hills putting
green. East of Sheringham town frontage.
Scheme transect: Norfolk coast path between
wooden groyne bays.
Scheme transect: Infront of Beeston Bump
Strategic transect: Beeston Cliffs, just west of
Beeston Regis Holiday Park

Survey History
Scheme transect: Biannual (summer
& winter) survey since 2011
(baseline).
Scheme transect: Biannual (summer
& winter) survey since 2011
(baseline).
Scheme transect: Biannual (summer
& winter) survey since 2011
(baseline).
Scheme transect: Biannual (summer
& winter) survey since 2011
(baseline).
Biannual (summer & winter) survey
since 1991 (baseline)
Biannual (summer & winter) survey
since 2011 (baseline).
Biannual (summer & winter) survey
since 2011 (baseline).
Biannual (summer & winter) survey
since 1991 (baseline).

Trend (m/yr)
2011-2021
0.0

0.0

+0.1

-0.2
-0.8
-0.4
2.1
-0.3
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Aug 20th 2013

Aug 27th 2014

March 24th 2017

8th Sept 2015

September 16th 2019
2018

August 24th 2018
Sept 2nd 2021
Sept 21st 2020

Figure 5: Oblique photos ‘From Sea’, ‘From Land’ and ‘From Sea Defence’ are taken annually at each ACM
profile. A selection of these survey photos are presented for Transect KC144, which shows the changes to the
beach level against the seawall in front of Beeston Bump. The catalogue of survey photos is held by ACM and
available on request.
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Analysis by Level:
Historical survey data collated in
SANDS (software), is used for the
‘analysis by level’ approach,
conveyed in Figure 6. Only the
summer survey data has been used
to derive the mean rates of
shoreline change (meters per year
m/yr), whereas the ‘Positional
Trends’ graphs plot all the
biannually collected chainage
values, for each reference level,
over the lifetime of monitoring to

elucidate any seasonality to the
beach behaviour.. These
‘Positional Trends’ graphs can
be read in conjunction to the
hydrodynamic data from the
wave buoys since 2011, to infer
any synchronicity between the
changing beaches and recorded
storms (see table 6). The

Figure 6: Schematic diagram of analysis by level method used to
elucidate lateral changes to beach width.

chainage values at four key tidal
contours; Highest astronomical tide (HAT), Mean High Water Springs (MHWS), Mean Sea Level
(MSL) and Mean Low Water Springs (MLWS) are plotted against the year of survey.

Analysis by Chainage:
Where there is particular interest in the height of the beach relative to the seawall
analysis by chainage will be conducted. Chainage being the horizontal distance along
transect, from a fixed position inland (at 0m), to as far seaward as the tidal conditions
permit surveying. Dropping beach levels are particularly apparent against hard coastal
defence features. The two transects analysed by chainage herein are N051 (in front of

Figure 7: Schematic diagram of analysis by chainage method.
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Beeston Hills Putting Green) and KC144 (in front of Beeston Bump) due to risk of seawall
undermining. Eleven equidistant locations along a transect can be selected, from which to
analyse the change of beach surface over time. Descriptive statistics (total, min, max and
mean change) as shown in the table within Figure 7 are calculated in SANDS software
using the annual summer survey values of beach height (m ODN), at the selected
chainage intervals.

Aerial LiDAR:
Aerial surveys from the EA’s manned aircraft are flown during Low Water tidal windows
over the winter season (November to February). Ground control using a RTK ground survey and
quality checks of the data are carried out in-house by the Geomatics team. LiDAR data are
delivered as unfiltered DSM (Digital Surface Model) ASCII files of 1 km x 1 km tiles, which have
been mosaiced herein. XYZ cloud point (.las) datasets are also available, as is the filtered (Digital
Terrain Model or DTM) version. The LIDAR datasets have 1m resolution with a positional accuracy
of +/- 0.4m and elevational accuracy of +/- 0.15m. LiDAR data for this area of interest is available
for the following seasons, as shown on the ACM survey plan web map:
Table 4: Availability of ACM collected LiDAR data for the Kelling to Cromer coastline.

Season of capture
2012/13
2013/14
2014/15
2016/17
2017/18
2018/19
2019/20
2021/22

Date of survey
12/11/2012
05/10/2013
28/10/2014
28/04/2017
06/11/2017
03/11/2018
16/12/2019
24/10/2021

Reference
First capture -Phase 8 Baseline

Phase 9 Baseline

Most recent survey- Phase 10 Baseline

Colourised LiDAR elevation difference images are presented in figures 15 to 19, using the longest
interim between ‘baseline’ (2012/13) and most recent survey (2021/22). The images show
accretion as blue and erosion as red. The bolder the colour representing the greater differences
between surveys.
To calculate the difference in elevation, each pixel value from InRas2 (the earlier Lidar image) is
subtracted from the corresponding pixel value from InRas1 (the latest) to produce a continuous
surface of change values (OutRas) as described by Figure 8.

Figure 8: The raster subtraction process used to calculate LiDAR derived elevation difference.
Source: ESRI ArcPro documentation
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Aerial Photography:
The Environment Agency has captured the whole Anglian coastline on an almost
continuous annual (summer) basis since 2011, at 0.2m resolution. Orthorectified ECW
files are available under the open government licence via
https://coastalmonitoring.org/cco/ for the following seasons:
•
•
•

2011/12
2012/13
2013/14

•
•
•
•

2014/15
2015/16
2016/17
2018/19

•
•
•

2019/20
2020/21
2021/22

The summer 2021/22 imagery is presented as a layer beneath the LiDAR elevation
difference images herein.

Digitised cliff edges from aerial photography:
The earliest orthorectified aerial imagery in the ACM archive, for the Sheringham to
Cromer area, dates back to 1992. The resolution of 0.4m still allowed accurate manual
digitization of the cliff edge in to a polyline shapefile. The earliest coloured tiles in the ACM
archive with 0.2m resolution, taken in 2001, and the most recently processed aerial
imagery captured in 2021, were also mosaiced and the cliff edges digitized. Figure 9
below shows the extent of the digitized cliff from Transect N0519 (Beeston Hills Putting
Green) to KC152 (Beeston Regis Holiday Park) and the three polylines overlaid on the
1992 imagery.

Figure 9: Using the Near Tool in ArcPro to calculate mean rates of cliff recession over the Beeston Bump Unit.
Screen shot of the digitised cliff edges from 1992, 2001 & 2021, overlaid on the 1992 aerial imagery. The histogram
shows the frequency of distance measurements between the 1992 and 2021 cliff lines, as calculated by ArcPro
using the ‘Near’ function and requesting summary statistics.
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The Near tool calculates distances from 682 points along Line
1, to Line 2 (see Figure 10). Descriptive statistics derived from
these measurements include the mean, median, max, min and
standard deviation, as shown in Figure 9.

Figure 10: Using the ‘Near’ tool in ArcPro to calculate the shortest
distance from points to line features.

Bathymetry:
A full-coverage hydrographic survey was completed on 25th October 2017 (Project ID:
PM_1772, Polygon ID: P_11202) yielding 0.5m resolution multibeam bathymetry data.
With only one survey, it is not possible to show any changes in the nearshore bathymetry
over time, however this analysis could be requested after the next hydrographic survey is
completed (planned for Phase 10 (2021-2027) and can be prioritised upon request to
ACM@environment-agency.gov.uk).
Figures 11 & 12 below show the 2017 bathymetry data for the western extent, in
front of Sherigham town, and eastern extent, in front of Beeston Bump, respectively.
Depths are in meters and surveying starts at Mean Low Water Springs (MLWS) and
deepens to the depth of closure. The images below show a gradual shelving and hence
deepening of the sub-tidal zone. An undulating shore parallel ridge is visible with
intermittent patches of deeper water at the western and eastern limits of the study area.
The depth increases more rapidly in front of Beeston Cliffs and this could have localised
impact on amplitude and hence power of incident waves breaking in the vicinity of Beeston
Bump.
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Figure 11: Colour classified bathymetry data for the western extent of the study area, from EA hydrographic survey in 2017.

Figure 12: Colour classified bathymetry data for the eastern extent of the study area, from EA hydrographic survey in 2017.
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Hydrodynamic Data:
ACMP manage six wavebuoys off the Anglian coast. Closest to this study area is the
Blakeney Overfalls Buoy, deployed since 2006. It is located at 53°03'.44N, 001°06'.22E,
with the Shore station at Wells. Realtime and recent historical data can be viewed and
exported via https://coastalmonitoring.org/realtimedata/. Prior to this (2009 to 2018) data is
available to download from the WaveNet website under an Open Government Licence:
https://wavenet.cefas.co.uk
Table 5: Blakeney Overfalls Wavebuoy Info

Approximate water depth
Approximate tidal range
Storm alert threshold

23 m CD
4.1 m
3.32 m

Annual Wavebuoy Reports are produced by the Channel Coastal Observatory for each
wavebuoy in the national network, and published on the National Network of Regional
Coastal Monitoring Programmes (NNRCMP) website, under the reports tab:
https://coastalmonitoring.org/reports/
Parameters reported include significant wave height (Hs), mean period (Tz), peak period
(Tp) and main direction (dir) and additionally, energy period (Te) wave power (P)
exceedance thresholds, and the percentage occurrence of bimodal sea states.

Figure 13: All years (2006-2021) of significant wave height (Hs) data shown monthly. The boxes show
the mean Hs, with 1 standard deviation, and the whiskers show the maximum and minimum Hs.
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An overview of storm events from 2011-2021 is presented in Table 6, using the Peak-overthreshold method.
Table 6: Storm event data collated from the Blakeney Overfalls annual wave reports 2011 to 2021. Tidal information is
estimated from the predicted tide levels (Admiralty Total Tide). Hydrodynamic data is processed by Channel Coastal
Observatory and reports are available at: https://coastalmonitoring.org/reports/#anglia.

Date/Time

Hs (m)

Tp (s)

Tz (s)

Water level
elevation*
(OD)

Dir. (o)

Tidal
stage
(hours
re. HW)
HW -2
HW +1
HW -1
HW +5
HW
HW -1
HW +4
HW +2
HW -4
HW -2
HW +2
HW -2
HW -1
HW
HW -1
HW +1
HW -2
HW -3
HW
HW -1
HW -1
HW
HW +1
HW -5
HW -1
HW +2

07/12/2011 14:30
05/01/2012 16:00
05/03/2012 03:30
04/04/2012 08:00
29/04/2012 00:00
27/10/2012 05:00
20/01/2013 17:00
23/03/2013 06:00
10/09/2013 19:00
10/10/2013 21:00
13/10/2013 17:00
30/11/2013 02:00
05/12/2013 17:30
13/10/2014 10:00
21/10/2014 17:00
01/02/2015 06:00
31/03/2015 15:00
21/11/2015 11:30
14/01/2016 21:00
06/11/2016 21:30
13/01/2017 18:00
12/02/2017 07:00
23/02/2017 17:30
27/10/2018 04:00
30/10/2018 09:30
20/11/2018 06:30

3.12
3.53
3.75
3.55
4.05
3.47
3.5
3.96
3.74
4.45
3.3
3.68
3.75
3.54
3.36
3.43
3.31
4.13
4.61
4.4
4.28
3.89
3.54
3.62
3.42
3.89

5.9
8.3
8.3
8.3
8.3
7.7
8.3
9.1
8.3
10
8.3
8.3
7.7
8.3
6.7
10
5.9
8.3
8.3
11.1
12.5
9.1
6.3
7.7
10
9.5

5.3
5.7
5.8
6.3
6.7
6
6
6.9
6
6.5
6.2
6.1
5.6
6.5
5.1
5.8
5.3
6.3
6.4
6.9
6.5
6.9
5.3
5.9
6.3
6.5

297
353
347
63
62
6
76
76
352
11
55
345
342
75
340
8
291
1
353
34
6
45
305
347
52
65

1.19
2.06
1.25
0.18
1.15
1.65
-0.05
0.27
-0.75
1.05
0.75
1.25
0.65
2.05
1.55
1.45
0.65
0.15
2.35
1.55
2.15
2.15
1.45
-1.65
1.85
0.85

08/01/2019 20:00

3.62

11.1

6.2

7

2.15

17/01/2019 13:00

3.55

10

6

352

0.55

HW
HW -2

27/01/2019 21:00

4.42

12.5

6.6

10

0.85

HW -2

04/05/2019 16:00

3.46

7.1

6

345

-0.45

11/06/2019 13:00

3.32

7.7

6.1

34

09/12/2019 13:30

3.76

10

6.3

350

29/03/2020 06:30
25/09/2020 19:30
01/12/2020 05:30
07/02/2021 15:30
05/04/2021 08:30
27/11/2021 13:00
02/12/2021 02:30

3.96
4.74
3.42
4.74
3.89
3.96
3.82

9.1
11.1
8.7
11.1
10

6.4
6.6
5.7
7.5
6.4
6.4
6.1

44
17
10
65
359

10

13

Tidal
range
(m)
3.05
1.92
2.5
2.87
2.3
3.2
1.67
1.92
3.7
3.4
2.2
2.7
4.5
3.7
3.3
2.7
2.4
2.9
4.3
2.6
4.6
4.5
2.8
4.3
3.5
3.2

Tidal
surge*
(m)

Max.
surge*
(m)

0.37
0.68
-

0.38
1.33
-

0.12
-

0.21
-

0.03
-0.41

0.19
-0.4

-

-

-

-

HW -3
1.55 HW -1
-0.25 HW -3

3.8 2.5 3.2 3.8 2.6 3.1 -

-

0.25
-0.65
1.65
1.25
-0.35
1.05
1.55

3.4
2
3.6
2.4
2.1
1.7
3.2

-

HW -2
HW +6
HW -1
HW +1
HW -4
HW +1
HW-2

-

-

-
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Meteorological Data:
The closest ACMP Meteorological station to the study site is located at Happisburgh
RNLI station. Meteorological reports for years 2019 & 2020 can be accessed via
www.coastalmonitoring.org/reports/#anglia and these contain descriptive stats for a number
of weather parameters (wind speed, direction, humidity, air pressure, rainfall, temperature
etc) and records (warmest, windiest, wettest month etc) since 2014. A sample is shown in
Table 7 below.
Table 7: Monthly statistics for 2014-2020 from Happisburgh meteorological station.

3. Results
The results from the topographic surveys are presented in two units. The Sheringham
Unit covers the four transects over town frontage, and Beeston unit covers the four transects
to the east, from the putting green, following the coast path up, over the Bump to Beeston
Regis Holiday park as shown in Figure 14.

Figure 14: Plan view of the study area showing the transects associated with the two analysis units;
Sheringham, and Beeston Bump.
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3.1 Sheringham Unit Results Summary:
The Lidar elevation difference images show erosion of -1 to -2m between groyne bays on the
upper beach in the west Sheringham area, particularly in the groyne bay seaward of the public toilets
(Figure 14). There are some blue pixels on the beach, constrained to the toe of the sea wall,
indicative of minor accumulation (1-2m), over the nine-year epoch. In central Sheringham, Figure 15
shows patchy erosion of the upper beach, and a prominent but narrow strip of intertidal erosion
(approx. -1m) in the pocket beach east of the museum and slipway. Any change landward of the
seawall (i.e on the golf course) is due to object movement, vegetation or man-made changes to
topography and can be considered irrelevant. In the east Sheringham image (Figure 16), there is no
significant change in elevation of the intertidal foreshore over the monitoring period.
Transect Summary (west to east)
KC118: The beach in front of the western esplanade shows narrowing over the lifetime of monitoring,
with negative total changes and erosional trends shown across all contours. The beach at MHWS
shows a net retreat of ~5m, whereas the beach at MSL has only retreated landward by -0.2m since
first survey in 2011. However, over the short-term, the MSL contour has retreated twice as fast as
the other contours, with a mean rate of -1.9m/yr since 2017. This recent acceleration is obvious in
the bar graph in Figure 15 (when KC118 MT and KC118 ST are compared).
The profiles in Figure 22 portray morphological change is greatest over the 20m in front of the
seawall (i.e. from 25-45m chainage). This area of supratidal beach (above HAT) reached it’s lowest
measured level in 2014, shown by the green line (between 25-30m chainage). The profiles show the
current (2021 survey/blue line) beach level between HAT and MSL, is the lowest it’s ever been.
There is a dearth of measurements for the lower intertidal beach; fewer surveys extend as far as the
MLWS contour, presumably constrained by tide. The Positional Trends graph (Figure 23) does
depict a net increase (+20m) in the chainage values of MLWS over time. It is plausible that the net
loss of upper beach material has been drawn down to the lower intertidal and nearshore zones.
Proceeding surveys will reveal whether sediment has remained in the system and is available for
beach recovery.
KC124: The topographic profiles for transect KC124 show most inter-survey morphological change
occurred in front of the seawall, with the highest measured beach level in 2018 and lowest in 2020.
The tabulated data in Figure 24 shows a net increase in the beach width at HAT (of +0.7m) but a net
decrease at MSL (-0.2m) over the last decade of monitoring. Mean rates of change are negligible
for all contours during the medium and short term, except for a recent acceleration (0.7m/yr) in the
retreat of MSL contour since 2017. The flatness of the positional trends graph (Figure 24) confirms
the stability of the intertidal foreshore. Transect KC124, in front of ‘The Driftway’, represents a
transition from an eroding shoreline at transect KC118 (west), to an accreting shoreline at Transect
KC129 (east).
KC129: This transect represents the small pocket of beach between Sheringham museum and the
western edge of the slipway. Figure 26 shows the lowest beach levels at KC129 occurred in 2019,
and the highest beach level occurred in 2020, contrary to it’s neighbouring transect (KC124).
Currently (2021 survey) beach levels remain relatively healthy over the intertidal foreshore. All the
total and mean rates of change values are positive, over both medium and short-term epochs, as
shown in the table within Figure 26. The maximum annual changes exceed all the minimum changes,
which is also telling of a more accretional tendency of the foreshore at this location. The bar chart in
Figure 15 shows the fastest rates of short-term (since 2017) accretion has occurred here. This
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accretion is not evident in the Lidar elevation difference image (Figure 18). However, in the adjacent
pocket beach east of the slipway, Lidar differencing elucidates a significantly lowered foreshore. This
finding highlights the spatial variability in beach behaviour and the advantages of using Lidar to
create a continuous surface, and view changes between transects.
KC133: Transect KC133 represents the foreshore seaward of the eastern promenade, adjacent to
another slipway and backed by a seawall bolstered with rock armour (see survey photo in Figure
29). The flatness of the Positional Trends graph conveys the general stability of the beach over time.
The Lidar difference image (Figure 19) also shows no significant elevation changes have occurred
since 2011. However, the tabulated data in Figure 28 offers more granular detail and elucidates a
negative trend of shoreline movement over the decade of monitoring. Mean rates of MSL erosion
have increased from -0.2m/yr (since 2011) to -0.6m/yr since 2017, as shown in Figure 15. This recent
acceleration of erosion at MSL is consistent with the data from Transects KC118 & KC124.

Figure 15: Summary of average rates of lateral contour (HAT, MHWS & MSL) movement over the four transects (KC118,
KC124, KC129 & KC133) within the Sheringham analysis unit, calculated for medium-term (2011-2012) and short-term
(2017-2021) monitoring epochs.

3.2 Beeston Unit Results Summary:
The Lidar Elevation Difference images for the Beeston unit (Figures 18 & 19) depict the mass
wasting of the cliffs, with greatest elevation loss on the eastern flank of Beeston Bump.
Gravity driven transportation of material from cliff top to toe is evident around and between Transects
KC141 and KC144. Figure 17 shows slumped material (blue pixels), at the time of 2021 survey,
remains on the supra-tidal beach, behind the concrete seawall that extends from Sheringham to
Beeston Bump, and transitions into the wooden revetment eastwards of Transect KC144 (see Figure
3). The quantity of talus at the cliff toe does not balance the overall quantity lost, indicating that
marine processes have transported and redistributed much of the cliff debris. The image also shows
a 1m loss upper-intertidal beach (i.e. between HAT and MHWS) on the seaward side of the sea
defence.
Along the Beeston Regis Holiday Park frontage (Figure 18) the whole intertidal foreshore has
remained relatively stable over this monitoring period. The Lidar difference images shows cliff top
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losses have occurred along the whole stretch, exceeding >15m elevation in in patches. The talus
has not remained at the cliff toe or elevated the level of the supratidal beach here.
Transect Summary (west to east):
N051: N051 is a ‘strategic’ transect with a 30-year survey history offering longer-term (1991-2021)
trends. The upper beach (HAT & MHWS) shows a small net gain, whilst the lower beach (MSL &
MLWS) shows a net loss of sediment over the lifetime of monitoring. The topographic profiles in
Figure 30 portray the accumulation of littoral material against the sea defence over time.
Consequently, the positional trends graph (figure 31) remains very flat for the HAT and MHWS
contours. The contour of greatest changeability is MSL. Figure 31 shows the jagged plot of chainage
values at MSL over time. In 2021 the position of MSL is -10m landward of it’s 1991 position. At MSL,
the recent rate of retreat (since 2017) shows no advance on the 1991 or 2011 rates, contrary to the
Sheringham unit’s transects. Lidar differencing (Figure 19) agrees that no significant elevation
changes over the foreshore are evident in the vicinity of N051.
Due to concerns about episodic lowering of the beach in front of the seawall, analysis by chainage
was also undertaken for transect N051,at 5m and 1m intervals from the seaward face of the wall
(see figure 32). In both instances, the mean rates of change over the long-term (1991-2021) are
negligible (0m/yr). The analysis suggests that a build up of sediment has occurred next to the
seawall, as total changes in beach level are positive over the 10m seaward of the wall (ie from 5060m chainage). Seaward of this, the trend reverts to a negative one, peaking at 65m chainage, which
shows a net loss of 0.9m in height. Between 65 and 100m chainage the total losses diminish to a
negligible 0.1m over the 3 decades of monitoring. Standard deviation values are low, which confirms
the relatively low variance in beach surface level over time. It is important to consider that the
topographic measurements used herein are a snapshot of conditions at the time of survey, and do
not represent the true range of high and low beach levels experienced or observed.
KC141: The positional trends graph in Figure 34 shows the intertidal beach in front of Beeston Cliffs
has been stable over time. The topographic profiles show recession of the cliff top and rotation of
the cliff face to a slightly lower gradient. The tabulated data in Figure 33 describes a net loss and
lowering of the beach above MSL, since 2011. This mean rate has marginally accelerated in the
short-term (since 2017). The high standard deviation score (7) indicates the most morphological
change has occurred at MSL. The lowest levels observed, seaward of the defence, were in 2015.
Conversely, the trend of shoreline movement below MSL is positive, and the rate of accretion has
doubled from +1.6 to +3.0m/yr at MLWS contour.
KC144: Transect KC144 lies a few meters east of the summit of Beeston Bump. The topographic
profiles evidence the 5m recession of the cliff edge position, and rotation of the cliff face over the
last decade of monitoring.
Mean rates of change cannot be calculated for HAT and MHWS as the levels intersect with the
concrete seawall (shown on Figure 36) hence the positional trends graph shows no variance in
chainage over time at these levels. Akin to transect KC141, the lowest surveyed beach in front of
the seawall, occurred in 2015, exposing the majority of it’s seaward face. The 2021 survey data
shows the back beach has made a small (0.4m) vertical gain , but is currently 0.8m short of the
original 2011 level. The MSL contour shows a net shoreline progradation of 20m since 2011, and
mean rate of +2.1m/yr. However, when the last four surveys are averaged, the rate of change
equates to -0.2m/yr at MSL. The bar chart in Figure 16 shows this reversal of trend at MSL (compare
KC144 MT to KC144 ST). Akin to Transect KC141, the standard deviation value of 7 indicates the
volume of beach around MSL is characteristically variable. This is also shown by the pattern of
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chainage values in Figure 37, albeit a flattening since 2018. The largest increment in chainage, from
one survey to the next, was 23m at MSL. This suggests an inundation of sediment into the beach
budget, likely attributable to a landslide event on the cliff face.
Concerns regarding episodic beach lowering around the concrete seawall in front of Beeston Bump,
call for analysis by chainage to be undertake at this location. The variation in level is assessed at
10m intervals from the cliff top (Figure 37) and at 2m intervals from the seawall (Figure 38) over the
history of monitoring (i.e. since 2011). The tabulated data in Figure 37 shows the greatest loss to
have occurred at 20m chainage, the former cliff edge in 2011.The majority of this loss occurred
during a mass movement, as shown by the equivalent value (3.4m) of annual maximum change at
the same spot. This means the mean rate of lowering, which equates to -0.2m/yr, does not reflect
the true nature of change. At 80m chainage, on the cliff toe, the elevation has risen by nearly 5m
since 2011, due to the accumulation of slumped cliff material. At 90m chainage, on the landward
side of the seawall the levels have raised 1m in total, and on the seaward face of the wall, at 100m,
the levels have dropped -0.2m in total over the decade of monitoring, yielding a negligible rates of
elevation change.
In Figure 38, the 2m interval analysis by chainage deduces that the 6m of beach width in front of the
seawall (i.e from 100-106m chainage) have lowered at a slow mean rate of -0.1m/yr. Extrapolating
this rate suggests ~1m more exposure of the seawall in 2031, than is present in 2021, bringing MSL
close to the wall toe level. The greatest loss of elevation between surveys was -0.7m at 104m
chainage but the largest elevation gain between surveys (+0.9m) was observed at the same location.
Seaward of 108m, the ‘total elevation change’ values are all positive, and the mean rates diminish
to 0m/yr. In summary, beach levels have fallen progressively against the seaward facing wall, and
high sea-levels have the capacity to draw-down beach levels by ~1m, potentially in a single event.
This could lead to undermining of the seawall if the event occurs coincidentally with an already
diminished beach. The beach landward of the seawall is occasionally bolstered by the addition of
slumped cliff material. The seawall itself is somewhat of a barrier to this material making it’s way
directly on to the foreshore for redistribution, however, the defence does protect the cliff toe from
marine processes, which would trigger more instability over the cliff face. The wooden revetment
defence that extends eastwards from this location is designed to permit the cross-shore transport of
sediment through it. This reduces the likelihood of a sudden drop in beach level on the seaward side
of the defence, and allows for more natural redistribution of material from cliff to foreshore.
N052: This strategic transect, like N051, has a 30-year survey history. The topographic profiles
shown in Figure 39 convey active erosion of the cliffs here, towards Beeston Regis Holiday Park.
The recession of the cliff top has already been illuminated by Lidar differencing and through
digitisation of the cliff edges in Figures 41, 42 &43. The rotation of the cliff face shown in Figure 39
is caused by the slumping of material. A large slide occurred between September 2020 and 2021,
creating a wide debris fan at the base, pushing the safe survey position of the cliff toe 23m seawardtoward the wooden revetment.
The positional trends graph in Figure 40 shows relative stability over the intertidal beach, with the
tabulated data in Figure 39 confirming that mean rates of change, over all the contours and
monitoring epochs do not exceed -0.6m/yr. During the most recent epoch (since 2017) the rate of
change at HAT as increased to +3.5m/yr. This is the largest rate of change observed over any
transect in any monitoring epoch and is undoubtedly attributable to redistribution of material after a
landslide event.
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Figure 16: Summary of average rates of lateral contour (HAT, MHWS & MSL) movement over the four transects (N051,
KC141, KC144 & N052) within the Beeston analysis unit, calculated for Long-term (1991-2021), medium-term (2011-2012)
and short-term (2017-2021) monitoring epochs.

Rates of Cliff retreat over Beeston Cliffs:
The 0.8km length of digitised cliff edges (in Figures 41- 43) over show the greatest
recession has occurred between transects KC144 and N052 on the eastern flank of
Beeston Bump, and continues across the Holiday Park frontage. This pattern agrees with
the intensity of loss shown on the lidar elevation difference images (Figures 20 & 21).
Digitised cliff edges from the 1992 and 2001 aerials are shown on Figure 41. The mean
distance between lines is 1.8m, which equates to a recession rate of -0.2m/yr over the
initial 9 year interim. Figure 42 shows the average distance between 2001 and 2021 lines
is 3.4m. When divided by the number of interim years the rate of cliff recession over the
last 2 decades also equates to -0.2m/yr.
Figure 43 shows the earliest (1992) and latest (2021) digitised cliff lines showing
recession over the whole 29-year interim. The 4.7m mean distance of retreat confirms
the -0.2m/yr rate of retreat over the 3 decades of monitoring. In reality the recession of
the cliff has been temporally and spatially variable, occurring episodically, rather than
with annual consistence. Nevertheless this rate of historic cliff recession is a useful metric
for extrapolation of a future cliff edge, based on the current position. The 0.2m/yr rate of
cliff recession is equivalent to the recent (since 2017) rate of shoreline (MSL) retreat at
Transect KC144. However, when all the topographic data since 2011 is used, the mean
rate of change equates to +2.1m/yr. This finding suggests that shoreline erosion has
recently accelerated. However, the upper beach (i.e. the MHWS and HAT contours) at
KC144 show no change in position (0m/yr) over both medium and short term epochs. It
is likely that the upper beach is nourished by redistribution of slumped cliff material.
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LiDAR Elevation Difference

Figure 17: Lidar elevation difference, in meters, between baseline survey (2012) and most recent survey (2021) for the area west of Sheringham.

Figure 18: Lidar elevation difference, in meters, between baseline survey (2012) and most recent survey (2021) for the Central Sheringham frontage.
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Figure 19: Lidar elevation difference, in meters, between baseline survey (2012) and most recent survey (2021) for the east Sheringham frontage.
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Figure 20: Lidar elevation difference, in meters, between baseline survey (2012) and most recent survey (2021) for the Beeston Cliffs frontage.
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Figure 21: Lidar elevation difference, in meters, between baseline survey (2012) and most recent survey (2021) for the Beeston Regis frontage.
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Topographic Profiles: KC118
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Positional Trends: KC118
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Figure 23: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water
Springs (2.4m) & Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect
29
KC118. Bottom right photo from most recent topographic survey.
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Topographic Profiles: KC124

Figure 24: Topographic profiles showing summer survey data for years 2011-2021 at Transect KC124, with descriptive statistics from Analysis by Level using
SANDS.
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Positional Trends: KC124
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Figure 25: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water Springs
(2.4m) & Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect KC124.
Bottom right photo from most recent topographic survey.
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Topographic Profiles: KC129

Figure 26: Topographic profiles showing summer survey data for years 2011-2021 at Transect KC129, with descriptive statistics from Analysis by Level using
32 of
SANDS.

52

Positional Trends: KC129
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Figure 27: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water
Springs (2.4m) & Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect
KC129. Bottom right photo from most recent topographic survey
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Topographic Profiles: KC133

Figure 28: Topographic profiles showing summer survey data for years 2011-2021 at Transect KC129, with descriptive statistics from Analysis by Level using
SANDS.
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Positional Trends: KC133
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Figure 29: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water
Springs (2.4m) & Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect
KC133. Bottom right photo from most recent topographic survey
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Topographic Profiles: N051

Figure 30: Topographic profiles showing summer survey data for years 2011-2021 at Transect N051, with descriptive statistics from Analysis by Level using SANDS.

36 of 52

Positional Trends: N051
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Figure 31: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water Springs
(2.4m) & Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect N051.
Bottom right photo from most recent topographic survey.
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Analysis by Chainage: N051

Figure 32: Topographic profiles from all years of summer survey (1991-2021), with arrows showing cross-shore locations selected for analysis by chainage. Tabulated data with
descriptive statistics from Analysis by Chainage using SANDS. Eleven were analysed with 5m spacing (top table) and 1m spacing (bottom table) both starting from 50m
chainage i.e. the seaward face of the concrete seawall.
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Topographic Profiles: KC141

Figure 33: Topographic profiles showing summer survey data for years 2011-2021 at Transect KC141, with descriptive statistics from Analysis by Level using
SANDS.
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Positional Trends: KC141
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Figure 34: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water Springs
(2.4m) & Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect KC141.
Bottom right photo from most recent topographic survey
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Topographic Profiles: KC144

Figure 35: Topographic profiles showing summer survey data for years 2011-2021 at Transect KC144, with descriptive statistics from Analysis by Level using SANDS.

41 of 52

Positional Trends: KC144
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Figure 36: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water Springs (2.4m) &
Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect KC144. Bottom right photo
42 of
from most recent topographic survey.
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Analysis by Chainage: KC144

Figure 37: Topographic profiles from alternate years of summer survey (2011-2021), with arrows showing cross-shore locations selected for analysis by chainage.
Tabulated data with descriptive statistics from Analysis by Chainage using SANDS. Eleven locations along the cliff face were analysed with 10m spacing starting from
10m chainage i.e. the cliff top
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Analysis by Chainage: KC144 continued

Figure 38: Topographic profiles from all years of summer survey (2011-2021), with arrows showing cross-shore locations selected for analysis by chainage.
Tabulated data with descriptive statistics from Analysis by Chainage using SANDS. Eleven locations on the upper shoreface were analysed, with 2m spacing starting
from 100m chainage i.e., the seaward face of the concrete wall.
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Topographic Profiles: N052

Figure 39: Topographic profiles showing summer survey data for years 2011-2021 at Transect N052, with descriptive statistics from Analysis by Level using SANDS.
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Positional Trends: N052

Figure 40: Graph shows chainage values that intersect tidal contours Mean Low Water Springs (-2m), Mean Sea Level (0m), Mean High Water Springs
(2.4m) & Highest Astronomical Tide (3.1m), plotted from all surveys (summer & winter) for 2011-2021. Insert map shows location of Transect N052.
Bottom right photo from most recent topographic survey.
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Rates of cliff retreat:

Figure 41: Digitised cliff edges from 1992 (blue line) and 2001 (green line) overlaid on 1992 aerial photography. The histogram describes the
frequency distribution of the 454 measurements taken between the two polylines.
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Figure 42: Digitised cliff edges from 2001 (green line) and 2021 (red line) overlaid on 2001 aerial photography. The histogram describes the frequency distribution
of the 682 measurements taken between the two polylines.
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Mean: 4.7m
Median: 3.5m
StdDev: 4.3

Figure 43: Digitised cliff edges from 1992 (blue line) and 2021 (red line) overlaid on 2021 aerial photography. The histogram describes the frequency distribution of
the 682 measurements taken between the two polylines.
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4. Summary
Beaches in the centre of the Sheringham unit show relative stability over the history of
monitoring. Only the western most beach, around transect (KC118) shows a propensity for
erosion. Beach levels have fluctuated most obviously above HAT, and against the seawall,
reworked by waves during high-sea level events. Since 2017 the mean rates of beach
erosion have accelerated, most notably at MSL, over all transects bar KC133. When Table
6 is consulted (showing all wave events that have exceeded the storm threshold between
2011 and 2021), 19 out of 39 storms have occurred in the last four years. This hydrodynamic
data suggests an increase in storminess over the recent (i.e. since 2017) monitoring epoch
that could offer an explanation as to the acceleration in shoreline (MSL) erosion. The
transect data reveals that the Sheringham frontage does not respond ubiquitously to forcing
events, as the highest and lowest beach levels at each transect occur over a range of years.
The beach within each groyne bay seemingly behaves differently, perhaps due to the
condition of defence features, the antecedent conditions, the sediment transport potential
and proximity to eroding cliff material.
The relative stability of intertidal beaches across the Beeston unit is demonstrated by the
largely unwavering positional trends graphs. In 2021, the chainage values of most tidal
reference levels (ie HAT, MHWS, MSL, MLWS) has not deviated by more than ±10m from
values at the commencement of monitoring. Only at KC144 (in front of Beeston Bump) has
the shoreline (MSL) grown by 20m, and only at Transect N052 (Beeston Regis) has MLWS
retreated by 30m.
An objective of this report was to focus on the beach in front of the seawall and around the
beach access ramp at Transect N051. Although the topographic profiles portray great
variation in upper beach levels, analysis by chainage reveals no perceptible trend of
lowering, over the lifetime of monitoring (since 1991). The greatest potential for beach
lowering occurs within the first 10m from the seaward face of the wall. Indeed, a severe drop
of 2.1m was measured between annual surveys, which evidences the potential for some
erratic changes to occur and should be factored in to future engineering design. The upper
contours at Transect N051 have remained stable, whilst at MSL and below, contours show
negative trends indicative of foreshore narrowing.
Transect KC141 (representing Beeston Cliffs) is characterised by trends of both cliff and
upper foreshore erosion, with mean rates showing marginal acceleration, up to -1m/yr, since
2017.
East of Transect KC144, beneath Beeston Bump, the defensive line transitions from
concrete wall to wooden revetment, also marking the transition from HtL to a policy of MR.
Concerns about beach lowering and undermining of the seawall here were addressed
through analysis by chainage. The technique showed that the 6m of beach in front of the
seawall has lowered at a mean rate of -0.1m/yr since 2011. Observed losses between

surveys show lowering of 0.7m near the wall is possible, but this doesn’t necessarily
represent the worst-case scenario.
Topographic profiles for Transect N052 depict a large mass movement event occurring
between the 2020 & 2021 surveys with a great volume of slumped material remaining at the
cliff toe. The intertidal beach at N052 could be described as stable.
The rates of cliff retreat, derived by the digitisation of cliff edges from aerial photography,
have resulted in a mean recession rate of 0.2m/yr since 1992. This value is averaged over
the 0.8km length of cliff top, and again does not represent the extreme annual changes.
The mean rates of change reported herein, are values that can conceal the true variance
and fluctuation of beach levels within the dataset. The positional trends graphs are therefore
presented for each transect, to offer a visualisation of beach behaviour over the lifetime of
monitoring. It must also be pointed out that the chainage values and levels captured on the
day of survey are a snapshot at the time of monitoring, and do not necessarily represent the
most extreme changes ever to have occurred. Still the ACM’s topographic datasets provide
a robust context for observing temporal and spatial patterns of beach behaviour.
This report finds the beach from Sheringham to Beeston to be highly spatially and temporally
variable. Many transects report erosional trends, but mean rates are fairly slow and there is
great variance in the datasets; indicating the potential for beach recovery as well as erosion.
The upper beaches are morphologically variable in response to hydrodynamic forcing
factors and input of sediment from cliff losses, but generally stable over time. Over the
Sheringham frontage the MSL contour has shown accelerated erosion in the short-term, but
this trend is not evident over the Beeston unit.
Beach levels against the concrete seawall are evidently variable. As part of ACM’s
topographic survey contract, there is an option for a post-storm ‘call off’, option which means
ACM can instruct the term contractors to do a topographic survey at short-notice. The lead
in time is a few days for walked surveys, and a week for drone surveys. This is a reminder
for partners to contact ACM if a high magnitude storm or surge is forecast with impacts worth
monitoring. Equally, if partners report particularly low beach levels from site visits, they can
request ACM (acm@environment-agency.gov.uk) to instruct the survey contractor to
capture the anomaly, as soon as is practicable to get on site. This post-storm data will enable
future analysts and contractors to see the true extent of beach level variability and will help
marry survey data to anecdotal evidence.

51 of 52

References:
Shoreline Management Plan 6 (SMP6) Kelling to Lowestoft Ness, 2010, Prepared by
AECOM (Adopted August 2012).
Kelling Hard to Lowestoft Ness Shoreline Management Plan 6 Appendix C: Baseline
Process Understanding.

