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1. Introduction
1.1

Purpose

This report describes the data and methodology used to undertake an assessment of cliff top
recession rates for a series of cliffs within the boundaries of the Anglian Coastal Monitoring (ACM)
project; working towards the development of a reliable and efficient standardised approach for
future monitoring and (annual) reporting. Further information on the ACM is available from:
http://www.coastalmonitoring.org/anglia/ or East Anglia Coastal Group: http://www.eacg.org.uk/.
It is hoped that this study will stimulate and facilitate further analyses of the interactions of the cliff
and beach systems, for example; beach composition, defence condition or impacts of storm
events, as well as providing an input for further modelling.
Furthermore, the observed recession rates will provide a comparison and means by which to
monitor the Shoreline Management Plan’s (SMP) prediction of shoreline change, in addition to the
National Coastal Erosion Risk Mapping (NCERM) project’s potential risk predictions. Such
comparisons will help to determine if through current management activity, climate change and the
conditions of beaches and defence structures, the observed recession rates are keeping pace with
predictions for the first epoch of the SMP under a ‘No Active Intervention (NAI)’ scenario.
To support this wider aim the project had the following objectives:
-

To identify and map the extents of cliff frontages within the ACM project boundaries

-

Use observed ACM data to develop a method for measuring cliff recession in the most
representative way both temporally and spatially, and apply it to a representative selection
of 8 cliff frontages

-

Quantify recession rates and visualise trends over time

-

Extract SMP and NCERM predictions of erosion for the 8 cliff frontages for comparison with
the observed rates

-

Present outputs including maps, tables and graphs detailing the observed rates, trends and
comparison with predicted values.

This report focuses on the systematic analysis of cliff recession within the Anglian coast which up
to now has received comparatively little attention. It identifies the spatial and temporal variation in
rates, whilst attempting to make the best use of the data available to create a robust, reliable
methodology which can be easily updated and built upon.
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2. Methodology
2.1

Study areas

The Anglian coastline stretches approximately 470 km from Grimsby near the mouth of the River
Humber to Southend-on-Sea on the northern edge of the outer Thames estuary. The coast is
monitored on a strategic basis consisting of 6 areas aligning with Shoreline Management Plan
(SMP) boundaries (Figure 2.10), and further divided into 51 monitoring cells designed to target
monitoring needs to specific dynamic or high risk areas at a local scale.
Prior to undertaking cliff recession analysis, the full extent of cliff frontages within the ACM area
needed to be identified. Using a combination of the ACM habitat mapping data (Environment
Agency, 2016), historic aerial photography and ground transect survey photographs, the extents of
the cliff frontages were determined and documented in both spatial and tabular formats. For each
cliff frontage, the intersecting topographic cross shore transects were identified and, where
possible, additional information was gathered, for example, the presence of, or condition of
defences.
The ACM’s Anglian coastal habitat mapping (2016) identified priority habitats to inform Biodiversity
Action Plans (BAP), SMPs and flood and coastal defence schemes. ‘Maritime cliffs and slopes’
were identified as areas of land over 15° slope angle which is contiguous with the tidal limit as
delineated using LIDAR and Vertical Offshore Reference Frame (VORF).
Following the identification of areas of coastline classified as maritime cliff and slope, a
combination of aerial photographs and topographic profile photographs were used to verify their
precise extent, and then compiled into a single database. This photographic verification of the cliffs
allowed the details about the cliffs, pertaining to the presence or absence of a sea defence and
level of vegetation on the cliff top or face.
From the identified cliffs within the ACM area (Figure 2.11), 8 frontages were selected for analysis.
The 8 frontages (Figure 2.12) were chosen for a combination of their geological composition,
history of erosion, proximity to infrastructure or assets, as well as designations of the sites. Initially,
two geologically contrasting cliff frontages - Hunstanton (SMP4) and Covehithe (SMP7) – were
used to design the methodology. The former a relatively stable SSSI cliff face, composed of a
mixture of red and white chalk and brown sandstone, is proximal to a World Heritage site –
Hunstanton Lighthouse. The later, composed of soft clay material, are highly vulnerable to erosion
and subsequently are receding at a significant rate, whilst providing an important source of
sediment to the regional budget (Brooks and Spencer, 2010). Subsequently applied to the
remaining 6 cliff frontages, and suitably modified or adjusted where necessary. Table 2.10 details
the extent of the cliffs with respect to the ACM topographic transect locations.
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Figure 2.10: Location of the second generation Shoreline Management Plan (SMP) boundaries, 2011.
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Figure 2.11: Locations of the cliffs identified along the Anglian coast shown by the bold red lines.
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Figure 2.12: Locations of the 8 cliff frontages analysed within this study. The colour of the box relates
to the SMP area (Figure 2.11).The number next to each frontage relates to Table 2.10 (below).
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Table 2.10: The cliff frontages selected for analysis in this study, running North to South along the
Anglian coast, highlighting the transects within each frontage. Locations in bold represent the initial
frontages used to design the methodology, and the cliff ID relates to Figure 2.12 and the order in which
the frontages were analysed and appear in the results (section 3).

Cliff Frontage

Hunstanton
(SMP4 – Wash)

Cliff ID

ACM Topographic Transects
SMP

Monitoring
cell

1

W063

NH019 - NH041

3

N062 – N066

4

N069 – N071

5

N077

Sidestrand to
Trimingham
(SMP6 – Norfolk)

Bacton
(SMP6 – Norfolk)

Happisburgh
(SMP6 – Norfolk)

Corton
(SMP6 – Norfolk)

Covehithe (SMP7
– Suffolk)

CM120 –
CM206
MH046 –
MH096
HW010 –
HW041

Length
(km)

Average
Height
(m)

1.3

10 - 20

4.7

70

3.0

5 - 20

1.6

6 - 10

1.0

10 - 15

2.35

10

2.1

10

1.0

15

GO092 –

6

N118

GO103,
GY30

2

S013 – S015

BB038 - BB043,
CV016
CV036, EB017

Easton Bavents
(SMP7 – Suffolk)

7

S016 – S018

– EB025,
SW006 –
SW019

The Naze (SMP8 –
Essex and South
Suffolk)

8

E011 – E010

WN059 –
WN054
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2.2

Data selection

As previously mentioned, a variety of data are collected annually by the ACM (Table 2.20); this
section briefly examines the data in light of its appropriateness for undertaking this cliff recession
analysis. More information on these techniques can be found in the ACM annual report
(Environment Agency, 2016), and further limitations are discussed in section 4.2.
Table 2.20: Overview of the ACM datasets available for measuring cliff recession.
Data

Temporal
Resolution

Topographic
Ground Surveys

1991 – present

Aerial Photography

1992 – Present

LIDAR

2011 – Present

Terrestrial Laser
Scanning (TLS)

2010, 2012, 2017

Spatial
Resolution

Notes

50 m – 500 m
within monitoring
cells

Biannual, summer and winter
surveys. Includes profile photographs
from 2011. Substrate recorded from
1994

~20 cm

Annual, summer surveys

1m

Annual, winter surveys
Sporadic coverage Pre-2011

~5 cm

Not within regular monitoring
programme.

The topographic ground surveys survey and aerial photography datasets have the greatest
temporal resolution, the former also includes a winter survey, thus potentially a better insight into
seasonal trends. The transect spacing within monitoring cells is between 50 – 500 m, prefixed with
a monitoring cell identifier followed by a transect number. Generally, the closely spaced ~ 50 m
transects have a shorter temporal resolution, as they represent recent additions based on
shoreline vulnerability. In addition to coordinates along each transects, substrate codes are also
collected to show changes in gradient, habitat or substrate at each observed point. Cliff top (CT),
cliff face (CF) and cliff edge (CE) are examples of the substrate codes which may be utilised in
determining the cliff recession; by extracting their position from a series of successive years.
However, this approach is limited in its relatively narrow snapshot of cliff recession at coarsely
spaced transects, as well as the reliance on surveyors to record cliff substrate codes for points on
the, potentially dangerous, cliff edge - as further discussed in Section 4.2.
Using aerial photography to measure cliff recession is an accepted practice within academic
studies. For example, Brooks and Spencer (2013) digitise cliff top position from a series of
successive aerial images, subsequently using those positions to calculate recession rates for the
entire cliff frontage. Employing a similar methodology in this study would utilise the entire temporal
range of the ACM data, whilst providing a more thorough spatial overview of recession changes
along each cliff frontage than that of the above topographic method. However the accuracy of
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recession rates generated in this way, are subject to unknown errors due to bias of the analyst
undertaking the digitisation – as discussed in the limitations (Section 4.2).
To date, there appears to be no widely acknowledged or employed method of using LIDAR data to
extract shoreline or cliff position to measure recession in an automated way. Although the process
of extracting the cliff top position from the LIDAR data could follow a similar extraction/ digitisation
process as that employed for the aerial imagery, the caveats are more significant. Firstly, the
LIDAR data for the ACM has a much coarser spatial resolution of 1 m than that of the aerial
photography; therefore the margin of potential error is already greater. Furthermore digitising from
a point cloud would be significantly hindered by the inability to distinguish between different
substrates – such as grass or sand – which help to determine the position of the cliff edge. Yet the
alternative of using a hillshade or DSM would introduce various errors associated with the
interpolation of the data points. Therefore the error associated with using the LIDAR data would be
of greater magnitude than that associated with the aerial photography. Moreover, LIDAR data, as a
relatively new technology, generally has a limited temporal resolution, as is the case with the ACM
data.
Additionally, as the TLS data is not regularly collected for the ACM, its utility in a study of this kind
is significantly reduced. However, TLS has potential to offer further information about vertical cliff
face movements and volumetric losses which cannot be picked up using vertical aerial images, for
example the cliffs at Hunstanton which have 2010 and 2012 scans and planned for 2017.
In summary, the aerial photography dataset was selected for this analysis, as the most appropriate
choice in terms of both spatial and temporal coverage, as well as having scientifically validated
methods to support it (e.g. Brooks and Spencer 2013). Moreover, topographic transect data were
included in the analysis of the two cliff frontages initially examined, in order to compare the erosion
values calculated. The limitations and justification of the data choices are further discussed in
section 4.2. Additionally, the topographic transect positions will be integrated into the analysis for
continuity purposes, and to align the observed values with those of the SMP and NCERM
predicted erosion values.
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2.3

Shoreline Management Plans

Shoreline Management Plans are a high-level, non-statutory, policy documents that consider
coastal risk and sustainable management planning. There are 6 SMPs covering the Anglian Coast
(Table 2.30). This report refers only to the 2nd generation Shoreline Management Plans (SMP),
unless otherwise stated, typically published in 2010. The SMPs provide information on baseline
coastal processes including discussion of erosion rates and consideration of future change in three
epochs (20, 50 and 100 years). Although not explicitly stated within any SMP document, year 0 of
Epoch 1 is considered to be 2005, as confirmed by the lead authorities, thus the epochs are as
follows:
Epoch 1 (Short Term): ‘Present day’ (2005) – 2025
Epoch 2 (Medium Term): 2026 – 2055
Epoch 3 (Long Term): 2056 – 2105

Table 2.30 Attributes of SMP areas covering the Anglian coast, including presence of cliffs as identified in
the initial stages of this analysis.
SMP

Lead

Report Author

Cliffs Present?

East Riding of
Yorkshire Council

Scott Wilson

No

SMP 4 Gibraltar Point
to Hunstanton (The
Wash)

Environment Agency

EA *

Yes

SMP 5 Hunstanton to
Kelling Hard (North
Norfolk)

Environment Agency

EA

No**

SMP6 Kelling Hard to
Lowestoft (Norfolk)

North Norfolk District
Council

AECOM

Yes

SMP 7 Lowestoft to
Felixstowe (Suffolk)

Suffolk Coastal
District Council

Royal Haskoning

Yes

Environment Agency

EA

Yes

SMP 3 Flamborough
Head to Gibraltar
Point (HECAG)

SMP 8 Languard
Point to Two Tree
Island (Essex and
South Suffolk)

* Prediction values for Hunstanton are not within this SMP report; values are reported in the 2005 Mott MacDonald report
‘Hunstanton Cliff Regression Review. ** Stiffkey- Morston Cliff SSSI is not identified by habitat mapping nor verified with
aerial photography/ imagery, and lies inland behind a saltmarsh.

As previously noted, the interests of this report are to compare observed erosion with the SMP’s
‘No Active Intervention’ (NAI) scenario in epoch 1. The NAI scenario is defined by no further work
being undertaken to manage or maintain defences, that is, defences are left as they are to
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deteriorate over time (North Norfolk SMP 5, 2010). Its purpose is to provide a baseline for
comparison against the current management and defence conditions. It should be noted that the
SMP may recommend an alternative policy decision for the cliff frontages assessed in this report.
The Environment Agency lead on three Anglian SMPs (Table 2.20), whilst Local Authorities lead
on the remaining three. The SMP reports themselves were authored by various appointed
consultancies. The differing authors, together with the differing nature of the coastlines in
consideration, resulted in a variety of priorities and approaches towards the development of the
plans. Additionally, each SMP assessment of coastal change – in terms of erosion and accretion –
was derived using a combination of resources, for example; local studies, data and research
informing the Sea Defence Management Studies and Futurecoast project (Defra, 1996), as well as
ACM observations of change via data and reporting.
However, the tasks set out within the SMP Guidance (Defra, 2006), were designed to ensure a
degree of comparability between the documents. Of particular interest, Task 3.2 requires the
assessment of the shoreline interactions and responses to the ‘Policy Packages’ (e.g. SMP4
Appendix F, 2010, F5.1). The following observations were made about the SMP’s interpretation of
this task:
-

Erosion rate predictions are only made by certain SMPs, of which a handful include GIS
contours depicting predicted ‘shoreline’ contour positions for different epochs. These are
inconsistent across the board, with some SMPs not providing information for Epoch 1, and
only SMP 7 (Suffolk) providing a GIS position for the ‘present day’ (Year 0).

-

What constitutes as the ‘shoreline’ is not explicitly stated within any SMP report, particularly
problematic where GIS data were not produced/ available.

-

Coastal Overview Legislation GIS ‘flooding’ / ‘erosion’ frontages are inconsistent with that
reported and mapped within the SMP documents.

-

The SMPs seek to include possible climate change and sea level rise into predictions for
future coastal change and behaviour systems (SMP 3 Appendix C; C1.2, 2009). Climate
change predictions are informed by the 2009 UK Climate Predictions (UKCP09) data on
projected sea level rise; however, the specifics of climate change multipliers upon
anticipated erosion rates or defence deterioration is not understood.

The impacts of these observations upon this report are discussed below.
The absence of erosion predictions or those with only descriptive predictions limit the ability to
make comparisons to observed erosion rates, often relying on subjective interpretation of the
figures, thus impacting the accuracy. Generally, the extraction of prediction figures throughout the
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analysis was difficult, hindered by the inconsistent approaches to the documents as well as the
ambiguity of the reported figures. The GIS predictions for SMP 7 (Suffolk) showed discrepancies in
the data, where Year 0 aligned with the 1992 digitised shoreline in Easton Wood, 2010 shoreline in
Easton Marshes, and ~2001 at Easton Bavents – as derived from the ACM aerial photography
data. Thus it was deemed inappropriate to base any comparisons on this shoreline without
knowledge of its formation. Conversely, SMP 7 (Suffolk) provided a comprehensive table of
erosion predictions for each epoch linked to ACM transect IDs, enabling swift and precise
comparisons to the observed data.
Furthermore, the absence of an explanation regarding what, or indeed, where is considered to be
the ‘shoreline’ leads to potential errors in interpretation. Logic dictates that in an assessment of
potential erosion rates in SMP areas, consideration would be given to the assets primarily at risk;
therefore, from a managerial perspective, the rates would provide the most useful information to
the SMPs. It follows then, that the point-of-measurement location varies with the differing asset; for
example, a stretch of cliff frontage would be best measured by the backshore rate of erosion.
Whereas in areas of soft dune or shingle ridge, it may be more appropriate to base predictions on
beach behaviour (SMP 7 Appendix C, 2009).
Further investigation, determined the GIS shoreline contours within the SMP documents to be a
combination of backshore and beach features, such as dune ridges and High Water levels, though
there was variation within and between different SMPs. The Futurecoast-defined shoreline was
also used in a number of the SMPs, though again, not explicitly stated.

2.4

Futurecoast

The Futurecoast project was commissioned by Defra to conceptualise the factors affecting coastal
change, in response to the First generation Shoreline Management Plans published in 1996.
Halcrow, now CH2M, were contracted to undertake the project; to collate literature and studies to
provide a nationally consistent resource upon which to base long term coastal management
decisions, which was published in 2002.
Futurecoast derived a historic shoreline using 1:1000 OS maps, recording points for MLW (L),
MHW (H), back of beach (B) and top of cliff (C), providing a representation of the shoreline up to
the date of the map publication, in 2000. The use of this shoreline position within the second
generation SMPs could impact the reliability of the predictions, as the 2000 shoreline would be ~10
years out of date by the time of their publication.
Within the Futurecoast assessment, local-scale Shoreline Response Statements describe
predictions of shoreline evolution over the next century for an ‘unconstrained’ scenario.
‘Unconstrained’ assumes no coastal management, specifically, an instantaneous, total removal of
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and discontinuation of anthropogenic intervention along the entire open coast (Futurecoast user
Guide, 2002). This scenario is not comparable to the SMP’s NAI scenario however, which
assumes defences will gradually deteriorate.
The Futurecoast mapping presents future shoreline change of the predicted scenarios as frontage
polygons coloured according to potential magnitude of change rather than a new shoreline position
or erosion value – a novel way to visual the data.

2.5 National Coastal Erosion Risk Mapping
(NCERM)
The National Coastal Erosion Risk Mapping (NCERM) is an Environment Agency led initiative
developed as a result of the outcomes of the joint Defra/ EA R&D project FD2324 – RACE (Risk
Assessment of Coastal Erosion), in 2007. NCERM is designed to complement the EA’s coastal
Flood Maps, targeting only areas which are not at risk from flooding, to provide a complete picture
of risk along the coast of England. In particular, NCERM considers erosion of hard landforms,
therefore does not cover features such as saltmarsh or mudflats.
NCERM utilises coastal erosion data and defence condition information from both Futurecoast and
the Maritime Local Authorities to provide the best and most up-to-date predictions of potential
erosion risk along the coastline for the next 20, 50 and 100 years. The time periods were designed
to match the SMP Epochs, the project also utilises the SMP area units for risk mapping. From June
2010, NCERM has also considered the effects of climate change and sea level rise from the
UKCP09 within the risk mapping. It was found that the NCERM prediction data closely aligns with
that of the 2010 digitised cliff lines from this analysis. Therefore the NCERM period is considered
as 2010- 2025, rather than 2005 onwards.
The NCERM Outputs Data Product (ODP) is publically available through the EA’s data portal
(data.gov.uk). The ODP is updated and released as each NCERM batch is published, each
release containing all relevant information for relevant SMPs. The ODP is primarily spatial data
product, providing LA’s to further investigate and analyse where necessary. It includes a spatial
NCERM coastal baseline; this baseline is split into frontages which are designed to group areas of
similar cliff behaviour, and defence characteristics. Each frontage has a predicted erosion distance
value attached to it for NAI (No Active Intervention) and WPM (With Present Management)
scenarios for each of the three Epochs; short, medium and long term, (NCERM, 2011). 5, 50 and
95 percentile confidence levels for each of the above scenarios and epochs are produced.
Additionally, an SMP Comparison Note is found within each ODP, highlighting and explaining the
differences between the NCERM predictions and those within the SMP. However, it also should be
noted that the neither the NCERM ODP nor any supporting documents provide a definition of the
term ‘shoreline’ nor describe how the shoreline was derived, i.e. using mean high water etc. This
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report seeks to provide numerical evidence of these differences at specific locations, by comparing
across several data sources.

2.6

Analysis method

This section will present an overview of the analysis methodology. Figure 2.60, demonstrates the
process model for determining a) the observed cliff recession and b) the predicted NCERM and
SMP erosion figures. As the Futurecoast predictions are based on an unconstrained scenario and
are not comparable with that of the SMP or NCERM predictions they are not included in the
analysis. However, Appendix I displays the Futurecoast prediction, where possible, for reference
purposes.
For each of the selected cliff frontages (Section 1.3), the cliff top position was digitised from
orthorectified imagery in ArcMap initially for the ‘core’ years; 1992, 2005, 2010 and 2015, followed
by any additional years (Table 2.60). The inclusion of extra years may provide additional insight
into the trends and patterns of movement over time, in particular the observation that erosion rates
have increased in recent years (e.g. Brooks and Spencer 2013). For example, 2013 and 2014
were included where erosion appeared significant in the NCERM period (2010- 2015) in an attempt
to establish if the St Jude’s day Storm in November 2013 or the December 2013 east coast storm
surge may have influenced the recession.

Table 2.60: Analysis dates for each of the 8 cliff frontages studied; the ‘core’ years are marked in red.

Analysis Dates
Cliff Location

1992 1994 1997 2001 2005 2010 2011 2012 2013 2014 2015

Hunstanton







Sidestrand to Trimingham









Bacton









Happisburgh









Corton



































Covehithe
Easton Bavents



The Naze





















A single analyst carried out digitisation at 1:400 scale, fluctuating in areas of minimal cliff
movement, or highly vegetated areas, in order to maintain the wider perspective whilst gaining the
most accurate representation of cliff position. Figure 2.61 illustrates some examples of the different
cliff frontages analysed; the vertical chalk and sandstone cliffs of Hunstanton; and the historically
receding soft clay cliffs of Happisburgh and Covehithe (images A, B and C respectively). Where
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possible, cliff lines were digitised without the knowledge of previous or subsequent years’ digitised
cliff line, to try and prevent systematic bias from the analyst. However, in some instances it was
necessary to refer to these other cliff line locations; for example, where cliffs experience relatively
little recession, digitisations are very close, as demonstrated at Hunstanton (Image A, Figure 2.61),
even at 1:400 scale. Furthermore, Happisburgh cliffs (image B, Figure 2.61) demonstrate
vegetation on the cliff face, and a series of landslips and shadows which influence the digitised cliff
location. The heavily vegetated area of the Covehithe frontage (image B, Figure 2.61) highlights a
further difficulty in determining the true cliff edge from vertical aerial imagery, a thorough
discussion of these limitations is presented in section 4.2. The profile photographs for the
topographic transect data were also used to aid the interpretation of the cliff top, particularly where
cliff faces were vegetated.
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Figure 2.60. Process model for extracting erosion rate and distance data from aerial photography.
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A

A

B

B

C

C

Figure 2.61: Examples of the problems encountered when digitising cliff tops from aerial imagery displayed at 1:1500 scale in the top three images, and
zoomed in to 1:400 (the scale at which the cliff tops were digitised) in the bottom three images. A – depicts transect NH031 at Hunstanton cliffs; B – depicts
transect N077 at Happisburgh cliffs and C – depicts transect BB038 at Covehithe cliffs.
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The Digital Shoreline Analysis System (DSAS) is an ‘ArcGIS extension for calculating shoreline
change’ (Thieler et al., 2009), and has been successfully used for similar studies, such as Brooks
and Spencer (2013). The tool uses an arbitrary baseline to cast a series of transects – at userspecified spacing – along a length of shoreline (Figure 2.61). The ‘shoreline’ positions represent
user specified polylines which may relate to any geomorphological change, such as mean high
water or cliff line. In this analysis the term shoreline will represent the digitised cliff top positions;
and the terms will be used synonymously in relation to the DSAS tool. The intersections of the
digitised cliff positions and the DSAS transects are then used as points to measure and calculate a
variety of statistics. In this analysis, the baseline was cast seaward of the digitised cliffs, therefore
any measurements of recession are given in negative figures. As the ACM topographic transects
were generally coarsely spaced (~500 m), initially 50 m transects were cast using the DSAS tool
for Covehithe, and manually aligned with corresponding ACM transects where applicable
(therefore the ~50m spacing is approximate). To assess the viability of the 50 m transects to
capture fine scale variability of the cliff movement to a sufficient level for this analysis, 10 m
transects were additionally cast for Covehithe. This comparison process was repeated for
Hunstanton, which has geologically different cliffs. A transect interval of 50 m was determined to
be sufficient for the aims of this task, therefore the DSAS transects were cast and manually
manipulated to align with the ACM transects – for comparative purposes – for each of the
remaining 6 cliff frontages.

Figure 2.61: Schematic representation of the DSAS tool; the distance from the baseline to each
measurement point is used in conjunction with the corresponding shoreline date to compute change
–rate statistics
Source: Himmelstoss, 2009
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The DSAS tool can compute a variety of statistics, a full description of which can be found in the
user guide (Himmelstoss, 2009). In this analysis, 3 sets of statistics were calculated for each cliff
frontage; Net Shoreline Movement (NSM), Shoreline Change Envelope (SCE) and End Point Rate
(EPR), the latter also including a confidence value. As no regression or error calculations were
undertaken, the shoreline uncertainty – as seen in Figure 2.61 – did not influence the statistics
generated in this analysis. The NSM and SCE both report distances not rates, NSM is the distance
between the oldest and youngest shoreline – according to the date field input in the analysis – and
the SCE represents the greatest distance between all shorelines. As cliffs can only erode, these
figures will likely be the same or very similar in this analysis. The EPR describes the rate of erosion
over time by dividing the total distance of shoreline movement by the time between the oldest and
most recent shoreline. The DSAS tool only computes statistics between two shorelines at a time,
therefore, all periods of interest must be analysed separately. In this analysis, statistics were
calculated between all years (from 1992-2015), as well as the two periods necessary for
comparison:
- SMP period: 2005 – 2015 (2025)
- NCERM period: 2010 – 2015 (2025)
As both the SMP and NCERM predictions extend up until 2025, this comparison will demonstrate if
the midway observations are on track with these predictions, providing valuable data to feedback
to the SMP and NCERM projects. The generated statistics for each year and each location were
exported from ArcMap and tabulated into formats appropriate for presentation within this report.
Additionally, for Covehithe and Hunstanton, attempts were made to extract the cliff-related
substrate codes as a further comparison for the observed data, however, inconsistent recording of
substrate codes allowed for only the SMP period to be compared. Cliff top and cliff edge codes
were infrequently recorded, therefore, as a proxy the most landward cliff edge point was extracted
for each year (2005 and 2015) along each transect. The distance between the points was then
measured to give an erosion distance, and the rate was calculated by dividing by the time.
Extracting the points was found to be inefficient and therefore was not continued for the additional
frontages.
Additionally, erosion maps were produced to display the spatial variation in erosion rates, using
blocks of colour which correspond to the rates observed at each DSAS transect. The DSAS
transects mark the centre of each block; therefore the EPR values assigned to each should be
interpreted with caution to avoid misrepresentation of the figures. Additionally, the colour block
maps have been exaggerated seawards to provide a better visual display as well as providing a
buffer to the sensitivities surrounding publication of erosion rates.
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Each colour block map conforms to the same classification system; created using the greatest
range of erosion rates within the 8 analysed locations in order to provide cross comparability
between sites and cater for further future applications of this methodology.
As previously mentioned, the NCERM predictions are contained within GIS layers corresponding to
each SMP area. To extract the predictions at each DSAS cast transect (aligned with the EA
topographic transects), where they met the NCERM frontages, the ArcMap Spatial Join tool was
utilised. These figures were then incorporated into the aforementioned comparison database.
Extracting the predictions from each SMP area’s reports was more intricate. The most helpful SMP
areas linked the predictions to specific EA topographic transects, for the other areas, the linkage
with particular topographic transects (and DSAS transects), was inferred from the location and
descriptions provided, leading to a higher potential error (section 4.2)

3. Results
This section presents a selection of maps, graphs and tables presenting the key findings in the
analysis of cliff recession along the Anglian coast. Specifically, for each frontage, tables of the
differences between the observed and predicted erosion rates for the SMP and NCERM periods
are presented, along with colour block maps visualising the observed rates. Results for the
Topographic ground data comparison are only presented for Hunstanton and Covehithe as this
data was only analysed for these frontages (Section 2.6). Note, where predictions were given as a
range, the median value was used for the comparisons; full predictions are given in Appendix I.
The difference values represent whether the midway observations are aligned with the figures
predicted by either the NCERM or SMP projects. Green text (negative values) indicate
observations less than that predicted, and red text (positive values) indicates observed values
which already exceed the predictions. Depending on the magnitude of the negative (green)
difference the midway observations may be keeping in line with the overall erosion prediction. For
contextual purposes, the observed erosion rates for each transect and time period are shown in
brackets alongside the difference values. Note the erosion rates are shown as negative figures
throughout the results due to the way the DSAS tool computes the statistics, therefore all
predictions are also considered as negative figures throughout the full results.
More detailed comparison tables for the observed and predicted erosion rates and distances for
the NCERM/ SMP periods can be found in Appendix I. The full dataset of observations generated
for each year and location are available on request to ACM@environment-agency.gov.uk, these
can be utilised to look up specific erosion rates or distances in particular areas or time periods. The
results for each of the 8 cliff frontages will be presented separately, firstly Hunstanton and
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Covehithe – the design method frontages – will be presented alongside the additional comparisons
undertaken for each, followed by the remaining six cliff frontages.

3.1

Hunstanton, Norfolk

Hunstanton cliffs are north-west-facing sea cliffs, constraining the north-eastern side of The
Wash’s mouth. The cliffs extend ~1.3 km from Hunstanton promenade to St Edmunds point,
making up the only undefended stretch of shoreline in The Wash – SMP area (SMP 4, 2010). The
cliffs themselves are designated as a SSSI due to their interesting geological composition (Figure
3.10); a distinctive mixture of white and red chalk, and brown sandstone – locally known as
Carstone – ranging from 10–20 m in height.

Figure 3.10: Profile photos for W063; Hunstanton cliffs and foreshore platform, August 2016 .

As one of the primary locations used to design the methodology, DSAS transects were cast at both
10m and 50m spacing (Figure 3.11) to compare the suitability of scale for this assessment. Figure
3.12 shows a comparison of EPR calculated for both the 10 m and 50 m spaced transects. The
overall trends between the two sets of statistics is similar, note the range of erosion is relatively
small here, the majority between -0.1 and -0.2 m. For the purpose of this analysis, the 50 m
transects will give a sufficient overview of the variation along the stretch of cliffs, though a finer
scale analysis may be necessary for a more in-depth study of the region, for example volumetric
calculations.
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Figure 3.11. Location of ACM Topographic and DSAS 50m-spaced transects along the Hunstanton Cliff
frontage.
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Figure 3.12: A comparison of the DSAS calculated EPR from the 10m and 50m cast transects, for the 2005 2015 period, with the cumulative distance alongshore, beginning from the south-western extent of the cliffs.

Table 3.10: Summary of difference statistics for Hunstanton cliffs; red text indicates the observation exceeds
the prediction, green text indicates the observation in line with the predictions. Figures in brackets represent
the observed erosion rates in m/ year for the corresponding period/transect.
Difference between observed and predicted erosion rates (m/year)
Aerial photography (DSAS)

Topographic survey data

ACM Transect
ID

SMP: 2005 - 2015

NCERM: 2010 -2015

SMP: 2005 - 2015

NH019

(-0.08) 0.03

(-0.03) -0.68

(-0.06) 0.01

NH021

(-0.12) 0.07

(-0.19) -0.52

(-0.10) 0.05

NH023

(-0.21) 0.16

(-0.06) -0.65

(-0.07) 0.02

NH025

(-0.10) -0.05

(-0.11) -0.60

(-0.11) -0.04

W063

(-0.07) -0.11

(-0.02) -0.69

(-0.17) -0.00

NH028

(-0.07) -0.11

(-0.06) -0.65

(-0.08) -0.10

NH029

(-0.04) -0.16

(-0.02) -0.69

(-0.04) -0.16

NH031

(-0.08) -0.12

(-0.05) -0.22

(-0.07) -0.13

NH033

(-0.17) -0.03

(-0.03) -0.24

(-0.07) -0.13

NH035

(-0.11) 0.08

(-0.05) -0.22

(-0.10) 0.07

NH037

(-0.07) 0.04

(-0.01) -0.26

(-0.21) 0.18

NH039

(-0.10) 0.07

(-0.11) -0.16

(-0.12) 0.09

NH041

(-0.06) 0.03

(-0.05) -0.22

(-0.08) 0.05
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Table 3.10, displays the differences between the observed and predicted erosion rates along the
Hunstanton cliff frontage, the locations of the ACM transects are visualised in Figure 3.11. The
observations since 2010 (the NCERM period) appear to be in line with the values predicted. Since
2005 (the SMP period) however, there are a number of transect locations, at either end of the cliff
frontage, where the observations are already – midway through the full period – exceeding the
predictions. These results are mirrored in the topographic ground survey results as well as the
aerial photography. Although the differences above and below the predicted values appear
marginal, in the context of the observed values displayed in brackets, these differences appear
more significant. However, it should be noted that due to the extremely low level of recession
observed at Hunstanton cliffs over the analysis period, and the potential for analyst error
associated with the digitisation process, the reliability of these results may be significantly
impacted. In particular, where cliff lines are too close together to adequately differentiate and other
factors influence the digitisation such as shadowing, as thoroughly discussed in section 4.2.
The map output (Figure 3.13) displays the observed erosion for the 2005 – 2015 period; using
colour blocks to represent the EPR values calculated at each DSAS transect (Figure 3.11). The
erosion rates at Hunstanton fall into the lowest classification level for recession in this study.
Furthermore, the Hunstanton cliff frontage is characteristically vertical or slightly overhanging and
is most heavily influenced by undercutting and mass loss events; therefore this method of analysis
may not accurately represent the processes influencing recession here.
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Figure 3.13: Colour block display of erosion rates from 2005 – 2015 along the Hunstanton cliff frontage.
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3.2

Covehithe, Suffolk

Covehithe cliffs, and Easton Bavents cliffs just to the south, form part of an ~8 km long southwesterly facing cliff line between Kessingland and Southwold, intersected by several saline
lagoons (Environment Agency, 2016), and low lying land backed by saltmarshes (SMP 6, 2010).
This area is of interest due to the severe, yet sporadic, erosion which has been observed dating
back to the 1800s, coupled with the rising concern of risk to the public (Brooks and Spencer,
2010). The Covehithe cliff area analysed in this study are soft clay in composition, with an average
height of ~10 m (Figure 3.20). Consisting of two segments of cliff separated by Benacre Broad;
Covehithe North - extending ~600 m to the north, the other Covehithe South extending ~1.75 km
south, to the edge of Covehithe Broad (Figure 3.21).

Figure 3.20: Covehithe cliffs at EA transect S013, captured July 2016.

Figure 3.22 displays the comparison between the EPR for the 50 m and 10 m cast transects for
Covehithe, the former displayed in Figure 3.21. Visual evaluation of the two EPR values indicates
relative similarity between the trends of the 10 m and 50 m cast transects, the trend lines
consolidating this interpretation. Therefore, the 50 m transects, are considered adequately
representative of the finer spatial trend of the cliff line for the purposes of this analysis.

Figure 3.21: Location of ACM Topographic and DSAS 50m spaced transects along the Covehithe cliffs.
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Figure 3.22: Comparison of the EPR values generated for both 50m and 10m cast transects at Covehithe with
trend lines. Top: Covehithe North and bottom: Covehithe South.
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Table 3.20: Summary of difference statistics for Covehithe cliffs, red text indicates the observation exceeds
the prediction, green text indicates the observation is in line with the prediction. Figures in brackets
represent the observed erosion rates in m/ year for the corresponding period/transect.
Difference between observed and predicted erosion rates (m/year)
Aerial photography (DSAS)

Topographic survey data

ACM
Transect ID

SMP: 2005 - 2015

NCERM: 2010 -2015

SMP: 2005 - 2015

S013

(-3.13) -0.87

(0.48) -5.59

(-2.91) -1.09

BB038

(-3.73) -0.27

(-1.89) -3.90

BB043

(-3.23) -0.77

(-3.17) -2.62

S014

(-2.67) -1.33

(-3.85) -1.94

CV016

(-5.31) 1.31

(-6.61)

S015

(-4.59) 0.59

(-4.17) -1.62

(-2.60) -1.40

0.82
(-4.54) 0.54

The calculated differences between observed (both DSAS calculated EPR and topographic survey
derived erosion rates) and predicted SMP and NCERM erosion rates at each ACM transect are
presented in Table 3.20. Table 3.20 indicates that the observed erosion rate exceeds the SMP
prediction at two ACM transects (CV016 and S015) and the NCERM predictions at one location
(CV016). The topographic survey-derived observed rates are, as expected, similar to those derived
using the DSAS tool and aerial photography, S013 with a slightly higher variation between the two,
which may be as a result of the limitations of either method as discussed in section 4.2. The
NCERM difference value for the transect S015 shows that the observed rate is well within that
predicted for the 2010-2025 period, suggesting that the NCERM and SMP predicted rates are
different from one another.
The colour block map outputs, figures 3.23 and 3.24, display the 1992 – 2015 observed erosion
rates for North and South Covehithe respectively. The rates appear relatively uniform within and
between the two frontages, consistently averaging between 3-5 m of observed erosion per year.
In comparison to Hunstanton, Covehithe cliffs are experiencing considerable recession year after
year. Figure 3.25 has been included to demonstrate the need for the large range of values used for
classification within these maps; where over 14 m of erosion in a year was observed in both the
2010 to 2011 and 2012 to 2013 periods. Quantifying these significant loss events is important to
understanding the potential risk in the area.
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Figure 3.23: Colour block display of DSAS calculated erosion rate for North Covehithe for the 1994- 2015
period.

Figure 3.24: Colour block display of DSAS calculated erosion rate for South Covehithe for the 1994- 2015
period.
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Figure 3.25: Colour block maps showing annual erosion rates in Covehithe between 2010 and 2014.
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3.3

Sidestrand to Trimingham, Norfolk

The Sidestrand to Trimingham cliffs falls within Norfolk SMP 6, for the purposes of this study the
frontage begins in between Sidestrand and Overstrand and extends ~4.7 km south east, to finish
at Little Marl Point (Figure 3.31). This extent spans the length of the cliff defended by wooden
revetments, and builds upon a previous assessment of cliff erosion undertaken by the ACM for the
relevant LAs. Rising up to 70 m tall (Figure 3.30), this cliff frontage is composed of a mixture of
chalk slabs overlain by glacial tills (Norfolk Coast Partnership, 2011) and clays (Futurecoast,
2002); accordingly the cliffs themselves are designated as a SSSI.

Figure 3.30: Images of Sidestrand to Trimingham cliff frontage taken at topographic transect N062,
October 2016. Left; looking North West along the cliff line and right; looking down the transect at the
cliffs.

Table 3.30 displays the differences between observed and predicted erosion rates on the
Sidestrand to Trimingham frontage at the location of the ACM transects (Figure 3.31). Overall the
observations generally appear to be in line with (below) the predicted rates of erosion. The
exceptions to this, however, have significantly higher observed rates of erosion of up to 3.30
m/year and up to 4.67m/year for the SMP and NCERM periods respectively. Table 3.30 displays
significant variation in the observed rates of erosion throughout the Sidestrand to Trimingham cliff
frontage, as further highlighted by Figure 3.32. Studying the location of these transects (Figure
3.31); there are no visible geographical or manmade features which reasonably explain the
significant variation and areas of accelerated erosion in particular areas. It therefore may be
prudent to investigate this area further.
The colour block maps for the Sidestrand to Trimingham cliffs, Figure 3.32 and 3.33 display the
1992- 2015 erosion rates. The observed rates in Figure 3.32, the north-western extent of the cliffs
fronting Sidestrand appear more variable than those of the south-eastern extent (Figure 3.33),
coinciding with the location of the where table 3.30 highlights the biggest differences between
observed and predicted rates.
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Table 3.30: Summary of difference statistics for the Sidestrand to Trimingham, red text indicates the
observation exceeds the prediction, green text indicates the observation is in line with the prediction.
Figures in brackets represent the observed erosion rates in m/ year for the corresponding period/transect.

ACM Transect ID

Difference between observed (DSAS) and predicted erosion
rates (m/year)
SMP 2005 - 2015

NCERM 2010 -2015

CM120

(-0.19) -0.69

(-0.19) -0.42

CM125

(-0.07) -0.81

(-0.04) -1.00

CM130

(-0.07) -0.81

(-0.04) -1.00

CM135

(-0.74) -0.14

(-0.07) -1.32

N062

(-2.46)

1.59

(-4.67) 3.28

CM139

(-3.30)

2.43

(-0.20) -1.19

CM144

(-1.98)

1.11

(-1.35) -0.04

CM149

(-0.82) -0.06

(-0.04) -1.35

CM154

(-0.10) -0.78

(-0.07) -1.32

N063

(-2.26) 1.39

(-4.42)

CM163

(-0.12) -0.76

(-0.08) -1.31

N064

(-0.24) -0.64

(-0.16) -1.14

CM172

(-0.13) -0.75

(-0.06) -1.24

CM177

(-0.08) -0.80

(-0.07) -1.23

CM182

(-0.54) -0.34

(-1.07) -0.23

CM187

(-1.24) 0.37

(-1.58) 1.58

N065

(-0.26) -0.62

(-0.24) -1.06

CM196

(-0.06) -0.82

(-0.09) -1.21

CM201

(-0.09) -0.79

(-0.1) -1.20

CM206

(-0.13) -0.75

(-0.09) -1.21

N066

(-0.08) -0.80

(-0.13) -1.17

3.03
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Figure 3.31 Location of EA Topographic and DSAS 50m spaced transects along the Sidestrand to Trimingham
cliff frontage

Figure 3.32: Colour block display of DSAS calculated erosion rate for the north-eastern extend of the
Sidestrand to Trimingham frontage for the 1994- 2015 period.
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Figure 3.33: Colour block display of DSAS calculated erosion rate for the north-eastern extend of the
Sidestrand to Trimingham frontage for the 1994- 2015 period.
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3.4

Mundesley to Bacton, Norfolk

Moving along the Norfolk SMP area, the Mundesley to Bacton cliff frontage spans ~3 km and
ranges from ~20 m high at Mundesley, to ~5 m towards Bacton, and encompasses the frontage of
Bacton Gas Terminal – an important national asset. The cliff composition is a mixture of sand and
clay, and is characterised by small-scale recession events and occasional land-sliding (SMP 5,
2010). Timber revetments reduce the wave energy reaching the cliffs (Figure 3.40).

Figure 3.40: Images of Mundesley to Bacton cliff frontage taken at topographic transect N071, October
2016. Left; looking North-West along the cliff line and right; looking along the transect at the cliffs and
timber revetment.

Table 3.40 details the difference between the observed erosion rates and those predicted by the
SMP or NCERM projects. The table shows that the observations are all currently within the SMP
predictions with one minor exception exceeding the prediction by <20 cm at transect N071. This
can be explained by studying the observed erosion rate for transect N071, which is significantly
higher than those at the surrounding transects. This increase may be associated with the presence
of a small access ramp into the gas terminal, slightly south-west of the transect N071. Considering
this, and the location of the transect in front of Bacton Gas Terminal (Figure 3.41) – it may be
prudent to further investigate and monitor transect N071 and the surrounding area. The colour
block map in Figure 3.42 displays the SMP period recession rates observed along the frontage,
demonstrating that the area around transect N071 has experienced higher erosion than the
surrounding cliffs.
Figure 3.43 displays the 1992 – 2015 EPR colour block map, which demonstrates relative
uniformity in the recession rates for the entire cliff frontage throughout the 23 year period, falling
within the 0 – 0.75 metres per year classification. The higher erosion rates observed more recently,
and significant landslip events are therefore lost in studying the longer term trend, demonstrating
the importance of studying various time periods.
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Table 3.40: Summary of difference statistics for the Mundesley to Bacton cliffs, red text indicates the
observation exceeds the prediction, green text indicates the observation is in line with the prediction.
Figures in brackets represent the observed erosion rates in m/ year for the corresponding period/transect.

ACM Transect ID

Difference between observed (DSAS) and predicted erosion rates
(m/year)
SMP 2005 - 2015

NCERM 2010 -2015

MH046

(-0.14) -0.76

(-0.12) -0.49

MH050

(-0.07) -0.83

(-0.12) -0.49

N069

(-0.07) -0.83

(-0.10) 0.10

MH057

(-0.16) -0.74

(-0.21) -0.10

MH062

(-0.12) -0.78

(-0.23) -0.08

MH066

(-0.08) -0.82

(-0.07) -0.24

N070

(-0.13) -0.77

(-0.16) -0.15

MH074

(-0.07) -0.83

(-0.08) -0.23

MH078

(-0.13) -0.77

(-0.04) -0.27

MH082

(-0.12) -0.78

(-0.15) -0.16

N071

(-1.07) 0.17

(-1.48) 1.17

MH091

(-0.78) -0.12

(-0.47) 0.47

MH096

(-0.09) -0.81

(-0.05) 0.05
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Figure 3.41. Location of ACM Topographic and DSAS 50 m spaced transects along the Mundesley to Bacton cliff
frontage.

42 of 70

Figure 3.42: Colour block display of DSAS calculated erosion rate for the Mundesley to Bacton cliff frontage
for the 2005 - 2015 period
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Figure 3.43: Colour block display of DSAS calculated erosion rate for the Mundesley to Bacton cliff frontage
for the 1992 - 2015 period.
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3.5

Happisburgh, Norfolk

Happisburgh is at the southern extent of the most active section of shoreline within the Norfolk
SMP. Beginning in east Cromer and encompassing the Sidestrand to Trimingham, Mundesley to
Bacton as well as the Happisburgh cliff frontages, the area provides the main contribution of
sediment to beaches to the south (Environment Agency, 2013). The Happisburgh cliffs range from
6 to 10 m in height and have a layered composition of various glacial tills; consisting of brown
sands and clays and occasional gravels (BGS, no-date, Figure 3.50). Happisburgh has historically
experienced significant erosion, with records indicating that the shoreline retreated by over 250 m
between 1600 and 1850 (BGS, no-date). The frontage has been historically defended along the
north-western extent, by a series of timber revetments, groynes and concrete blocks. The
Happisburgh frontage analysed in this study, begins just north-west of Happisburgh Manor and
extends south-east for ~1.6 km (Figure 3.51).

Figure 3.50: Profile photographs of Happisburgh Cliffs, SSSI at Transect HW014 taken September 2016.

Table 3.50 indicates that only a singular transect (N077) exceeds the predictions for the SMP
period, all other locations are ~2 m or more within the predicted rates. Conversely, the observed
intermediate erosion rates exceed that predicted by the NCERM project - by as much as 4.8m
(HW018) – at half of the transect locations. Not only does this suggest that the NCERM predictions
are inaccurate and inadequate for this area, but highlights notable inconsistencies between the
SMP and NCERM predictions. Studying the observed erosion rates in Table 3.50 shows significant
variation in the values throughout the Mundesley to Bacton cliff frontage, which provides context
that the differences are due to unexpectedly high levels of erosion in particular areas. Continuing
degradation of historical defences along the north-western extent of the cliff frontage (~ HW010 to
N077, Figure 3.51) may have led to accelerated erosion of the adjacent cliffs – thus may be the
cause of the large difference values (Table 3.50).
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Table 3.50: Summary of difference statistics for the Mundesley to Bacton cliffs, red text indicates the
observation exceeds the prediction, green text indicates the observation is in line with the prediction.
Figures in brackets represent the observed erosion rates in m/ year for the corresponding period/transect.

ACM Transect ID

Difference between observed (DSAS) and predicted erosion rates
(m/year)
SMP 2005 - 2015

NCERM 2010 -2015

HW010

(-0.22) -4.28

(-0.53) 0.00

HW014

(-2.26) -2.24

(-3.23) 2.70

HW018

(-2.50) -2.00

(-4.86) 4.86

HW021

(-2.34) -2.16

(-3.59) 3.59

(-5.24)

0.74

(-6.05) 4.18

HW026

(-1.65) -2.85

(-0.46) -1.41

HW029

(-2.30) -2.20

(-0.54) -1.33

HW033

(-2.54) -1.96

(-2.19) 0.32

HW037

(-1.43) -3.07

(-1.19) -0.68

HW041

(-0.77) -3.73

(-0.20) -1.67

N077

Figure 3.52 displays the 1992 – 2015 erosion rates for the Happisburgh cliffs. The map clearly
shows significant rates of erosion in Happisburgh, particularly accumulated south east of transect
N077 where observed recession is significantly higher than that of the adjacent cliffs. However, this
is contrast the that observed in the more recent periods as demonstrated by Table 3.50 in which
erosion rates are higher, particularly between 2010 and 2015 at the transects to the north west of
N077 (HW014 – HW021).
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Figure 3.51: Location of ACM Topographic and DSAS 50m spaced transects along the Happisburgh cliff
frontage.
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Figure 3.52: DSAS generated erosion rates in m/year at each 50 m spaced transect at Happisburgh the 19922015 period.
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3.6

Corton, Norfolk

Corton cliffs are another geologically important site recognised as a SSSI, the sand and clay
composition make them vulnerable to landslide events following high levels of precipitation. The
extent of the cliffs analysed within this study consists of a 1 km stretch just north of the village of
Corton. The 10-15 m high cliffs are defended by wooden revetments, some distance from their
base (Figure 3.60), which reduce the impact of wave action, but do not prevent the cliffs from
eroding.

Figure 3.60: Profile photographs of Corton cliffs at Topographic transect GY30, December 2016.

The observed versus predicted differences for Corton cliffs are presented in Table 3.60. The
observed midway erosion rates have already exceeded predictions at the majority of the transects
– the biggest discrepancies observed at transect N118. As demonstrated in Figure 3.61, the 4
ACM transects are concentrated towards the north of the cliff frontage, and therefore the results
presented in Table 3.60 may not be representative and should be viewed cautiously or in
conjunction with the full DSAS analysis results. However, the difference values suggest that both
the NCERM and SMP predictions for this area are inadequate representations of recession
occurring along the Corton cliff frontage, particularly in light of the fact that these predictions were
made for the period until 2025. Generally, the differences between the observed rates and NCERM
predictions are greater than that of the SMP predictions, suggesting that the NCERM predictions
may be less accurate.
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Table 3.60: Summary of difference statistics for Corton cliffs, red text indicates the observation exceeds
the prediction, green text indicates the observation is in line with the prediction. Figures in brackets
represent the observed erosion rates in m/ year for the corresponding period/transect.

ACM Transect ID

Difference between observed (DSAS) and predicted erosion
rates (m/year)
SMP 2005 - 2015

NCERM 2010 -2015

GO092

(-0.37) -0.47

(-0.55) -0.84

N118

(-1.86) 1.02

(-2.80) 1.41

GO103

(-1.30) 0.46

(-2.14) 0.75

GY30

(-1.37) 0.53

(-2.66) 1.27

Figures 3.62 and 3.63 visualise the observed erosion rates for the 2013 – 2014 period and 1992 –
2015 period respectively. The 2013- 2014 map demonstrates the potential for high annual
variability in erosion rates, as well as variability along the relatively short frontage; observations
ranging from <1 m up to >11 m. These particularly high rates observed are attributable to the
December 2013 east coast storm surge, though further investigation is necessary to determine
why the central area of the frontage was more affected. Contrastingly, these annual variations are
lost in the longer time series (Figure 3.63), appearing relatively consistent along the frontage,
highlighting the importance of frequent observation and monitoring to accurately inform
management.
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Figure 3.61: Location of ACM Topographic and DSAS 50 m spaced transects along the Corton cliff frontage
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Figure 3.62: DSAS generated erosion rates in m/year at each 50m spaced transect Corton for the 2013
- 2014 period.
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Figure 3.63: DSAS generated erosion rates in m/year at each 50m spaced transect Corton for the 1992-2015
period.

53 of 70

3.7

Easton Bavents, Suffolk

The hamlet of Easton Bavents is located ~3 km south of Covehithe on the Suffolk coast (SMP 7).
With respect to this analysis, the Easton Bavents cliff frontage has three spatially distinct areas
with a cumulative distance of ~2.1 km. Beginning south of Covehithe broad the Easton Wood
stretch covers ~670 m breaking at Easton Broad, the second length – Easton Marshes – measures
~330 m and is interrupted briefly by a low lying marsh land, before the final ~1.1 km long Easton
Cliffs section which extends to Southend Warren. The composition of these undefended cliff
stretches is similar to those at Covehithe; soft clay (Figure 3.70), and therefore similarly vulnerable.

Figure 3.70: Profile photographs from ACM topographic transect SW012 at Easton Cliffs, Easton
Bavents, taken June 2016.

Table 3.70 displays the difference between observed and predicted erosion rates for the three
sections of cliff at Easton Bavents – as indicated by dashed lines. All of the observed erosion rates
at Easton Bavents fall within the SMP predictions, and the majority within the NCERM predictions.
However at transect S017 and EB017, the NCERM predictions are already exceeded by over 1 m,
and across the SMP and NCERM some prediction values are almost being met despite the
predictions representing the period up until 2025.
At Easton Bavents the ACM transects are located towards the outer edges of the cliff extents, as
shown in Figure 3.71, where the cliffs may be lower as they descend back to beach level.
Therefore the difference values at the ACM transect locations should be viewed cautiously and
consideration should be given to the erosion and distance values presented in the Appendix I and
the full DSAS results tables. The maps in Figures 3.72 and 3.73 visually display the overall erosion
rate for the total monitoring period; 1992 – 2015, divided into two figures to ensure a visible scale.
These maps indicate relative uniformity in the longer term cliff recession along this frontage,
tapering off slightly towards Southend Warren.
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Table 3.70: Summary of difference statistics for Easton Bavents cliffs, red text indicates the observation
exceeds the prediction, green text indicates the observation is in line with the prediction. Figures in brackets
represent the observed erosion rates in m/ year for the corresponding period/transect.

ACM Transect ID

Difference between observed and predicted erosion rates
(m/year)
SMP 2005 - 2015

NCERM 2010 -2015

S016

(-2.50) -0.55

(-1.70) -3.15

S017

(-1.64) -1.41

(-1.44) 1.44

EB017

(-1.52) -1.53

(-2.65) 2.65

EB025

(-2.49) -0.56

(-0.98) -2.19

S018

(-2.18) -0.17

(-2.86) -0.31

SW006

(-0.70) -1.25

(-1.15) -2.02

SW012

(-0.24) -1.71

(-0.36) -1.97
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Figure 3.71: Location of ACM Topographic and DSAS 50 m spaced transects along the Easton
Bavents cliff frontages.
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Figure 3.72: DSAS generated erosion rates in m/year at each 50 m spaced transect at Easton Bavents I:
Easton Wood, for the 1992-2015 period.
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Figure 3.73: DSAS generated erosion rates in m/year at each 50 m spaced transect at Easton Bavents II:
Easton Marshes and Easton cliffs, for the 1992-2015 period.
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3.8

The Naze, Essex

Just south of Hamford Water, the Naze headland forms the beginning of one of the discrete
lengths of coastline breaking up the series of tidal inlets and estuaries which dominate the Essex
and South Suffolk SMP area (SMP 8 2010).The Naze cliffs are on the eastern most edge of the
headland, extending undefended from the Naze Nature Reserve path approximately 1 km south to
the Naze Tower. The cliffs rise up to 15 m high and are composed predominately of London Clay
overlain by sand and gravel (SMP 8, 2010). Figure 3.80 shows images of the Naze cliffs, the
vegetation obscuring the cliff edge provides an example of the issues encountered in identifying
and digitising cliffs using vertical aerial imagery.

Figure 3.80: Profile photographs from topographic transect WN054 at the Naze cliffs, taken
July 2014. The hindrance of vegetation in digitising the cliff top is highlighted here.
The observed versus predicted differences (Table 3.80) at each ACM transect (Figure 3.81)
indicate that the observations at the Naze cliffs are generally exceeding predictions; by up > ~2 m
compared to the SMP values, and >1 m compared to the NCERM. As there is a notable disparity
between the NCERM and SMP difference values at each ACM transect, it can be assumed that
the prediction values are significantly varied between the two documents. This may be of interest
for further investigation, as both predictions, although different, appear inaccurate.
Observed erosion rates for the 1992 – 2015 period are visualised in Figure 3.82. The map displays
a trend towards slightly increased erosion rates towards the northern extent of the cliff frontage.
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Table 3.80: Summary of difference statistics for The Naze cliffs, red text indicates the observation exceeds
the prediction, green text indicates the observation is in line with the prediction. Figures in brackets
represent the observed erosion rates in m/ year for the corresponding period/transect.
ACM Transect ID

Difference between observed (DSAS) and predicted erosion
rates (m/year)
SMP 2005 - 2015

NCERM 2010 -2015

E010

(-2.02) 3.42

(-2.76) 1.37

WN054

(-2.93) 4.33

(-2.91) 1.52

WN059

(-0.55) 1.95

(-0.14) -1.25

E011

(-0.59) 1.99

(-1.02) -0.37
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Figure 3.81: Location of ACM Topographic and DSAS 50 m spaced transects along The Naze cliff
frontage.
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Figure 3.82: DSAS generated erosion rates in m/year at each 50 m spaced transect along the Naze cliff
frontage for the 1992-2015 period.

4. Summary and Limitations
4.1

Summary

This report aimed to identify the cliff frontages of the Anglian coast, and develop a method to
monitor and analyse cliff recession utilising the archive of ACM data. Furthermore, the report
aimed to compare the observed erosion rates to those predicted for Epoch 1/Short Term (until
2025) by the SMPs and NCERM project. The results presented in this report provide a snapshot of
the analysis undertaken for this project, focusing on the comparisons between the observations
and predictions to inform Local Authorities and feedback to the SMP and NCERM projects. The full
analysis results including the DSAS outputs for each 50 m spaced transect are available by
request, and will provide LAs with the ability to understand the finer scale variations within the cliff
frontages. The key stages of the analysis are summarised below, the limitations and difficulties
encountered are discussed in section 4.2.
Initially, cliff frontages along the Anglian coast were identified primarily using ACM habitat mapping
and the topographic ground survey profile photographs. It was identified that there are no cliffs in
SMP3 – Flamborough Head to Gibraltar Point (HECAG), and one (unverified) small area in SMP5
– Hunstanton to Kelling Hard (North Norfolk). Following this, the SMP and NCERM erosion
predictions were – with difficulty – extracted for the relevant cliff frontages, specifically at the ACM
transect locations. The difficulty in this lay in the lack of definitions and thorough explanations of
key concepts such as where the ‘shoreline’ was measured from (cliff top, cliff toe, etc), the data
used to inform predictions, as well as the spatial disparities between the documents. The observed
recession rates and distances were calculated using the DSAS tool, following the digitisation of cliff
top positions from aerial photography, for various years at each cliff frontage. Aerial photography
was used for this analysis as it provided the greatest temporal and spatial resolution for the
Anglian coast.
The observations for the 2005 – 2015 and 2010 – 2015 periods (SMP and NCERM, respectively),
were compared to the corresponding prediction periods extending up to 2025. Theoretically
therefore, these observations – as midway through these periods – should have fallen well within
the predictions. However, the comparison results showed that the observations for 3 out of 8 of the
frontages (Hunstanton, Corton and the Naze) exceeded the SMP predictions at over half of the
transect locations. Only 1 area, Corton, exceeded the NCERM predictions in over half of its
transects but Happisburgh and The Naze, had equal numbers of observations exceeding and
falling within the predictions. From this rudimentary overview, it can be suggested that the NCERM
predictions are, thus far, more representative of the observed erosion rates throughout the 8
Anglian coast frontages analysed. The context provided by displaying the observed erosion values
alongside the difference values enables more thorough conclusions to be drawn. In particular, the
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observations highlight that where the significant differences in excess of the predictions are at
locations which have experienced significant rates of erosion. It appears as though localised max
loss events may be responsible for these high rates, evidenced by the significant variation between
neighbouring transects. It may be prudent for future predictions to therefore, consider the potential
for significant loss events. This could be achieved using a max loss risk line or landward buffer
zone which would map the greatest possible erosion rate based on previous observations at that
location (transect). Despite the issues touched upon above and further discussed below, it is
believed that this assessment is sufficient to show the general agreement – or disagreement – of
observations with predictions.
The colour block maps illustrate the DSAS generated erosion rates computed at the 50 m spaced
transects. Utilising the same classification scale for all the maps allows easy comparisons to be
made between different cliff frontages throughout the Anglian coast, as well as the ability to
compare different time periods. Overall on the Anglian coast, the pattern of cliff recession is varied;
ranging from <0.2 m per year at Hunstanton cliffs, to consistently >3 m per year along Covehithe
cliffs over the 1992 – 2015 period. The cliffs of Happisburgh however, experience more variation
within the frontage itself, ranging from <0.5 m a year in the north-west to > 6 m a year towards the
centre of the frontage.

4.2

Limitations

In order to adequately and appropriately utilise the analysis and results presented in this report the
additional documents and results, and avoid misrepresentation of the data the limitations of the
methodology should be acknowledged. These limitations are discussed below alongside
recommendations and future opportunities for similar or further analyses.
A primary task in this analysis was to extract the erosion prediction values from the NCERM and
the SMP documents. Early on it was discovered that neither the SMP nor NCERM documents
explicitly defined the starting date – ‘Year 0’ – of their prediction periods (Epoch 1, 2, 3 or short,
medium and long term). Additionally, neither document explicitly defined what it considered the
‘shoreline’ and thus where the prediction measurements were made from. The SMP’s Year 0 was
confirmed as beginning in 2005 by various LAs, however the NCERM Year 0 was only suggested
as 2010, subsequent to comparisons with the digitised cliff top positions for various years in
several locations. In the absence of any supporting documentation for the NCERM predictions, the
inferred date was utilised for the comparative analysis, thus if it is incorrect the accuracy of the
comparisons may be called into question.
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Furthermore, there was an element of subjectivity within the extraction of the prediction values
themselves, specifically related to the SMP documents. Although the documents followed the
same general layout, the content and manner in which figures were communicated differed
significantly between documents due to the differing authors. Some erosion prediction figures were
clearly laid out in tables, relating to specific lengths of coastline – often assigning a blanket
predicted erosion rate to an entire cliff length, others provided prediction values at the defined
ACM transects. Certain SMP’s made only vague references to erosion predictions within the text
thus required some interpretation as to the precise location to which they referred.
The data chosen to undertake this analysis was the ACM aerial photography, which offered ~20
cm spatial resolution imagery beginning in 1992. As discussed in section 2.2 using aerial imagery
to digitise cliff top position and subsequently calculate cliff recession is an accepted method in
academia, and there is currently no widely accepted method of utilising LIDAR data to perform a
similar analysis. Future incorporation of LIDAR data into similar analyses – to calculate volumetric
loss or understand the beach and foreshore sediment budget – could further increase the utility of
such work.
Nevertheless, the process of digitising the cliff top position from aerial imagery is not without
possible error, as discussed in length in Moore (2000). In particular, human error caused by the
interpretation of areas of cliff top which are not clearly distinguishable. Figure 2.61 visualises some
of the problems encountered during digitisation, for example the presence of vegetation on the cliff
top or face or shadowing on the cliff top which obscures the true cliff edge. Additionally, soft cliffs
often suffer from landslips and slumping which may hinder differentiation of the cliff top from the
slumped areas (see image B, Figure 2.61). Another difficulty in digitisation is correctly interpreting
the precise beginning and end of cliffs, in particular in Covehithe and Easton Bavents where the
cliffs drop back to beach level at several points. Errors tend to be propagated in locations where
there is little or no distinguishable cliff movement; digitised cliff lines may incorrectly overlap and
require manual amendments which may not truly reflect the cliff frontage.
In this analysis, some cliff frontages were susceptible to this problem in small sections, however at
Hunstanton the digitised cliff locations overlapped throughout much of its length, therefore the
positions were manually adjusted, thus the resulting recession figures, may be more erroneous
than other locations. In such instances, it is not uncommon for data to be excluded from analysis
due to the potential for reporting inaccuracies, for example Brooks et al., (2016) excluded the years
2008 to 2013 (inclusive) from their analysis because the shorelines were too close together to
determine the true location of the shoreline (cliff top). Considering this, the analysis results for
Hunstanton should, perhaps, be discounted, and we may conclude that this methodology of
assessment is not suitable for very vertical or slightly over hanging cliffs which experience little
movement, but are characterised by undercutting and sporadic mass loss events.
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That said, as a single analyst digitised the cliff tops from all of the imagery in this analysis, overall,
amongst the other 7 frontages, the interpretation error should be relatively small. Furthermore, the
error introduced by the analyst may be negligible depending on the rate of movement observed
within particular frontages; areas with several meters of recession a year – such as Covehithe –
will be less influenced by small errors than a frontage with on average < 0.5 m per year such as
Hunstanton.
Moreover, the limitations associated with digitising in this analysis must be considered with respect
to the alternative method of measuring cliff recession trialled within this analysis; extracting
substrate codes from topographic transect data. In trialling this method on the Covehithe and
Hunstanton cliff frontages, it was apparent that few parts of the process could be automated. Due
to the inconsistent recording of substrate codes – the use of cliff-top, -face, -edge used
interchangeably or completely missing – each point required manual selection of the most
landward cliff-related substrate code in an inefficient manner, a task open to user-error.
Additionally, where no ‘cliff’ code was recorded, cliff recession could not feasibly be measured,
together with the coarse spacing of the transects (~500m), there was insufficient data available to
thoroughly analyse cliff recession.
The potential for future applications of the method appear positive. Generating up-to-date erosion
statistics with the most recent aerial imagery is a straightforward task, which utilises the previously
defined DSAS transects to calculate values. The application of this method to additional cliff
frontages is uncomplicated, in light of the aforementioned caveats. Furthermore, there is potential
to utilise this methodology on accreting shorelines, similarly measuring movement over time.
Moreover, integrating additional data into this analysis could provide a more thorough analysis, for
example, using the LIDAR data to quantify the volumetric loss of cliff frontages. Or using the winter
collected LIDAR to provide and additional seasonal perspective on the recession rates, pending
the development of a suitable methodology.
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6. List of abbreviations
ACM

Anglian Coastal Monitoring

BGS

British Geological Survey

DSAS

Digital Shoreline Analysis System

EPR

End Point Rate

LA

Local Authorities

LIDAR

Light Detection and Ranging

NCERM

National Coastal Erosion Risk Monitoring

SMP

Shoreline Management Plan

TLS

Terrestrial Laser Scanner

69 of 70

70 of 70

