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Introduction
This report presents the change in morphology of the Dunwich to Walberswick shingle ridge,
following the end of active re-profiling of the ridge in 2006 and subsequent return to natural
processes. The report presents the changes in elevation recorded from five LIDAR surveys and
five topographic survey lines of the shingle beach. The study area covers a five kilometre stretch
from Dunwich Beach car park in the South to the mouth of the River Blyth in the North (Figure 1).

This report is produced as part of the Anglian Coastal Monitoring (ACM) project. The ACM project
is a partnership programme of coastal surveys providing long term data for coastal monitoring and
analysis. More information about the project can be found at: http://www.coastalmonitoring.
org/anglia/ and at the East Anglia Coastal Group: http://www.eacg.org.uk/.

Figure 1: The study area
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Dunwich Shingle Ridge
The study area comprises roughly 4 kilometres of East-South-East facing shingle beach in front of
marshes, transitioning into a short 750 metre sandy section at the Northern end in front of
Walberswick up to the mouth of the River Blyth. The beach was actively managed by the
Environment Agency until 2006, through re-profiling to maintain the shingle ridge from the 1950s to
2006. A policy of managed realignment was adopted following this, allowing the ridge to return to
natural processes, migrating and re-shaping itself to provide a more sustainable flood defence.
The profile of the ridge was expected to flatten and widen, creating a more resilient structure which
would habitually overtop, but breach less frequently, thus reduce the risk of significant flooding to
properties. A study in 2009 (Royal Haskoning), identified that as sea levels rise, the shingle ridge
of the beach rolls back through a cycle of shingle fans created by overwash in storm events, and
reconsolidation afterwards. Pye & Blott (2006) used historical maps to estimate a landward retreat
of the beach at an average rate of 1.0m per year, and Sear et al. (2009) state that ‘In recent
decades, the central section of the barrier has receded more quickly than the northern and
southern ends, creating a more arcuate plan form’ (p.10). This report will investigate whether this
trend is true for the past 9 years.

Data Collection and Analysis
LIDAR
This report assesses change measured by five airborne LIDAR surveys captured on the following
dates:
February 2008
November 2011
February 2013
January 2015
December 2017
LIDAR was the preferred dataset for this analysis over the walked topographic transect data due to
its increased spatial resolution and it’s two dimensional data, it also allows a 3D interpretation of
the morphology of the shingle ridge.
The LIDAR data are collected by Geomatics as part of the ACM programme. For further
information on airborne LIDAR as a method of measuring ground elevation and topographic
ground surveys for beach profiles, please see our Survey Information sheets, available from the
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project website (http://www.coastalmonitoring.org/anglia/latest/) or by request to
ACM@environment-agency.gov.uk
The LIDAR has a one metre spatial resolution. This means an elevation measurement every metre
on the ground. An interpolated Digital Surface Model (DSM) – an unfiltered representation of the
ground surface - is created from the raw LIDAR point cloud. To minimise any errors caused by
systematic offset between the two LIDAR datasets, the data are normalised based on areas of no
change such as concrete and tarmac surfaces, before any analysis is carried out.

LIDAR elevation change: Difference Models
LIDAR difference models or images visualise spatial changes in morphology between two different
LIDAR derived DSMs. We have compared changes in beach morphology between a number of
different years to check if the trends seen in the overall difference models are repeated at this
smaller scale and increase the robustness of our conclusions. For example, identifying areas of
accretion and erosion and potential sediment movement alongshore. This report presents five
difference images from the above LIDAR datasets; 2008 – 2017; 2003 – 2008, 2008 – 2011, 2011
– 2013 and 2013 – 2015.
The difference images are overlain on the 2017 aerial imagery to provide context and reference
points. Areas of accretion – positive change in elevation resulting from deposition and
accumulation of sediment – are coloured in blue, the greatest changes are represented by the
darkest shades. Areas of erosion – negative change in elevation – are graduated from yellow
(lowest erosion) to red (highest erosion). A threshold of (0 ±0.25 m), is used for ‘No Significant
Change’ and this data is removed from the outputs. This threshold encompasses the vertical
accuracy error of LIDAR products of ±0.15 m.

Topographic Data
The ACM programme collects walked GNSS topographic surveys biannually (summer and winter)
at ~1 km spacing throughout the coastline, with an archive extending back to 1991. To increase
the robustness of this analysis, the spatially corresponding topographic data profiles are used to
supplement the LIDAR analysis. Additionally, the change in gradient and steepness can be of
particular interest to coastal engineers. The accuracy of these profiles is +/-0.05m vertical and +/0.02m horizontal.
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Limitations
Though LIDAR data presents a ‘snapshot’ in time, by comparing data from multiple years, we can
observe trends in the evolution of the shingle ridge. However, shingle beaches are highly dynamic
and influenced by a variety of factors such as; meteorology, hydrodynamics, sediment supply, and
offshore bathymetry. Therefore, the morphology of the ridge could vary significantly between data
capture.
Additionally, there is a lot of ‘noise’ in the model results. These are elevation changes indicated in
the marsh immediately behind the beach and on the sea surface, particularly in Sections 3 and 6.
Likely causes include differing ground and vegetation levels due to the different growing
conditions, water levels, and geomorphological changes created by the evolution of the landscape
and the inundation of saltwater in years where storm surges occurred. The noise may obscure the
true results of the image, and should be considered when viewing the results particularly in areas
where vegetation is present.

Results
The overall LIDAR elevation changes are explored initially, before the beach is divided into six
sections to provide a more detailed examination of the spatial and temporal trends.
A large-scale difference image depicting the 9-year change in geomorphology of the entire
frontage is displayed in Figure 2. The image depicts some of the most significant trends which
have occurred between 2008 and 2017. The northern most section of beach shows erosion in the
magnitude of between 1.25 and 1.75 metres over the 9 years. This erosion continues Southward,
lessening over distance, reaching an area of little or no change roughly 2km South, in the centre of
the study area, there is erosion of the nearshore and foreshore of the beach – including the shingle
ridge – and large areas of accretion in the backshore, as the shingle ridge lowers and expands to
form shingle fans. This trend intensifies further South, showing the most significant beach loss and
highest accretion trend, suggesting a large amount of shingle movement from the ridge into the
area behind, flattening to create a lower, wider beach. Contrary to the wider trend, there is an area
of accretion starting and building as the beach moves in front of Dunwich, tying in with the
accretion trend seen further South in ‘Dunwich Shoreline Monitoring 2011-2016’ report (Anglian
Coastal Monitoring, 2016).
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Figure 2: LIDAR Difference model 2008-2017 covering the whole study area.
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Section 1
Figure 3 shows the results of LIDAR difference models in more detail, chronologically from left to
right. Please note, there was no LIDAR captured in 2015 for this section.
In this section, between 2008 and 2017 there is erosion throughout the beach, with some accretion
in the dunes in the backshore. The highest erosion is on the foreshore and nearshore, with erosion
lessening towards the backshore. There is also evidence of erosion at the small embayment at the
mouth of the Dunwich River where it meets the River Blyth at the top of the image.

Figure 3: Difference model showing elevation change for Section 1
between 2008 and 2017 and location of topographic transect SO23.
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Figure 4: Difference models showing elevation change for Section 1 chronologically (l-r); 20032008, 2008-2011, 2011-2013, 2013-2017.
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LIDAR shows there is significant erosion of the foreshore between 2003 and 2013, with a small
patch of light accretion between 2013 and 2015 (Figure 4). The backshore continues to erode
throughout, except between 2011 and 2013, which may be due to a prolonged spell of Easterly
winds in February 2013 causing rollback of dune material, moving the crest backwards to an area
which was previously lower, displayed well in the topographic data (Figure 5). The erosion trend
around the backshore then continues from between 2013 and 2015. The topographic data shows
the front peak of the dunes at the back of the beach moving inland, and lowering, explaining the
heavy erosion trend seen in the LIDAR between 2008 and 2011, and 2013-2017 (Figure 4)
indicating here the dune face is rolling back, but the dune is also narrowing. The position of Mean
High Water Springs shows a total of 18 metres landward retreat between 2008 and 2017,
approximately two meters per annum (p.a. hereon), though it should be noted there is significant
fluctuation in that time.

Figure 5: Graph of topographic survey data for profile S023
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Section 2
The overall 2008-2017 picture for Section 2 shows the general erosion trend continuing Southward
as the beach narrows. Erosion appears moderate approximately - 0.75 to -1.25 m, with the most
intense erosion just north of the narrowest frontage and along the backshore. There is a thin band
of accretion which builds Southward in a thin ridge reflecting the position of the shingle ridge as it
rolls inland, previously unseen in section 1.
As with section 1, foreshore erosion in section 2 continues to be prevalent, with 2008-2011
appearing the most significant period of erosion. The same 2011-2013 accretion pattern seen in
Section 1 continues here; a strip of significant accretion along the backshore, attributed to rollback,
petering out as the sand dunes give way to marsh and the shingle ridge to the South.

Figure 6: Difference model showing elevation change for Section 2
between 2008 and 2017 and location of topographic transect SO24.
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Figure 7: Difference models showing elevation change for Section 2 chronologically (l-r); 2008-2011, 2011-2013,
2013-2015, 2015-2017.
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Conversely, this section shows erosion between 2013 and 2017 (Figure 7), with the most intense
erosion on the newly accreted material along the backshore, though the footpath area between the
beach and the marsh remains unchanged.
The topographic data supports this (Figure 8), showing gentle erosion on the foreshore, but
interestingly, with little change to the shingle ridge. 5.5 metres of erosion can be observed along
MHWS over the nine year period (~ -0.61 m per year), suggesting change here is slower than the
more northerly section. The accretion shown by the 2011 - 2013 difference image can be identified
between 30 - 50 m chainage, most significantly in 2011, and to a lesser extent in 2013, suggesting
material being deposited at the toe of the shingle ridge, as material is pushed up the beach. This
band of accretion clearly visible in the 2011 topographic survey, however, is not visible in the 2008
– 2011 difference image. As the 2011 LIDAR was captured in November, and the topographic
survey on 19th December, this may be attributable to storm events depositing the material between
the capture dates, though this hypothesis requires further investigation.

Figure 8: Graph of topographic survey data for profile S024
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Section 3
Section 3 shows the natural re-profiling of the beach, from a steep bulldozed shingle ridge, to a
flatter wider beach with shingle fans. There is some erosion running along the foreshore, whilst
large areas of accretion show the evolution of shingle fans behind the old line of the shingle ridge,
as material is pushed backward and spread out during overtopping events.
The most significant accretion is demonstrated in the 2008 – 2011, and 2011 –2013. These areas
of shingle accretion remain visible in the 2017 aerial photography (Figure 9) indicating the shingle
is fairly stable after its deposition, with little to no change between 2013 and 2017. Erosion of the
foreshore at a smaller scale between 2008 and 2013, with erosion of the foreshore widening and
intensifying between 2013 and 2017.

Figure 9: Difference model showing elevation change for Section 3 between
2008 and 2017 and location of topographic transect SO25.
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Figure 10: Difference models showing elevation change for Section 3 chronologically (l-r); 2008-2011, 20112013, 2013-2015, 2015-2017.
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The topographic data (Figure 11) further backs the trends seen in the LIDAR data. The ridge
continues retreating landwards and widens by 2017 as seen in previous sections, despite an
advance of the foreshore at MHWS between 2008 and 2013 of 3.25 m (+0.65 m p.a.) before
retreating 7.25 m between 2013 and 2017 (-1.88 m p.a.). This reinforces the temporal variability in
the coastline, and suggests re-profiling is still very active in this section.
There is some accretion on the foreshore between 2008 and 2016, however, by 2017, the beach
profile displays retreat to the most landward position in this study period, reflecting the erosion
seen in the 2008-2017 LIDAR difference model. The accretion behind the original shingle ridge is
clear in 2016 and 2017 (5-15 m chainage). The ridge appears to reduce in height and widen to
roughly 70 m in 2017, the foreshore retreating landward (~15 m) from that observed in 2016.
The steep back-face indicates there is no shingle fan spreading at this exact location. This may be
due to the borrow dyke running behind the ridge – seen in the aerial photography – being kept
clear of material either naturally or artificially, or that the wave climate here is not as strong, so no
overtopping has occurred.

Figure 11: Graph of topographic survey data for profile S025
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Section 4
Moving South along the beach, the overall 2008 – 2017 change displays the same patterns; the
thin strip of intense (> 2.75 m) erosion, and subsequent accretion of the backshore as the material
is rolled back. This section contains a section of the Dunwich River which was re-routed in 2010, to
a new course seen on the landward side of this image, and the old course can clearly be seen
behind the current shingle ridge (Figure 12). Sections where the shingle has previously blocked the
old course of the Dunwich River can be seen in two places on the aerial photography, though no
elevation change on the southernmost fan is visible in the difference image, suggesting this
occurred prior to 2008.

Between 2008 and 2011, the most intense accretion occurs immediately behind the line of the
ridge, intensifying between 2011 and 2013, before diminishing and moving landward between
2013 and 2017. Erosion of the former shingle ridge continues throughout, lessening slightly over
time. Interestingly, the areas of most intense accretion do not necessarily align with the areas of
highest erosion on the beach. Perhaps due to the events occurring at different times as accretion
is most intense in high water levels, whilst the foreshore is reworked and redistributed under
normal tidal conditions.

RP/050/2018

www.gov.uk/environment-agency

17 of 29

Figure 12: Difference model showing elevation change for Section 4 between 2008 and 2017 and
location of topographic transect SO25.
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Figure 13: Difference models showing elevation change for Section 4 chronologically (l-r); 2008-2011, 20112013, 2013-2015, 2015-2017.
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Section 5
Section 5 shows the highest levels of erosion (> -2.75 m), across a wide section of the beach
between 2008 and 2017. Again, there is high accretion (>2.75 m) immediately behind the old ridge,
with the highest accretion occurring between 2011 and 2013, where rollback of material and
widening of the beach can clearly be seen across the whole frontage.
Accretion continues on the backshore, with slightly lower levels observed between 2015 and 2017
(Figure 15). Erosion is most intense between 2008 and 2011, diminishing over time along the
foreshore in the most recent years. Interestingly, significant erosion occurs across a wide face of
the foreshore, not just along the line of the old shingle ridge. This suggests beach material is rolling
back, widening and flattening the beach throughout this section. Though there is no topographic
survey line in this section to confirm this, the pattern is repeated in the southernmost section.
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Figure 14: Difference model showing elevation change for Section 5 between 2008 and 2017.
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Figure 15: Difference models showing elevation change for Section 5 chronologically (l-r); 2008-2011, 20112013, 2013-2015, 2015-2017.
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Section 6
Figure 16 shows the trend present in section 5 continuing into this section, before reducing to ‘no
significant change’ in the centre of the image, and building into an accretion trend at the Southern
end of the study area.
At the Northern end, there is widespread erosion of the foreshore and shingle ridge in the
magnitude of -2.74 m and -2.25 m over the 9 year period. High accretion immediately behind this,
indicates the material is rolling back. Looking at Figure 17, the northern extent of this section
shows the highest erosion is shown between 2008 and 2011 and the highest accretion in the 2011
– 2013 period. There is a slight increase in erosion between 2013 and 2017 not visible in sections
1 – 5, following lower levels observed in the 2011 to 2013 image.
Moving toward the southern extent of the study area, accretion can be seen to build and widen
across the foreshore (Figure 16). This supports the findings of the ‘Dunwich Shoreline Monitoring’
analysis (Anglian Coastal Monitoring, 2017), which also reported accretion along the foreshore in
the area immediately in front of Dunwich village. This accretion appears most intense between
2008 and 2011, and to some extent 2011 to 2013, but slowing in recent years.
There are two topographic profile locations in this section (Figure 18). S026 at the Northern end
reflects the previous trend of intense erosion of the foreshore, lowering and widening of the ridge,
and landward accretion of material well. The height of ridge lowers from 5.5 m to 3.25 m by 2017,
whilst the back face increase in height by two metres in some areas. There is 20.5 m of landward
movement along MHWS, reflecting an erosion trend of approximately 2.27 m per year. The LIDAR
reflects the spatial extent of this pattern well, though there is little sign of the slowing of accretion in
the topographic data.
Transect S027 (Figure 18) falls directly in the area of high accretion shown by the LIDAR imagery,
and confirms this change in trends compared to the rest of the study area, reflecting gradual
accretion of the foreshore between 2008 and 2017. Analysis of MHWS shows accretion of 4.75 m
(+0.52 m p.a.) between 2008 and 2017, though interestingly 2013 is more advanced at this
section, 2017 is further advanced as you moved landward up the beach, perhaps reflecting the
accumulation of material lower down the beach creating a foundation for more material to accrete
higher up the ridge.
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Figure 16: Difference model showing elevation change for Section 6 between 2008 and 2017 and location of

topographic transects SO26 and SO27.
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Figure 17: Difference models showing elevation change for Section 5 chronologically (l-r); 2008-2011, 20112013, 2013-2015, 2015-2017.
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Figure 18: Graph of topographic survey data for profiles S026 and SO27
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Summary
This analysis used the ACM’s archive of LIDAR and topographic data to determine the change in
beach geomorphology along the shingle ridge from Dunwich to Walberswick over the 2008 – 2017
period. Investigating the data it is clear there is dynamic change at the small scale in this evolving
landscape, and looking at the LIDAR data gives us a sense of the spatial extent of this change.
The return to natural processes has seen widespread lowering of the foreshore and significant
landward rollback of the shingle ridge throughout the length of the beach. This is due to the natural
re-profiling of the ridge following the cessation of bulldozing of material, with intensity varying
spatially and temporally.
Low level erosion along the foreshore seems continual throughout all sections, though the intense
erosion of the shingle ridge has slowed in recent years, indicating sediment transport may be
slowing and the ridge is beginning to stabilise in its new profile. There is also some significant
erosion along the width of the foreshore at the Northern end of the study area in Section 1 in front
of Walberswick, but here there is limited accretion behind the beach. Interestingly, at the far
Northern end, the LIDAR indicates a section of accretion immediately behind the Dune face. The
topographic data reveals this to be a landward movement of the dune crest, indicating here the
dunes are rolling back, but also may be narrowing.
Moving South to the start of the shingle ridge in Section 2, significant accretion has occurred along
the landward side of the 2007 location of the ridge, though the extent and height of this varies
spatially and temporally. Accretion on the back face is fairly constant in Sections 3-6, and can be
seen to be slowing and moving inland over time. The advantage of using a combination of data
sources can be exemplified here, as only Topographic line S025 displays the large changes to the
beach morphology in this section, whereas the LIDAR data shows the true spatial extent of this
change. The most intense accretion is between 2011-13 and 2013-15, likely due to the December
2013 East coast storm surge creating large breaches in the shingle ridge and re-working large
amounts of material over subsequent high tides in Sections 2 to 6 (inclusive). Accretion slows in
2015-2017 as the wider beach becomes more stable, and requires more energy to move material.
The most intense foreshore erosion is along the central section of the beach in Sections 4 and 5.
The most intense erosion in the central section may be due to the space to roll back created by the
marshes allowing the old bulldozed material to flatten and spread, and the vulnerability of this
section to breaching during the 2013 East Coast storm surge. Interestingly, this is not seen along
the entire length of the marshes e.g. Section 2. This may be due to the spatial variation in wave
climate and exposure to the worst storm surge conditions, or nearshore bathymetry.
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At the Southern end of the study area this pattern stops, and there is very little sediment
movement, as exemplified in survey line S027, with only some slight accretion on the front face
widening the ridge here. This ties in well with the findings of a previous Anglian Coastal Monitoring
(2016) report, and suggests there is a different sediment pattern as we move South to Dunwich
village.
The data suggests that there has been significant movement of sediment along the majority of the
length of the beach, but which varies at small temporal and spatial scales so it is important to use
the LIDAR data to provide a detailed picture. There has been significant erosion at the northern
end of the beach in front of the town of Walberswick and this should be monitored further to ensure
the beach retains its function as a popular tourism location. The shingle ridge in front of Dunwich
marshes is re-profiling, and there is significant accretion behind the 2007 location of the shingle
ridge as well as erosion of the beach in front, creating a wider, lower beach that has moved
landward. Rollback of material is continuing though slowing, and should be monitored in future
LIDAR flights. The southernmost section of the study area picks up very little movement of the
ridge, and accretion on the foreshore, indicating rollback slows and stops at this point. Further
monitoring should be conducted as the majority of the beach is still highly dynamic and mobile, and
rollback of material is still occurring, although appearing to slow in the rate.
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