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Glossary
Accretion

The accumulation of sediment on a beach by the action of
natural forces or as a result of man-made artificial structures

Bathymetry

The topographic relief of the seabed

Chainage

The distance along a topographic survey transect line,
measured in metres.

Chart Datum

The level to which all soundings on a marine navigational chart
are based

Erosion

The loss of material from a beach by the action of natural forces
or the result of man-made artificial structures interfering with
coastal processes

Fetch

The uninterrupted distance over water which the wind acts to
produce waves.

Foreshore

The area of beach lying between high water and low water

LiDAR

Light Detection And Ranging is a method of measuring
elevation based on the signal return of an emitted laser source.

Mean wave direction (Mdir) Mean direction is the average or main direction from
which waves have come, measured over a period of time.
Mean wave period (Tz) Also referred to as the zero crossing period, a description of
the average wave period over a duration of time.
MHWS

Level of Mean High Water Spring tides

MHWN

Level of Mean High Water Neap tides

MLWN

Level of Mean Low Water Neap tides

MLWS

Level of Mean Low Water Spring tides

Ordnance Datum

The mean sea level (as derived from 6 years of observation at
Newlyn, Cornwall) used as a datum for calculating the absolute
height of land on official British maps.

Peak wave period (Tp) The wave period (time for two successive waves to pass a
point) associated with the largest wave energy, obtained from
the spectral "peak frequency" i.e. the frequency band that has
the largest energy.
Renourishment

A management practise of adding to the natural amount of
sediment on a beach with material from elsewhere. This is also
known as beach replenishment, recharge or feeding.

Significant wave height (Hs) Statistical calculation of Hm0 taken from the spectral
analysis to describe the average wave height.
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1 Introduction
1.1 Aim
The aim of this report is to present survey data collected along the Norfolk coast from
Wells-next-the-Sea to Blakeney Point and to provide an evidence-based assessment of
beach stability and movement.

1.2 Background
The Environment Agency (EA) Shoreline Monitoring Group (SMG) leads the Anglian
Coastal Monitoring (ACM) project undertaking regular strategic coastal monitoring of
the Anglian coast since 1991. The rationale behind the programme is to assist the
implementation of appropriate and sustainable works on the coast, whether these are
works undertaken by the EA or coastal protection partners, for the purpose of flood and
erosion risk management. In addition, a further output from the monitoring programme
is the assessment of coastal dynamics to inform long-term strategic plans for the
coastline. The vehicle for this is the Shoreline Management Plan (SMP) process and
the specific strategies and projects along the coast that deliver and implement the
requirements of the SMP.
Undertaking monitoring activities on the Anglian coast provides survey datasets and
enables improved understanding which benefits forecasting of morphodynamics and
planned management actions. Coastal survey data gathered as part of the ACM is
available from the SMG and can be requested by emailing ACM@environmentagency.gov.uk. Survey data used in this report are outlined in section 1.3.

1.3 Survey data
1.3.1

Topographic surveys

Topographic surveys are elevation measurements taken along a defined transect line.
The transect runs from an established marker along a bearing relative to Grid North. A
surveyor walks the transect line with a GNSS staff taking elevation measurements at
regular intervals or at every change in substrate or gradient.
As part of the ACM programme, since 1991 bi-annual topographic surveys have been
carried out every summer and winter at 1 km intervals along the Anglian coastline.
There is now a continuous record of beach levels spanning over 20 years. In specific
‘monitoring cells’ the frequency of surveys, or the number of transects within the area
may be increased depending on projects or the dynamic nature of the frontage.
From Holkham to Cley there are five monitoring cells in addition to the 22 strategic
Norfolk surveys. At Holkham Bay, Wells to Blakeney and at Blakeney Point additional
survey lines were included in the programme in 2011. At Wells Harbour, a series of 18
transects have been surveyed along the west bank of the harbour to monitor stability of
the bank and the defence as a result of the pontoon and jetty development in 2010. At
Cley, the active management and subsequent natural management of the shingle ridge
has been monitored since 2004 with transects every 200 m along the frontage to
Weybourne.
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Monitoring cell
Norfolk (1km)
Holkham Bay
Well Harbour
Wells – Blakeney
Blakeney Point
Cley-next-the-Sea

Transect ID
N
HK
WE
WS
BP
CY

Survey history
August 1991 – March 2013
August 2011 – March 2013
January 2010 – March 2013
August 2011 – March 2013
August 2011 – March 2013
September 2004 – March 2013

Table 1.1. Table of Monitoring cells around Wells-next-the-Sea and details of the topographic
surveys at each

1.3.2

LiDAR surveys

As part of the ACM project, a LiDAR survey of the Anglian coast was carried out over
the winter of November 2012 to March 2013. The EA Geomatics’ LiDAR system is
fitted to an aircraft and measures elevation of the ground surface based upon the
return signal of an emitted laser source. The technique does not have the same degree
of accuracy as walked topographic surveys but it can deliver an achievable vertical
accuracy of +/- 6 cm. LiDAR surveys provide full coverage of the frontage and serves
to fill areas of beach between topographic transects and allows for the creation of
digital terrain models (DTMs).
For this report the 2012 survey data was compared to historic surveys held in the EA’s
national archive. The historic data are of varying resolution and coverage of the area.
Year of survey
1999
2006
2008
2012

Resolution
2m
50 cm
25 cm
1m

Table 1.2. Table of LIDAR survey data used

1.3.3

Aerial photography surveys

The ACM programme has carried out aerial photography surveys of the coast every
summer since 1991. The imagery was initially black and white film prints and has
progressed to full colour including near infrared, 20 cm resolution, digital orthorectified
imagery from which real world measurements can be made. The imagery is a valuable
record of historic change of the Anglian coast. It can also be of use in interpreting
features identified in the LiDAR and topographic surveys.

1.3.4

Wave monitoring

The Blakeney Overfalls Waverider buoy (NWB1) is situated just to the north east of
Blakeney Overfalls at 53° 3’23.76”N, 001° 06’39.96”E. The buoy is located 10 km
offshore and in the deep water between the Overfalls and Sheringham Shoal. The
depth where the buoy is moored is 23 m CD.
The directional waverider buoy records wave data every half an hour based on
averaged measurements over the previous 19.2 minutes. The buoy measures wave
height, direction, period and sea temperature. These measurements are transmitted by
satellite and HF radio providing real-time wave observations. This report uses the
quality checked logger data recovered from the buoy’s last deployment from December
2011 to November 2012.
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1.4 Study area
The information presented here is the result of data collected along the Norfolk coast
from Wells-next-the-Sea to Blakeney Point. The ACM programme surveys discrete
monitoring cells at Holkham Bay to the west, Cley-next-the-Sea to the east and Wells
Harbour, Wells – Blakeney and Blakeney Point within the study area (Figure 1.1).
Within these cells, four study areas were identified where repeat LiDAR coverage was
available which could be compared through difference models.

Figure 1.1. Map showing the Monitoring cells around Wells and Blakeney, the locations of
surveyed transect lines and the specific study areas focussed on within the report

The eastern side of the study area features the barrier spit of Blakeney ridge. Similar to
Scolt Head Island to the west, the sand and gravel feature provides shelter for an
extensive area of saltmarsh and network of creeks and lagoons. Blakeney Point is
progressing westerly with vegetation establishing over time as the spit extends.
The north facing orientation of the coastline makes the frontage exposed to northerly
and north easterly waves and vulnerable to North Sea storm surges. However, the
frontage is relatively stable with extensive sand and saltmarsh areas. The frontage is
offered a level of protection by the Sheringham Shoal offshore bank to the north east,
Stiffkey Overfalls to the north west in Holkham Bay and Blakeney Overfalls to the north.
The spit, extensive beaches (such as Bob Hall’s Sand and West Sand) and saltmarsh
(including Warham Salt Marshes and Stiffkey Meals) provide a good natural defence to
wave action and flooding. Much of the frontage is backed by dunes. There are earth
embankments and at Wells the large west bank runs into the harbour. At the Lookout
station there is a gabion revetment wall and series of timber groynes that line The Run
channel as it cuts through the beach. Between Cley-next-the-Sea and Weybourne the
Coastal Morphology Report, Wells - Blakeney
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shingle ridge protecting the inland marsh was reprofiled annually; this practise stopped
in winter 2005 and the ridge has been allowed to manage itself taking a wider, flatter
profile.
Wells-next-the-Sea and the harbour is situated to the south of the inlet that cuts into the
eastern edge of Holkham Bay. To the east of Wells Harbour is an extensive area of
saltmarsh and the town of Blakeney. From here, Blakeney Harbour runs out and
around the tip of Blakeney Point.
The North Norfolk coast has a number of designations including Special Area of
Conservation (SAC), Special Protection Area (SPA), Ramsar site, Site of Special
Scientific Interest (SSSI) and a North Norfolk Area of Outstanding Natural Beauty
(AONB).These designations cover the study area to 1 km west of Weybourne and up to
the Mean High Water Spring mark. Between Wells and Blakeney is the Holkham
National Nature Reserve (NNR) and Blakeney Point is also has an NNR.

Photo 1.1. Seals on Blakeney Point, 10 April 2013. (Photo: Environment Agency)
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2 Survey analysis
2.1 Wells Harbour
The harbour at Wells-next-the-Sea is situated by the town at the southern end of Beach
Road. The channel is flanked on the west by The Bank and to the south by Wells Salt
Marshes. The marsh is an expansive area of saltmarsh habitat, tidal ponds and a
network of creeks such as Stonemeal Creek and East Fleet, and dune systems to the
north. The marshland spreads into Lodge Marsh on the point at Big Gap and Bob Hall’s
Sand and Warham Salt Marshes to the east.
The 18 topographic transects that run from the west bank into the harbour inlet channel
are of a sufficient proximity to interpolate between survey profiles. This allows the
creation of a surface model of the area, which can be compared each year to assess
change. There were three years of LiDAR survey coverage of the harbour area,
allowing assessment of the differences between the DTM created from the 2012 survey
and those of 2008 and 1999.
The aerial photography surveys show that saltmarsh and associated channels have
been stable with only the natural variability expected of such a habitat. The most
significant change in the area has been the construction of a jetty and dredged outer
harbour area at the north of The Bank in 2010. Since the initial construction, the jetty
banks have been reprofiled and defined; it is now 4.3 – 4.7 m high. The construction of
the jetty is clearly visible in the difference model of the 2012 and 2008 LiDAR surveys
(Figure 2.2 label A). The outcrop on the south side of the Lifeboat station has accreted
in the last few years. However the photography shows this is not to the extent that
existed in the early 1990s. Changes to the north side appear insignificant, and it is
assumed the outcrop will be artificially regulated through dredging the new jetty area.
Prior to the jetty, access to The Run was around The Pool and the east, alongside the
saltmarsh and the mudflat of the Big Gap, or along The Bank and over the sand past
the Lifeboat station, which the jetty now blocks. The channel out of Wells appears
relatively stable with no evidence of erosion to the eastern bank. The channel currently
meanders back to the south before flowing round The Pool and the Lifeboat station,
this meander has cut further north towards the jetty in the last few years. This may be
the natural flow path along The Bank before it is redirected around the sand flat. This is
reflected in the topographic surveys and the LiDAR difference models. The sand bank
north of the channel is lowering as the channel moves north with a build up of sand to
the south. The archived LiDAR also shows an overall loss of sediment south of the new
jetty along to the town and harbour. This sediment could be building up on the
saltmarsh edge where the topographic difference models show thin areas of
accumulation (Figure 2.1).
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Figure 2.1. Difference model showing changes in elevation from the 2013 and 2010
topographic surveys at Wells Harbour (WE)
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A

Figure 2.2. Difference model from the 2012 and 1999 LiDAR surveys at Wells Harbour
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2.2 West Sands & Bob Hall’s Sand

Figure 2.2. Map of The Run that feeds into Wells Harbour, Bob Hall’s Sand and West sands

The time series of aerial photography (see Appendix) shows the movement of The Run
channel flowing out into the sea. The sands, especially the alongshore ridges are
highly variable, however overall the area shows a stable trend with no significant
erosion or growth in the beach width.
In this study area LiDAR data from 2008 are available for comparison to the 2012
survey. The patchy coverage shows a general lowering of elevation, widening of the
channel and a significant deepening of The Run. The channel at label B in Figure 2.6
has increased from approximately -1.31 m in 2008 to -1.46 m depth in 2012.
There are three topographic transects surveyed within this area. N025 has been
surveyed since 1991; it runs to about 2000 m out to the MLWS. Figure 2.4 (overleaf)
shows the loss of sand from the dune ridge at West Sands. It also shows the variability
of the beach extent and ridges and runnels in the lower beach.
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Figure 2.3. Trend plot showing erosion (red) and accretion (green) of topographic surveys at
transect N025 compared to a baseline survey in January 1992 (grey)

Transect HK118 has only been surveyed since summer 2011. This transect crosses
the channel, which can be observed at 600 m and then 1200 m chainage. In March
2013 the survey stops at the channel that has now moved round to the east and flows
out to the north east. Prior to this the three surveys in 2011 and 2012 show an annual
erosion and landward shift of the shoreline. The change in elevation along the transect
in these years is considered to be insignificant and associated with the natural
movement of the beach ridges and the channel.

Figure 2.4. Cross section plot showing the five select topographic surveys to at transect N026
located at Bob Hall’s Sand. The plot shows growth in height of the mid beach from 1992 (blue)
and 2013 (pink). The plot also shows beach retreat at the seaward edge.

Transect N026 is to the east of The Run channel on Bob Hall’s Sand (see Figure 2.3).
Since 1991 there has been a build up in the sediment from 500 m to 1500 m chainage.
However the beach extent has been eroding, Figure 2.5 shows that along the -2 m
elevation the beach has retreated by 450 m from January 1992 to March 2013. The
LiDAR data coverage just west of N026 also shows an overall loss across Bob Hall’s
Sand.
From the Look out station west along West Sands there is a narrow upper beach berm.
The 2012-2008 LiDAR difference model shows growth in the dunes at West Sands and
Coastal Morphology Report, Wells - Blakeney
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around transect N025. The LiDAR survey in 2008 shows that the upper beach West
Sands is extending, the beach at label C has accreted by 1.77 m (Figure 2.6). However
there is loss of sediment in front of the groynes at the Lookout station and down to the
channel (label D, Figure 2.6, overleaf), which is shown to have deepened in the range
of -2.5 to -5 m.

Photo 2.1. View across transect N026 of the lookout station and defences backing the beach,
30 August 2011. (Photo: Environment Agency)

Photo 2.2. Aerial view looking towards Wells, 10 April 2011. (Photo: Environment Agency)
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B

D

Figure 2.5. LiDAR difference model, showing changes in 2012 from 2008

2.3 Wells to Blakeney (Holkham National Nature Reserve)
There is little LiDAR survey coverage of the beach frontage between Wells and
Blakeney Harbour. A small overlap of the 2008 and 2012 surveys show a widening of
the channel running through the beach and transects N030 and N031, and a build-up
of the adjacent sand flat. The 1999 survey covers some of the saltmarsh backing the
sandy beach. The model from these data shows an increase in the elevation of
saltmarsh with a deepening of the creeks and channels cutting through it. There is also
an increased elevation at the saltmarsh edge, this is most likely due to the sand
Coastal Morphology Report, Wells - Blakeney
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accumulation of wind blown sediment being captured on the saltmarsh fringe. The
photography time series indicates that this is not growth of the saltmarsh extent as the
saltmarsh is either stable or being eroded, especially at transect WS030 between N028
and N029.
The beach at transect N027 has eroded over the last year. The marsh land and beach
had shown an accretion of sediment in the September 2012 survey, when compared to
the winter survey of March 2012. However since then, as shown in the March 2013
survey, this additional sediment has gone and there is less beach than the previous
year. This loss has been the result of some erosion of the lower beach ridges and
beach extent. The beach profile has shown an overall increase in elevation since 1991,
but the overall change is quite insignificant, around 30 cm on the flat mid beach section
from 1991 to 2013. The loss on the mid beach in the last year has been of the same
magnitude as this historic trend. At N028 the beach has also seen a shift at the lower
levels, yet above the high water level it has accreted sediment. The sediment may
have come from the beach to the west around N027, but again the volumes described
are not large.
At N029 and N030 the beach has remained stable, there has been no more variability
in the beach extent and lower beach ridges that in previous years. There is a
noticeable trend of a thinning from the landward side of the alongshore ridge at the low
water over the last 4-5 years.

Figure 2.7. Cross section plot showing the beach profile at transect N030, from the last three
surveys

To the east there has been more variability in the lower beach at transect N031. The
beach is stable across the West Sand and the Cabbage Creek can be seen cutting
through the beach profile at about 1600 m. Seaward of the creek the High Sand flat a
continued regression of the ridge can be observed. This ridge has been moving
landwards since 2009, and various ridges have formed and flattened again on the High
Sand over the survey history.
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Figure 2.8. Cross section plot showing the beach profile at transect N031, from the last three
surveys

Transect N032 runs to the west of Blakeney Harbour and the spit. The surveys over the
last year show an erosion of some of the sand ridges yet an overall accretion along the
beach, suggesting this sediment is being spread along the profile. There has been a
trend over the years of erosion at the shoreline and a reduction in the beach width.

Figure 2.9. Plot of the last three topographic surveys at N032. The plot shows the changes
(green - accretion, red – erosion of sediment)of the last two surveys compared to the baseline
(grey) in March 2012.
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2.4 Blakeney Point
There is no LiDAR data on the landward side of Blakeney Point before the 2012 survey
and therefore no coverage around Simpool or Blakeney Pit. However, there are
surveys of the spit in 2006 and 2008 that extend as far as Blakeney Channel south of
the nature reserve.

Figure 2.0. Aerial photograph of Blakeney Point in 1992

14
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Figure 2.11. Difference model of changes in elevation between 2012 and 2008 LiDAR surveys
(overlaid on 2012 photography)

Photo 2.6. Blakeney view across the spit and out to sea, 10 April 2013. (Photo: Environment
Agency)

On the point the beach is comprised of sandy-gravel alongshore ridges. The point itself
is more sandy and, as can be seen in the photography time series (Appendix figures),
Coastal Morphology Report, Wells - Blakeney
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is dynamic. New limbs develop and under the influence of the channel curve inland.
Over time the mudflats and sandbanks become established and vegetated. The spit
grows out into the Blakeney Harbour channel but is regulated by the channel flow. The
channel mouth has migrated to the east and as it has the north west side of Blakeney
Point has also eroded. The LiDAR difference models from 2006 and 2008 compared to
2012 (Figure 2.11) shows the formation of a crescent embayment in recent years as
the channel meanders before flowing into the sea. However where the channel has
moved towards the spit, the western bank has grown. In the 1990s there were two
distinct channels flowing out from the Harbour.
The aerial photography is flown every summer during a Mean Low Water Spring
(MLWS) tidal window. However there is a difference in tidal state and drainage of water
in the imagery. It is therefore difficult to infer too much detail about sediment build up
from the photography.

Figure 2.2. Map showing the location of transects on Blakeney Point

There are a series of topographic transects, spaced at approximately 400 m intervals
along Blakeney Point. In the Blakeney Point monitoring cell transects BP001 and
BP012 are the closest to the end of the spit. The BP transect surveys were
commenced in 2011, but BP001 and BP012 have only been surveyed since 2012, a
total of three times. Surveys from September 2012 and March 2013 show there has
been an accumulation of sediment alongside the Blakeney Harbour channel (Figure
2.13). There is no data for this area in March 2012.

16
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Figure 2.3. Cross section plot the beach at transect BP001 over three topographic surveys.

Figure 2.4. Cross section plot the beach at transect BP012
over three topographic surveys.

Surveys of transect BP012 shows the erosion of the north west face of the spit as the
channel meander cuts out a crescent from the point. The beach has lowered but the
extent of the spit has remained stable. The dune ridge on the upper beach also
remains unchanged and stable.
N033 is one of the Norfolk transects that has been surveyed since 1991. N033 runs
from the dunes along a north west bearing to the growing limb of sand that is
developing across the Harbour channel. The profile again shows the stability of the
vegetated dunes in recent years. Since 1991 the spit has grown out over 300 m at this
point. Over the last year the beach has increased in elevation, but is currently lower
than the beach was in 2011.
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2.5 Wave climate
North easterly waves have a relatively long fetch to develop over as they propagate
through the North Sea and therefore waves reaching the North Norfolk coast are
relatively high for the Anglian coast. The shallower banks flanking the Blakeney
Overfalls waverider buoy provide some shelter to this exposed north facing coast.
In the year analysed there were eight occurrences of waves over 3 m in height, with
four of these waves over 3.5 m. These high wave events all occurred in the stormiest
time of year, the first in January and then within April and March time. The main wave
direction over the years is the north to north north-east. This is consistent with the first
two of the highest wave events. However for the last two in April, including the largest
storm event of the year, the waves came from a more north easterly direction. A north
easterly wave direction will move sediment along the spit, and over the year incoming
waves will have influenced the beach profile and extent. However the average wave
heights recorded in 2012 are not usual for those logged at the Blakeney Overfalls buoy.
Date
16:30 05/01/2012
04:00 05/03/2012
08:30 04/04/2012
00:30 29/04/2012

Hs (m)
3.53
3.75
3.55
4.05

Tp (s)
8.3
8.3
8.3
8.3

Tz (s)
5.71
5.77
6.29
6.67

Mdir (°)
353
347.3
63.3
59.1

Table 2.1. Occurrences of high wave events that exceeded 3.5 m (Hs). The highest wave of the
event has been logged with associated period and direction

Figure 2.5. Significant wave height at the Blakeney Overfalls (NWB1) wavebuoy from
December 2011 – November 2012
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Figure 2.6. Direction wave plot for the Blakeney Overfalls (NWB1) wavebuoy from December
2011 – November 2012
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3 Summary
The survey data covering the frontage from Wells-next-the-Sea to Blakeney is a good
indicator of the current state of the beach, saltmarsh and channel systems and the
nearshore wave climate. It also provides a picture of historic trends and how the
coastline is developing over time. Despite the observed increase in sediment at
Blakeney Harbour, the morphological trends in the area have not varied in the last
year.
There is however a lack of survey coverage landward of Blakeney Point where mussel
beds are located and an increase of sediment has been observed. There is LiDAR
coverage of the area following the 2012 survey and the area will be programmed into
future surveys to ensure there is a repeatable survey that can be compared. The wave
direction and wave heights observed over the year from December 2011 to November
2012 are also not unusual, with waves of around 4 m being observed every year since the
wavebuoy has been in situ. It is feasible that as the spit is currently extending across
the Blakeney Harbour channel that high northerly, north-easterly waves are washing
sediment from the spit and that the tide is then carrying it down the channel. However
there is insufficient data to verify this. It may be that sediment from the south side of
Blakeney Point has migrated south where the mussel beds are. There have been
especially strong easterly winds in the early months of 2013. Further investigation of
the possibility of windblown sediment, would be to use the meteorological data from the
UK Met Office station at Weybourne over the last 2-3 years.
The frontage from Wells to Blakeney is a wide sandy beach backed by saltmarsh. The
area provides some shelter from the offshore banks and dune ridges have
subsequently formed along this stretch. The historic trend here has been a stable
coast, and there has been no significant change to this in the last few years.
On the sands outside of Wells the historic LiDAR differences indicate a lowering of
elevation but the topographic transects show areas of growth. The alongshore ridges
are a feature of this frontage, they vary both annually and seasonally and so there is a
difference in the overall beach width over successive surveys. Closer to the pines on
West Sand the upper beach berm is showing accretion. However The Run channel
flowing out from the harbour has deepened due to the dredging activity.
A new outer harbour jetty was constructed in 2010, this included build up of a jetty arm
and dredging of the new harbour area and channel leading out of the channel. To the
south of the new jetty the channel flow along the west bank has been blocked and the
channel flows round to the eastern side of the harbour at The Pool. The historic LiDAR
shows the sand and mudflats to the south have shown an overall loss of sediment. The
topographic surveys since the construction also evidence this trend, although they do
also show the build up to the bank off the jetty, as the channel meanders further north.
The surveys also indicate a growth to the saltmarsh fringe in the harbour.
The Anglian Coastal Monitoring project will continue to survey this frontage, to allow
future analysis of developments. Real time wave data for Blakeney Overfalls are
available from the WaveNet website (http://cefasmapping.defra.gov.uk/Map). Aerial
LiDAR and photography surveys will ensure that there is coverage of the area landwards
of Blakeney Point in the future. Repeat LiDAR surveys will allow for difference
modelling and the identification and measure of change in this area.
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Appendix separate from this report
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The image part with relationship ID rId2 was not found in the file.

