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We are the Environment Agency. We protect and improve the 

environment.  

We help people and wildlife adapt to climate change and reduce its 

impacts, including flooding, drought, sea level rise and coastal erosion.   

We improve the quality of our water, land, and air by tackling pollution. We 

work with businesses to help them comply with environmental regulations. 

A healthy and diverse environment enhances people's lives and contributes 

to economic growth.  

We canôt do this alone. We work as part of the Defra group (Department for 

Environment, Food & Rural Affairs), with the rest of government, local 

councils, businesses, civil society groups and local communities to create a 

better place for people and wildlife.  
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1. Introduction 
The East Lane Bawdsey study site is located on the Suffolk coast, north of Felixstowe. The coastline is 

comprised of soft cliffs, with an established history of erosion. Steps have been taken to address the 

coastal management needs of the site, with the most significant change being in 2008 with the 

installation of rock armour around the Martello Tower headland and the construction of a terminal 

groyne.  

Local stakeholders have raised concerns that the rate of erosion is accelerating, and that erosion is 

moving in a northward direction. Northward erosion has the potential to outflank existing defences and 

threaten local property, including Martello Tower W, which has historical significance. 

This report aims to assess the rate of erosion at the site and how this has changed over time. The 

contemporary rate of erosion will then be compared to the projected erosion rates from the Shoreline 

Management Plan (SMP). Particular attention is given to the bay behind the terminal groyne in order to 

assess the risk of northward movement beyond the defence line. Additionally, the report aims to 

identify any hydrodynamic processes which may have influenced the pattern of erosion observed in this 

area.  
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2. Methods 
The area of interest for this study is shown in Figure 1. Analysis has been conducted for this area as a 

whole. However, additional interpretation has been completed in Zone A in order to assess the 

northward progression of erosion and the health of the Martello Beach area behind the terminal groyne. 

Figure 1 - Study sites. The wider area shown in black was used for data collection. Zone A (red) contains 
the priority area at Martello Beach 
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A range of data types have been included in this analysis; these datasets are available at 

coastalmonitoring.org: 

¶ Aerial photography (2011 ς 2021) 

¶ Aerial Lidar (winter 2012/13 ς winter 2020/21) 

¶ Topographic Survey data (Summer 1991 ς summer 2021) 

Additionally, ACM conducted a drone survey on 29/03/2022 in order to obtain the most recent 

condition of the active cliffs. This collected High resolution photography, Lidar and photogrammetry 

derived elevation datasets.  

 

2.1 Cliff line analysis 
The cliff top for each year in analysis was digitised from aerial photography at a 1:200 scale. The same 

analyst digitised all datasets in order to reduce any error introduced through the subjective nature of 

determining the cliff top. All Aerial Photographs used for this analysis were collected by the EA in the 

summer. Each monitoring epoch is assumed to run from May to May. 

The Digital Shoreline Analysis System (DSAS), an add into ArcMap, was used to assess the movement in 

cliff top position over time. This system casts transects parallel to a baseline which was digitised just 

inland of the current coastline. Transects were cast with a spacing of 25m, resulting in 26 transects used 

for analysis. The distance between the baseline and the cliff line is then measured and used to produce a 

range of metrics describing the rate of change over the analysis period. An example of this process is 

shown in Figure 2.  

These transects have no relation to ACM transects used for topographic profiling. 

 

Figure 2 - Shoreline and baseline shapefiles, DSAS-generated measurement transects. The measurement distance from the 
baseline to each intersect point is used in conjunction with the corresponding shoreline date to compute change rate statistics 
(Himmelstoss, E.A et al, 2021) 
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2.2 Lidar analysis 
Lidar data has been routinely captured by ACM along this section of coastline since 2012.  

The Aerial Lidar data has a spatial resolution of 1m, and the drone based lidar outputs have been 
resampled to 1m. This means that each pixel value represents the elevation from one square meter of 
land. Analysis of error in the data found mean error to be less than 0.1m when comparing the different 
Lidar datasets at known constant locations.  
 

¢Ƙƛǎ ǊŜǇƻǊǘ ŘŜŦƛƴŜŘ ŀƴŀƭȅǎƛǎ ŜȄǘŜƴǘǎ ŦƻǊ ǘƘŜ [ƛŘŀǊ ǘƻ ǇǊŜǾŜƴǘ ǘƘŜ Ǌƛǎƪ ƻŦ ŎƻƳǇŀǊƛƴƎ Ψƴƻ ŘŀǘŀΩ ǾŀƭǳŜǎ ǿƛǘƘ 
measured values, which would falsely suggest change. The landward extent of analysis is a digitised line 
just inland of the 2022 cliff top position. The seaward extent of analysis is the Mean Low Water (MLW).  
Change analysis was performed by subtracting the older image from the newer image to calculate the 
difference in elevation. This process is demonstrated in Figure 3, where each pixel value from InRas2 
(the earlier Lidar image) is subtracted from the corresponding pixel value from InRas1 (the 2019/20 
Lidar) to produce a continuous surface of change values (OutRas).  
  

 

 

2.3 Topographic analysis 
Topographic profiles are provided at 5 locations in the study site. These profiles are collected biannually 

and have been used to compare and validate the findings from the cliff line analysis described in section 

2.1. The locations of the Topographic profiles used are shown in Figure 1. The strategic profile S064 falls 

just to the south of the study area but has a much longer data archive, stretching back to 1991. This 

profile has been included to place the trends observed in the context of long-term change. Summer 

profiles have been used to assess year to year changes, as these tend to show less influence of erratic 

winter storm events. 

 

  

Figure 3 - Visual Representation of the Lidar change analysis method 
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3. Results and Interpretation 

3.1 Cliff line Analysis 
Two of the available statistics from DSAS have been used in this study. Linear regression rate (LRR) has 

been calculated for each transect for the 2012 ς 2022 and 2018 ς 2022 epochs. This measure uses all 

available datapoints to calculate the rate of erosion over the epoch. The long-term trends are shown in 

Figure 4 and Table 1.   

An increase in the average rate of erosion is visible across all transects between the long term and short-

term rates with the rate doubling in some areas. The average rate of erosion across the whole study 

area was 1.73m/yr between 2012 and 2022, increasing to 3.92m/yr for the 2018-2022 period. These 

rates both exceed the guidance and high rates of erosion predicted in SMP2 (with present management) 

of 1.13m/yr and 1.69m/yr respectively (Royal Haskoning, 2009). The SMP2 erosion values are taken 

from chainage 67, which is situated just to the south of the site, near profile S064 presented in section 

3.3.  

There is also spatial variation in the rate of erosion, which is particularly evident in the colours of the 

transects seen in Figure 4. The long-term rate of change is significantly lower to the north of the study 

area, with Transects one to ten showing a rate of change less than 2m/yr. This suggests that the coastal 

defence works are having an effect in reducing wave energy and so reducing erosion. Unsurprisingly, the 

protection is greatest for the cliff within the bay with transects one to five showing an average of 

0.6m/yr erosion or less. 

The highest rates of erosion between 2018 and 2022 are Transects 11,12,19 & 26, which all have a rate 

exceeding 5m/yr. However, the 2012 ς 2022 average rates for these transects are not significantly 

higher, and in some cases lower than the surrounding transects. The cliff line at these transects 

protrudes slightly, encouraging increased erosion as the forward part of the cliff ΨŎŀǘŎƘŜǎ ǳǇΩ ǿƛǘƘ ǘƘŜ 

surrounding areas. Therefore, the highest rate of erosion is likely to move around the study area over 

time as the cliff erodes unevenly. 
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Table 1 - LRR rates of change in clifftop position across two epochs.  

Transect 
ID 

Average rate of change in 
cliff position (m/yr) 

2012 - 2022 2018 - 2022 

1 N/A -2.88 

2 -0.42 -2.56 

3 -0.60 -2.42 

4 -0.58 -1.86 

5 -0.84 -3.03 

6 -1.11 -3.60 

7 -1.21 -3.81 

8 -1.35 -3.24 

9 -1.83 -3.76 

10 -1.88 -4.18 

11 -2.43 -5.47 

12 -2.22 -5.30 

13 -2.21 -4.46 

14 -2.31 -4.28 

15 -2.57 -4.97 

16 -2.24 -4.48 

17 -2.16 -3.95 

18 -2.49 -4.02 

19 -2.33 -5.23 

20 -1.78 -3.32 

21 -2.07 -3.58 

22 -1.73 -3.68 

23 -2.70 -4.57 

24 -2.31 -3.93 

25 -2.26 -4.09 

26 -1.77 -5.35 
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 Figure 4 - DSAS generated transects and LRR calculated rate of erosion between 2012 and 2018 (m/yr). Background EA Aerial 
photography captured 2021. 
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Further insight into the variability of erosion rates is found by assessing the year to year erosion rates. 

Figure 5 shows rates of change in cliff top position for one year periods from 2012 to 2022 using the End 

Point Rate (EPR) statistic from DSAS. This measure divides the distance between two cliff top positions 

by the length of time between them to give a rate of change in meters per year. This method only 

considers the start and end points of the time period so is better suited to short analysis periods. The 

average across all profiles is shown in addition to the annual rate for the transect with the highest 

erosion. 

Erosion is apparent throughout the analysis period however the rate of erosion is highly variable. From 

2012 to 2018 the average annual rate of erosion is under the low predicted erosion rate from SMP2 of 

0.88m/yr (Royal Haskoning, 2009) except for 2013-2014. There are also years with notable spikes in 

erosion. These spikes are particularly clear for 2013 - 2014, 2019 ς 2020 and 2021 ς 2022 which all have 

average annual erosion rates exceeding 5m. It may be possible that specific conditions/events cause the 

rate of erosion to increase before the rates return to a steady base level. This can be supported by the 

high erosion rates which indicate that localised areas are subject to significant loss within a single year, 

which is unlikely to happen under prevailing sea conditions.  

Excluding the three more extreme years of erosion shows a pattern of lower erosion although this too 

has seen some acceleration with 2018-2019 and 2020 ς 2021 showing approximately 1m/yr more 

erosion than the previous 5-year monitoring period. 

Comparison photography showing the 2012 and 2022 cliff positions is shown in Figure 6 and 

demonstrates the impact of the high erosion rates. This area covers Transects 18 to 20 as seen in Figure 

4, which has suffered some of the highest long term erosion rate in the study area. This figure highlights 

the impacts of erosion with a loss of agricultural land clearly seen between the two images. The same 

comparison is shown in Figure 7 for Zone A, focussing on the lower erosion area and the Martello Beach. 

The beach behind the coastal defence appears to be relatively stable. The drone imagery used for the 

2022 image was captured close to high tide due to safety requirements so less beach is exposed. 

However, the high tide level is also visible in the 2012 images and is in a similar location. The shape of 

the bay has opened over time, with greater erosion visible to the south as the benefits of the defence 

structure is reduced.  
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Figure 5 - End Point Rate (EPR) of clifftop position change. The average for all transects (orange) is shown in addition to the 
transect with the highest rate of erosion (blue). No data was available for 2017 so the change between 2016 and 2018 is divided 
by two to give an annual rate. 
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Figure 6 - Comparison of aerial photography between 2012 (top) and 2022 (bottom) 
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Figure 7 - Comparison of aerial photography for Zone A between 2012 (top) and 2022(bottom) 
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3.2 Lidar Analysis 
Changes in beach elevation are most clearly seen in the lidar analysis due to the higher spatial resolution 

available. The overall change between 2012/13 and 2020/21 (Figure 8) shows the retreat of the cliff in 

the dark red area where over 4m elevation loss is observed. The beach in front of the cliff consistently 

shows erosion indicating that the sediment supply from the cliff is not being retained as beach material. 

The seaward edge of the image shows no significant change in the long term and photography shows 

beds of exposed clay. This is consistent with previous studies which found the cliffs to be underlain by 

London Clay (Halcrow, 2011). This layer is only exposed at low tide and so is protected from much of the 

erosive wave action. The more recent change images (Figures 9 & 10) show a very similar pattern, 

showing the long-term trends remain stable. 

The Martello Beach area (Zone A) shows similar patterns across all time periods analysed. A gravel berm 

is visible in the images (Figures 11 ς 13). The absence of colour on the crest of the berm suggests that its 

height is stable.  Behind this, sediment is retained on the backshore which is seen as low levels of 

accretion. In front of the berm, erosion can be seen suggesting that the seaward face of the berm is 

steepening. Figure 13 does show some accretion on this face however the longer-term images both 

show an erosional trend meaning that this sediment is likely to be drawn offshore soon.  

There are some artifacts in the data over the rocks which form the terminal groyne. These are a result of 

the complex surfaces seen and are not true measurements of change. Additionally, Figure 13 shows an 

area of erosion along the footpath which is likely to be largely due to human activity in accessing and 

using the beach rather than coastal processes.  
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Figure 8 - Lidar derived elevation difference 2012/13 - 2020/21 
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Figure 9 - Lidar derived elevation difference 2017/18 - 2020/21 
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Figure 10 - Lidar derived elevation difference 2020/21 - 2022 



20 
 

Figure 11 - Lidar derived elevation change (Zone A) 2012/13 - 2020/21. The pixelated areas on the rocks of the 
terminal groyne should not be considered reliable measurements 
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Figure 12 - Lidar derived elevation change (Zone A) 2017/18 - 2020/21. The pixelated areas on the rocks of the terminal groyne 
should not be considered reliable measurements 
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Figure 13 - Lidar derived elevation change (Zone A) 2020/21 - 2022. The pixelated areas on the rocks of the terminal groyne 
should not be considered reliable measurements 
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3.3 Topographic Analysis 
 

The topographic profiles plotted from walked surveys (Figures 14 - 18)   help to put the trends identified 

so far into a longer historical context.  All the Figures show a pattern a series of άjumpsέ ǿƛǘƘ high rates 

of erosion followed by periods of low erosion. This is particularly clear in Figure 15. The patterns 

identified here agree with the results of the cliff line analysis presented in Section 3.1. The same 

patterns are seen before the time period analysed in that dataset, suggesting that this trend is 

established for the long term. 

Profile S064 (Figure 18) is included as a strategic profile with an archive of data extending to 1991. This 

profile is outside of the study area, lying just to the south and is impacted by a World War Two pill box, 

the foundations of which may impact the stability of the cliff in this area. This profile appears relatively 

stable at the cliff face until 2014 where erosion accelerates and begins to adopt a similar pattern to the 

profiles further north. This step change coincides with the 2013/14 storm season which was particularly 

severe and may have begun undercutting the clifftop structures. The cliff toe and beach appear to erode 

at a constant rate which also begins to accelerate around 2014. 
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Figure 14 - Topographic profiles for BW016 
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Figure 15 - Topographic profiles for BW019 
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Figure 16 - Topographic profiles for BW020 
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Figure 17 - Topographic profiles for BW024 
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Figure 18 - Topographic profiles for S064. This is a strategic profile with a longer record but is situated just south of the study site 
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3.4 Hydrodynamics 

The Felixstowe Directional Waverider Buoy (DWB) is situated ~9km from East Lane Bawdsey at 

51°56'.29N 001°23'.63E, in 8m water depth. The buoy, owned by the Environment Agency, was first 

deployed in May 2012. The shore station is hosted by Clacton-on-the-Sea RNLI Lifeboat Station. Historic 

data (May 2012 to August 2018) are available to download under the Open Government Licence from 

/9C!{Ω WaveNet, and post August 2018 from the NNRCMP website.  

Table 2 describes the wave climate as recorded at Felixstowe DWB since deployment in 2012. Hs 

represents the significant wave height, which is the mean of the highest third of waves recorded. Tp 

represents the peak wave period, which is a measure of the period associated with the most energetic 

waves in the spectrum. Tz is the average period, it being the time taken for one whole wavelength to 

pass a certain point. Both wave height and period are important parameters for assessing the role of 

waves in beach morphodynamics, since wave power is proportional to the wave period and to the 

square of the wave height. The capability of waves to do geomorphic work, is therefore determined by 

both parameters.  

Table 2 - Overview of wave climate at Felixstowe WRD. Average monthly values for all years (2012-2022) Source: Felixstowe 
Annual Wave Report 2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 ŎƻƴǾŜȅǎ ǘƘŜ Ƴƻǎǘ ΨǇƻǿŜǊŦǳƭΩ ǿŀǾŜǎ ǘȅǇƛŎŀƭƭȅ ŀǊǊƛǾŜ ƛƴ !ǇǊƛƭΣ ǿƘƛŎƘ Ƙŀǎ ƘƛƎƘŜǎǘ Iǎ ŀƴŘ ƭƻƴƎŜǎǘ 

Tp. These waves commonly arrive from a more Easterly direction, therefore having the longest 

fetch. The data table conveys greater contribution from south-easterly waves during the rest of the 

year. As expected, the summer (May- September) are characteristically lower energy months. Wave 

height and period typically increase from October. February often sees slightly larger waves but 

January the slightly longer period. The wave periods in the table are not long enough to be deemed 

swell-waves (T=<8s) and there is little bimodality (mixture of wind and swell waves) in the spectrum. 

Month Hs  
Significant 
Wave Height 
(meters) 

Tp  
Peak Period 
(seconds)  

Tz  
average 
period zero 
up-crossing 
(seconds) 

Dir 
Wave 
Direction 
(degrees 
Magnetic) 

Surface 
Temperature 
(degrees 
Celsius) 

January 0.6 5.4 3.5 133 6.3 

February 0.7 4.7 3.4 152 5.7 

March 0.6 4.9 3.4 127 7.3 

April 0.7 5.4 3.6 97 9.2 

May 0.5 4.8 3.3 120 12.4 

June 0.5 4.4 3.2 121 16.1 

July 0.5 4.5 3.2 134 18.4 

August 0.5 4.4 3.2 142 19.6 

September 0.5 4.7 3.3 132 17.7 

October 0.6 4.9 3.4 136 14.1 

November 0.6 5 3.5 132 10.5 

December 0.6 4.8 3.4 140 7.6 

https://wavenet.cefas.co.uk/map
https://coastalmonitoring.org/cco/
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This means that wind-generated waves (T=<8s) dominate the site, all year round. The shorter the 

period, the greater the frequency of waves arriving at the shore. Typically, destructive waves have 

larger heights and shorter periods. The backwash is stronger than the swash, and the waves break 

on the beach with strong downward force which erodes beach material or cliffs and results in 

narrower beach profiles. The wave climate at Felixstowe DWB conveys a tendency towards an 

eroding coastline. The aspect leaves less scope for longer period constructive waves to replenish the 

shoreline. 

Annual Hs exceedance probabilities are shown in Table 3 to elucidate any particularly energetic 

years. 

Table 3 - Annual exceedance probabilities, and maximum values of Hs recorded from Felixstowe WaveRider i.e., 5 % of the Hs 
values measured in 2012 exceeded 1.1 m Data accumulated from Annual Reports produced by the Channel Coastal Observatory. 

Year 

Annual Hs exceedance** (m)  Annual Maximum Hs  

0.05% 0.5% 1% 2% 5% 10% Date  Amax (m)  

2012 2.0 1.6 1.5 1.4 1.1 0.9 23/09/2012 23:30 2.1 

2013 2.6 2.3 2.1 1.9 1.5 1.2 11/10/2013 15:30 2.8 

2014 2.2 1.7 1.6 1.4 1.2 1.0 28/12/2014 04:00 2.5 

2015 1.9 1.5 1.4 1.3 1.1 1.0 06/02/2015 09:30 2.1 

2016 2.3 1.9 1.7 1.5 1.2 1.0 07/11/2016 02:00 2.6 

2017 1.8 1.6 1.4 1.3 1.1 0.9 13/02/2017 23:30 1.9 

2018 2.5 1.9 1.7 1.4 1.2 0.9 19/11/2018 18:00 2.6 

2019 1.9 1.6 1.5 1.3 1.1 1.0 02/11/2019 14:30 2.1 

2020 2.3 2.0 1.8 1.6 1.3 1.1 29/03/2020 14:00 2.5 

2021 2.9 2.3 1.9 1.5 1.2 1.0 07/02/2021 07:30 3.2 

The tabulated data show maximum Hs reached a record-breaking 3.2m in 2021; an increase of over 1 

meter since 2012. This could be described as a growth of wave height over the time of monitoring, 

although increases have not incremented annually. Indeed, the second year of monitoring (2013) 

achieved the second highest Hs values, as well as the highest percentage (10%) of waves >1.2m. The 

subsequent year (2014) starts off with a succession of winter storms, as shown in Figure 19 below, but 

the rest of the year and the following three years are relatively quiet, with only a handful of significant 

wave heights (0.05%) exceeding 2m. 

нлмр ŀƴŘ нлмт ǿŜǊŜ ǘƘŜ ǉǳƛŜǘŜǎǘ ȅŜŀǊǎ ƛƴ ǘƘŜ ōǳƻȅΩǎ ƘƛǎǘƻǊȅΣ ǿƛǘƘ ŎƻƴǎƛǎǘŜƴǘƭȅ low waves, only one 

event in 2015 and no events in 2017 exceeding the storm threshold, as shown in Figure 19.  

In 2016 there were five events exceeding storm threshold. Two of these wave events coincided with 

high water, increasing the opportunity for the waves to do geomorphic work on the beach at Bawdsey. 

Poor data recovery from the buoy in 2018, means the data is not truly representative of conditions, as 

this year was punctuated with more storm events (including Beast from the East) than was recorded, 

although one incident of Hs >2.6m occurred at the end of the year. A few storm events of low 

magnitude occurred in 2019, followed by an increase in storminess during the last two years of buoy 

deployment (2020 and 2021). During these most recent years, more than eleven events exceeded the 

storm threshold, and four coincided with High Tide (depicted by the red marker) including the largest 

event on record (see Figure 19). 
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In summary, the most energetic winter seasons, in terms of wave height (as period is relatively stable all 

year round) were 2013-14, 2019-20, and 2020-21. This finding agrees with Figure 5 of high and average 

cliff erosion rates calculated using the DSAS tool. 

 

3.4.1 Wave Roses 

Our colleagues at the Channel Coastal Observatory produced wave roses showing the time interval 

between successive aerial photography capture (used for DSAS analysis). Figure 14 shows conventional 

plots of Hs against wave direction, for each of the following epochs (all 1st June ς 1st June) i.e., 

01/06/2012- 01/06/2013, 2013-2014, 2014-2015, 2015-2016, 2016-2018 (no data recovery for 2017), 

2018-2019, 2019-2020, 2020-2021 & 2021-2022.  

The wave roses all agree that the greatest proportion of waves arrive from the East within a 15° sector, 

and this direction supports the largest Hs. An equivalent percentage of lower Hs waves arrive from the 

ΨǎƻǳǘƘΩ ǿƛǘƘƛƴ ŀ ōǊƻŀŘ ǎŜŎǘƻǊ ƻŦ ϤмрлϲΦ ¢ƘŜǊŜ ƛǎ ǎŜŜƳƛƴƎƭȅ little difference between the year-on-year 

wave roses. This is because wave behaviour is largely seasonal and seasonal difference are averaged 

Figure 19 - A record of the storms (>1.93m Hm0) recorded by Felixstowe WRB each successive year of monitoring 
between 2013-2021. Red markers indicate the storms occurring coincidentally at MHWN (3.34 m CD / 1.39 m or above.) 
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out. Table 3 below offers an overview of monthly averages since buoy deployment. However, the wave 

roses do allow identification of certain wave characteristics in each epoch of monitoring.    

a.  b.  

c.  d.  
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e.  f.  

g.  h.  

Figure 20 - (a ς h) - wave roses for each of the following epochs (all 1st June ς 1st June) i.e., 01/06/2012- 01/06/2013, 2013-
2014, 2014-2015, 2015-2016, 2016-2018 (no data recovery for 2017), 2018-2019, 2019-2020, 2020-2021 & 2021-2022. 

The earliest rose (2012-13) shows the high percentage of larger waves (>2m) arrived from the 

East. The 2013-2014 epoch was a period of accelerated cliff erosion, and the rose shows an increase in 

the frequency of waves >1m arriving from the south. A handful of events in 2013-2014 exceeded heights 

not seen in the proceeding or preceding epoch, making it a remarkably energetic epoch with a greater 

contribution from southerly waves. 2014-2015 was a quieter epoch in term of wave height. In 2015 the 

percentage of waves >1m Hs from the south marginally increases, but then between 2016-2018 which 
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was a period of low average cliff erosion, there was also a dearth of larger waves from the east and 

nothing over 1m arriving from the south.  

Conditions were different during 2019-2020 when a higher proportion of Hs, up to 1.5m, arrived from all 

southerly sectors between 105°-240°. A few events exceeded 2m Hs, but these waves arrived from the 

East, as the largest do here. It can be noted as a relatively energetic year and was proceeded by another 

high-energy epoch in 2020-2021. This rose shows a broader distribution of waves up to 1.5m coming 

from all easterly and southerly sectors, particularly between 150°-210°. Between 2019 and 2021 there 

was an acceleration in cliff erosion rate, and this may have been facilitated by the slight increase in 

waves arriving from the southerly sector.    

The most recent monitoring epoch (06/2021-06/2022) has experienced the most rapid rates of cliff 

erosion. It appears that approximately a quarter of waves arrived from the south (105°-240°) and some 

of these waves exceeded 1m Hs, but the rose suggests a slightly less energetic period than the preceding 

years. (Note there were two scheduled services of the DWR buoy during this epoch which may affect 

data recovery).  

3.4.2 Summary of Hydrodynamic Data: 

Analysis of the hydrodynamic data from Felixstowe DWB has shown that the epochs of 

accelerated cliff erosion, have coincided with periods of more energetic wave conditions, as deemed by 

increases in the percentage of higher waves. Although the highest waves always arrive from the East, of 

note is that during these more energetic epochs, the contribution of waves arriving from Southerly 

directions is also slightly greater.  

The final Table 4 presented below is a summary of the storms recorded by the Felixstowe DWB 

and sorted by descending Hs value. The top 13 events surpassed 2.3m Hs and these waves all arrived 

from due East (79-90°) clarifying that the largest heights are achieved by the longest fetch. The three 

events at the top of the table achieved a peak period longer than 8seconds, which can be described as 

swell waves, and these events also occurred at or close to High Water. The power of waves to do 

geomorphic work during these events would have been great, and not necessarily damaging. However, 

the table also shows sea level elevation (m OD) during these storm events. This is likely to be the most 

significant parameter, in determining how destructive the storm event was, in terms of inducing beach 

draw down and cliff erosion. The higher the water elevation the greater the opportunity for the 

processes of attrition, abrasion and hydraulic action to operate on the cliff toe. With this parameter in 

mind, the top five highest sea level events have been shaded blue in Table 4 below. The highest water 

level of 2.5m OD occurred on 9th February 2020, with a large wave height, low period, and southerly 

wave direction, which did incur a loss to the cliffs and nearshore sediment budget. In fact, three of the 

top five water level events all occurred during 2020, thus offering more rationality to the high rates of 

observed cliff loss in recent years. 

Table 4 - A record of all storms captured by the Felixstowe WRB using the peaks-over-threshold method (Hs> 1.93m), showing 

Significant wave height (Hs), Peak Period (Tp), Mean Period (Tz), the water level, tidal stage (relative to High Water) and the 

residual (surge height; positive + or negative -) coincident with the storm event. The table is sorted by Hs in descending oder, 

rather than chronologically. Table collated from Felixstowe annual Wave reports 2012-2021 produced by the Channel Coastal 

Observatory. Text in red indicates an event that occurred at High tide. Cells with blue shading indicate the top five storm events 

that occurred with sea water level elevation of 2m OD or above. 
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*  Tidal information is obtained from the National Network gauge at Harwich. The surge shown is the residual at the time of the 

highest Hs. The maximum tidal surge is the largest surge during the storm event. 

Date/Time  Hs  Tp  Tz  Dir.  Water level 
elevation* 
(OD)  

Tidal stage 
(hours re. 
HW)  

Tidal 
range 
(m)  

Tidal 
surge* 
(m)  

Max. surge* 
(m)  

07/02/2021 07:30 3.16 10.5 6.3 79 1.7 HW  2.6 0.37 0.37 

11/10/2013 15:30 2.77 8.3 5.8 79 1.9 HW  3.4 0.19 0.25 

11/03/2013 23:00 2.67 8.3 5.3 83 1.7 HW -1  3.4 -0.16 0.28 

19/11/2018 18:00 2.62 7.4 5.2 82 0.2 HW -3  2.5 -  -  

04/01/2021 13:00 2.60 8.3 5.3 83 0.7 HW -2  3.3 0.16 0.27 

07/11/2016 02:00 2.58 9.1 5.7 82 1.0 HW -2  2.5 -  -  

30/01/2021 22:00 2.58 7.1 5 87 0.8 HW -3  3.1 0.39 0.47 

28/12/2014 04:00 2.54 7.7 5.8 82 1.8 HW  3 -  -  

23/03/2013 06:30 2.53 8.3 5.4 86 0.1 HW -2  2.3 -0.38 -0.18 

29/03/2020 14:00 2.48 7.1 5.2 83 2.0 HW -1  2.7 -0.11 0.53 

11/05/2020 00:00 2.42 8.3 4.7 90 2.0 HW -2  3.4 0.54 0.79 

25/11/2016 05:30 2.37 7.1 5.1 83 0.5 HW -3  2.3 0.13 0.19 

04/04/2013 13:30 2.36 7.7 4.8 80 -0.1 HW -4  2.2 0.35 0.35 

24/12/2013 02:00 2.29 5.3 4.3 193 0.8 HW  2.5 -0.49 -0.48 

28/10/2013 07:30 2.22 4.8 4 210 0.6 HW +3  2.3 0.05 0.2 

05/02/2014 02:30 2.18 7.1 4.7 134 1.9 HW -1  3.4 -  -  

12/02/2021 21:00 2.14 6.7 4.7 84 0.2 HW -4  3.2 0.09 0.17 

14/02/2014 23:00 2.13 5.9 4.4 163 1.5 HW -1  3.2 -  -  

02/11/2019 14:30 2.13 5.6 4.5 187 1.8 HW  3 -  -  

13/04/2020 08:00 2.13 7.7 5.5 83 -0.3 HW -1  3.4 0.46 0.53 

10/02/2013 23:00 2.12 7.1 4.8 124 1.4 HW -1  3.3 -0.27 -0.09 

21/11/2013 08:30 2.12 6.7 4.8 87 -1.0 HW -5  3.2 -  -  

15/11/2019 14:00 2.10 7.7 5.6 73 1.6 HW +1  3.3 -  -  

01/04/2013 22:30 2.09 6.7 4.6 73 -0.4 HW -5  3.31 0.35 0.38 

06/02/2015 09:30 2.09 6.7 4.6 87 -0.3 HW -4  3.38 0.01 0.09 

28/03/2016 02:00 2.08 5.9 4.3 156 2.2 HW  3.6 0.38 0.39 

23/09/2012 23:30 2.07 7.1 4.9 89 -0.7 HW -6  2.34 0.15 0.22 

15/12/2018 15:30 2.06 6.9 4.8 129 0.9 HW -1  2.5 -  -  

20/01/2013 16:00 2.04 8.3 5.1 84 0.7 HW -2  2.3 0.09 0.23 

09/02/2020 11:30 2.03 4.8 4 196 2.5 HW  3.6 -  -  

21/03/2020 09:30 2.02 6.7 4.7 82 1.6 HW -1  2.8 -0.44 -0.05 

27/12/2013 03:30 2.01 5.9 4.4 165 0.7 HW -2  1.6 0.1 0.28 

14/12/2012 12:00 1.98 7.1 4.7 124 2.3 HW  4.2 0.01 0.09 

15/02/2016 00:30 1.98 8.3 5.5 86 0.5 HW -4  3.1 0.55 0.6 

29/01/2014 21:00 1.94 7.1 4.8 83 1.2 HW -2  3.3 -  -  

13/10/2015 09:00 1.94 6.3 4.4 82 0.6 HW -3  3.1 0.1 0.23 
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10/04/2019 00:00 1.94 6.9 4.6 103 0.9 HW -2  3.3 0.17 0.32 

07/02/2016 22:30 1.91 5.6 4.1 173 1.7 HW  2.9 -0.02 0.18 

09/03/2016 09:30 1.90 7.7 4.4 132 0.87 HW -2  4.02 0.36 0.4 

28/10/2018 07:30 1.90 6.2 4.3 91 -1.42 HW -6  3.6 -  -  

09/11/2018 23:00 1.90 5.9 4.3 152 0.98 HW -2  3.6 -  -  

13/02/2017 23:30 1.88 7.1 4.6 80 0.88 HW -2  3.5 -  -  
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3.5 SMP2 Comparison  
The Bawdsey coastline has an established history of erosion, which is expected to continue. The SMP2 

documents contain predictions for the location of the coast in 2025, 2055 and 2105. With the first epoch 

close to completion, an opportunity to test the predictions is presented. The map showing these 

potential coastlines has been georeferenced and the coastlines digitised in order to compare the current 

cliff position against these predictions. This aims to provide some context for the rates of erosion 

identified in this study.  

Figure 21 shows the digitised coastlines over the drone imagery from March 2022. It is immediately 

clear that the current cliff top position is significantly inland of all the SMP lines over much of the site. 

This is particularly true in the north, near Martello beach where the shape of the bay is not reflected in 

the predictions. The additional works on the groyne circa. 2009 are unlikely to be considered in this line. 

Towards the south of the site, the position of the shore is closer to the predicted position of the cliff top 

in 2025 and 2055 although still behind. 

The differences seen in Figure 21 are quantified in Figure 22 and Table 5 where the distance between 

the 2022 cliff position and the SMP2 2025 and 2055 lines have been calculated at each of the DSAS 

generated transects identified in the cliff line analysis (section 3.1). The colour pattern in Figure 22 

confirms the observations seen in Figure 21; with the northern transects (transects 2 ς 10) being up to 

60m behind the 2025 predicted position, and the southern transects (transects 20 ς 25) being around 

10m behind the 2025 positions. Table 5 shows that a similar pattern occurs between the 2025 

predictions and 2055 positions, all of which have been surpassed. 
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 Figure 21 - SMP2 predicted future coastlines at Bawdsey (digitised from georeferenced PDF map) 
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Table 5 - Distance from 2022 cliff position to coastal positions predicted in SMP2 ("with present management and 2010 adopted 
policy" maps used for comparison). negative values indicate that the 2022 cliff position is inland of the SMP future predicted 
coastline 

Transect Distance to SMP 2025 
prediction (m) 

Distance to SMP 
2055 prediction (m) 

1 n/a n/a 

2 -46.9 -46.6 

3 -51.3 -48.7 

4 -57.1 -53.4 

5 -58.3 -55.0 

6 -58.3 -55.3 

7 -54.5 -51.4 

8 -50.0 -46.6 

9 -46.7 -42.5 

10 -40.3 -35.3 

11 -37.2 -31.5 

12 -31.7 -26.6 

13 -27.7 -23.5 

14 -24.4 -21.1 

15 -25.6 -21.5 

16 -20.8 -16.0 

17 -19.2 -14.2 

18 -19.1 -13.9 

19 -15.4 -10.5 

20 -9.3 -4.4 

21 -7.8 -2.9 

22 -6.7 -1.7 

23 -12.0 -7.1 

24 -7.1 -2.3 

25 -5.0 -0.2 

26 n/a n/a 
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Figure 22 - Distance from 2022 cliff position to coastal positions predicted in SMP2 ("with present management and 2010 
adopted policy" maps used for comparison). negative values indicate that the 2022 cliff position is inland of the SMP future 
predicted coastline 






