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EXECUTIVE SUMMARY 

Concerns regarding coastal erosion along Sandown Bay led to a SCOPAC funded desktop study 

undertaken by the Eastern Solent Coastal Partnership to assess morphological change in 

response to hydrodynamic forcing. Data from the South-east Regional Coastal Monitoring 

Programme was analysed for the years 2003 to 2017 from which an apparent link between 

increased wave activity and beach loss was established, with the stormy period between 2012 

and 2017 leaving a significant legacy of erosion across the frontage. Key findings from this report 

include:  

¶ A link between storm activity and net loss of beach material, whereby greater sediment 

transport exceeds sediment input. 

¶ A legacy of erosion resulting from the stormy 2012 to 2017 epoch which may take several 

years to recover. Furthermore, storm clusters could deplete beaches further.  

¶ Erosion patterns are complex and observational trends may be influenced by hard 

structures and beach management. There are however some notable patterns, for 

example, erosion occurs in linear longshore bands north of Shanklin but is more irregular 

and variable to the south. 

1. Introduction 

Sandown Bay is a popular tourist and amenity beach stretching 8.2 km along the south-east coast 

of the Isle of Wight (outlined by the red box in Figure 1). Due to recent concern regarding low 

beach levels and erosion along this frontage, SCOPAC awarded the óimproved utilisation of data 

fundô to the Isle of Wight Council for a small-scale desktop study to be undertaken by the Eastern 

Solent Coastal Partnership (ESCP). This study uses South-east Regional Coastal Monitoring 

Programme data (which provides data since 2003) to assess erosion and accretion in response 

to changes in wave forcing, building upon previous studies.   

1.1 Site 

Sandown Bay has formed through the long term marine erosion of an area of softer geology 

between two more resistant headlands (Bray et al,1994). This has resulted in the formation of a 

distinctly crescentic shape. The southern and central sections of the bay are dominated by high 

sandstone cliffs, defended at the toe by a series of seawalls and groynes, whilst the northern end 

is characterised by a wide sandy barrier beach which protects the low-lying flood plain of the 

eastern River Yar behind. Much of the frontage is heavily urbanised, comprising the clifftop 

settlements of Shanklin, Lake and Sandown (Figure 1).  
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The historic construction of seawalls and promenades has limited the natural source of beach 

material from the soft sandstone cliffs which border much of the frontage (SCOPAC STS, 2012). 

The main local feed of material is therefore provided by a 3.2km stretch of undefended cliffs 

located between Dunnose Head and Shanklin Chine (outlined by a yellow box in Figure 1).  

Prevailing south westerly waves result in net littoral drift occurring in a north easterly direction, 

with previous studies (SCOPAC STS, 2012; Isle of Wight Council (IWC) & AECOM, in press) 

indicating a decrease littoral transport rates towards the north-eastern section of the bay. This 

appears to be due to a combination of factors including a decreasing obliquity of the prevailing 

wave approach, increasing distance from the main material source, and the increasing 

interception of material by intervening cross and alongshore structures. 

Figure 1:  Sediment transport pathways map, Sandown Bay (SCOPAC STS, 2012) 

Some coastal defence structures in Sandown Bay are now in aging condition and vulnerable to 

low beach levels. This raises the potential for future recommencement of cliff retreat along the 

southern and central sections of the bay. Defence failures also have the potential to allow 

breaching of the barrier at the northern end of the bay at Yaverland, placing multiple properties 

and assets at risk of sea flooding (IWC & AECOM, in press). 

Sediment Source 
Area (Dunnose to 
Shanklin Chine) 

 

 

Sandown Bay 
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This desk-based assessment uses topographic and hydrodynamic data made available from the 

South-east Regional Coastal Monitoring Programme to undertake a Coastal Process study of 

Sandown Bay for the years 2003 to 2017. The main outputs include beach elevation and wave 

analysis, building on previous investigations (SCOPAC, 2012); IWC & AECOM, in press). 

2. Results 

To identify trends in erosion and accretion, as well as correlations between forcing parameters, 

the following results show hydrodynamic and beach elevation analysis broken down into three 

epochs; 2003-2007, 2007-2012, 2012-2017. 

2.1 Waves 

Figure 2 shows wave data collected by the Sandown Bay Datawell Directional Wave Rider buoy 

for 3 epochs: 2003-2007,2007-2012 and 2012-2017. This was summarised and combined with 

corresponding wave periods and directions in Table 1. Wave roses showing; significant wave 

height (Hs), peak period (Tp) and direction have also been produced for each epoch and can be 

seen inlaid in Figures 3-6. 

 

 

Figure 2: Wave data time series (a) 30-minute HS data, (b) bar plot of the counts of storm events every 

July-to-July year, and (c) average significant wave height (all-time series data) every July-to-July year. 

2003-2007 2007 -2012 2012 -2017 
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In Table 1 the maximum significant wave height (óMAX Hsô) represents the highest recorded Hs 

value for its given epoch. It can therefore be considered as representative of the worst storms in 

that period. ñAVERAGE Hsñ is the average taken across the entire epoch, whereas the 

ñAVERAGE PEAK Hsò is the average of the peak daily value. Correspondingly Tz, is the average 

wave period across each epoch and Tp is the average of the daily peak period. 

Table 1: Wave data assessed for the Sandown Bay Wave Rider Buoy, within the time intervals relevant 

to the topographic difference plots. 

TIME 
MAX 
HS 

 AVERAGES NO OF STORMS 

 
HS TP TZ 

DIR 
 

PEAK 
HS 

1 IN 1 
YR 

1 IN 
10YR 

AV DIR. 1 IN 1YR HS 

2003-
17 

4.22  0.51 5.93 3.68 162o 
 

0.79 32 8 166 

2003-
07 

3.79  0.51 6.00 3.68 162o 
 

0.78 9 1 167 

2007-
12 

3.63  0.48 5.79 3.65 162o 
 

0.74 8 2 165 

2012-
17 

4.22  0.54 6.02 3.71 163o 
 

0.85 15 5 167 

 

From the assessment of wave data, the following observations can be made; 

 

¶ The prevailing wave direction at the site is south, south west (162 degrees in all epochs 

with a slight shift to 163 degrees in 2012-17). 

  

¶ There is a tendency for larger wave heights to approach from the south-south-east 

(160 o -175o) with the largest wave heights occurring in storms from this direction. The 

largest wave periods however tend to originate from more southerly wave groups.  

 

¶ Over the period of study there was a slight increase in the occurrence of south westerly 

waves.  

 

¶ Long period events with TP greater than 20 seconds are frequently detected at this 

site.  

 

¶ The largest wave heights occurred in the epoch 2012 to 2017. Record breaking wave 

heights were recorded on the 28th March 2016 (Storm Katie) with peak HS reaching 

4.22m at 02:30. Additionally, the second largest HS since 2003 was also recorded in 

this epoch on 20th November 2016 (Storm Angus) peaking at 3.99m.  
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¶ The 5-year period between 2012 and 2017 experienced 15 storms exceeding the 1 in 

1-year threshold from a total of 32 occurrences across the whole 14-year data set. 

Furthermore, this epoch experienced 5 out of the total of 8 occasions where wave 

heights exceeded the 1 in 10-year threshold, meaning 63% of all 1 in 10-year 

significant wave height events occurred in just 35% of the overall duration of study, 

highlighting that waves during the 55-month interval of 2012-17 were extreme in 

context with the overall period assessed (2003-17).  

 

¶ The average values for peak significant wave height, average period, and peak period 

as well as all half hourly time series values, are also higher in the 2012-17 than in 

other epochs. 

2.2 Sea Level 

Table 2 shows a summary of sea level observations for each period relevant to the four different 

epochs of study. Both mean sea level (i.e. an average of all values across each epoch) and mean 

high water (i.e. an average of 12-hourly observed high-water levels across each epoch) were 

shown to be highest in 2012 ï 2017 with MSL observed to be 7cm higher than the epoch between 

2003 and 2007 and MHW observed to be 14cm higher. It is tempting to attribute this (at least in 

part) to global climate change driven sea level rise, however, to determine this accurately longer 

data sets would be required (e.g. to exclude the effect of inter-annual variability in tides).  Extreme 

sea level events (i.e. large peaks in observed water level as recorded at the Portsmouth tide 

gauge due to combinations of surge events with high tide), which by their nature are more variable 

and random as they are largely storm-driven, are also shown to cluster in this period with 13 of a 

total 17 annual probability (1 in 1-year events occurring during 2012 and 2017).  

Table 2: Sea level data assessed for the Portsmouth tide gauge, within the time intervals relevant to the 

topographic difference plots (the data assessed ranges 10th Jul 2003 to 1st July 2017). 

TIME Max 
sea 
level 
value 
(mCD) 

Mean 
Sea  
level 
(mCD) 

Mean.High 
Water (mCD) 

No.  
>1in1yr HWs 

 

2003-17 5.56 2.89 4.37 17  

2003-07 5.30 2.86 4.31 1  

2007-12 5.50 2.89 4.36 3  

2012-17 5.56 2.93 4.45 13  
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Whilst the data set and analysis range are too short for establishing a robust link between mean 

sea level rise (MSLR) and beach change, it is generally considered that with increasing sea levels 

coastlines will retreat shoreward. This is because a beachôs profile and hydrodynamic forcing 

(waves and currents) are in equilibrium for a constant sea level, therefore, any increase in MSL 

shifts the positions of net sediment transport and subsequently forms a new equilibrium profile 

and shoreline position. Furthermore, extreme sea level events allow waves to attack upper parts 

of the beach not usually exposed to wave energy potentially exacerbating erosion. The fact that 

so many (13 out 17) of the events which exceeded the 1-in-1-year return period occurred in the 

2012 to 2017 means that the impact of this on the beach face cannot be ruled out. 

2.3 Elevation Change 

Figures 3 ï 6 show elevation difference plots produced using South-east Regional Monitoring 

Programme survey data for four epochs; 2003-2017.2003-2007, 2007-2012 and 2012-2017 with 

blue indicating accretion and red showing erosion (the yellow boundary depicts the area common 

to all surveys). Also inlaid are wave roses depicting the corresponding significant wave heights 

(HS) and peak periods (TP) and their respective directions for the given epoch. A corresponding 

summary of findings is shown in Table 3  
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Figure 3: Elevation change and wave roses 2003 -2017 

Significant Wave Height (Hs) 

Peak Period (Tp) 
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Figure 4: Elevation change and wave roses 2003 -2007 

Significant Wave Height (Hs) 

Peak Period (Tp) 

2003-2007, Elevation Change, Significant Wave Height and Peak Period  
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Figure 5: Elevation change and wave roses 2007 -2012

Significant Wave Height (Hs) 

Peak Period (Tp) 

2007-2012, Elevation Change, Significant Wave Height and Peak Period  
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Figure 6: Elevation change and wave roses 2012 -2017 

Peak Period (Tp) 

Significant Wave Height (Hs) 

2012-2017, Elevation Change, Significant Wave Height and Peak Period  
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Table 3: Summary of Elevation Changes. 

2003-2017  (Figure 3): 

Throughout the entire period of study the frontage is dominated by erosion. However, areas 

of accretion can be observed to be concentrated around mid and lower beach with erosion 

observed in front of the promenade 

2003 to 2007 (Figure 4): 

This epoch characterised by accretion, with key areas focussed around Sandown and at 

Yaverland. At Sandown, accretion is focussed across the mid beach whilst a band of erosion 

can be observed fringing the promenade.  

2007-2012 (Figure 5): 

A reduction in the level of accretion can be observed when compared with the previous 

epoch. A zone of accretion can still be observed around the Sandown frontage, mostly on the 

upper beach in front of the promenade.  

2012 ï 2017 (Figure 6): 

This epoch is heavily dominated by erosion. There is however a small area of accretion to the 

south of Sandown Pier and some narrow bands located at Yaverland. Erosion can also be 

observed in the groyne bays in front of the low-lying area between Shanklin and Sandown. 

 

From the above the following observations can be made; 

¶ On all plots, patterns of erosion and accretion across the bay north of Shanklin form in 

linear longshore bands, whilst around Shanklin and Lake further south, they appear to be 

more irregular in shape and location. The south, south-easterly facing aspect of the 

northern section of the bay means the dominant direction of wave approach is more shore-

parallel than it is further south and therefore more swash-aligned with the prevailing wave 

direction. This induces a dominance of cross-shore sediment transport which has likely 

contributed to the longshore linear patterning observed. In contrast, the coastline to the 

south of Shanklin is more perpendicular to the dominant wave direction and more drift 

aligned, inducing a greater degree of longshore transport. It is therefore possible (and 

somewhat indicated by the increased variance in erosion and accretion patterns 

observable in the difference plots), that this alignment makes this section of coast more 

sensitive to the effects of extreme wave events and fluctuations in wave direction. 

Additionally, the proximity of this section of coast to the material source may also result in 

an increased sensitivity to changes in material availability due to variances in the 

occurrence of cliff erosion events.  
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¶ The lowest levels of beach fluctuation occur at the southern extremity of the study site, 

between Horse Ledge and Shanklin Groynes. This area is easterly facing and partly 

sheltered from the dominant south, south-westerly wave approach. This means that in an 

average year it is exposed to larger waves around 30 % less of the time (see wave roses, 

inlaid in Figures 3-6) compared with more southerly facing frontages further north. Given 

its location between the material source and the rest of Sandown Bay, the reduced 

sediment transport evident in this location raises some uncertainty regarding the manner 

by which sediment bypasses this location to feed the rest of Sandown Bay.  

 

¶ The overall 2003-2017 and 2003-2007 epoch difference plots show a tendency for erosion 

to occur along the upper beach in front of the promenade. This is consistent with Posford 

and Duvier (1989), and (IWC & AECOM, in press) who suggest that the absence of a 

permanent backshore shingle berm promotes wave reflection from hard defences 

resulting in beach drawdown immediately in front of hard assets. A change in this trend 

can be observed in the 2007 to 2012 difference plot with this band of erosion being 

replaced by accretion. However, it should be noted that in some areas a volume of material 

is routinely locally moved in the summer months and deposited on the upper beach to 

preserve amenity, offering one potential explanation for this apparent behavioural 

reversal.   

2.4 Volumes 

Beach volumes for each survey period were calculated using the difference between surveyed 

beach levels and Mean Low Water Springs (MLWS) at Sandown (-1.34 OD). Volumes were 

then subtracted against each other to give the total volumetric change for each survey epoch 

(Figure 7).  
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Figure 7:  Elevation change 2003 -2017 

 

¶ Between 2003 and 2012 the overall trend was accretion totalling 40,806m3. This breaks 

down into 33,764 m3 between 2003 and 2007 and a further accumulation of 7,042 m3 

between 2007-2012.  

¶ A substantial loss of 73,087 m3 was experienced in the epoch between 2012 to 2017 (see 

Figure 7). 

¶ This resulted in a net loss of 32,280 m3 from the study area throughout the entire period 

of study (2003-2017).  

There is an apparent link between increased wave activity and beach losses in this area 

across the selected data epochs. A volume of 73,087 m3 was lost from the frontage throughout 

the five-year period between 2012 and 2017 (Figure 7). This is almost twice the total amount of 

material which had accreted over the previous nine years of study. Given the higher occurrence 

of large wave height events, higher than average wave periods and increased frequency of storm 

events within this epoch (Table 1) it is likely that the high levels of erosion observed are a legacy 

of this energetic period. Furthermore, given the rates of accretion observed between 2003 and 

2012 it could be predicted that the present-day beach would take around 16 years to naturally 

recover to the levels observed in 2012. However, a recovery to those levels across the entire area 
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is unlikely (in the absence of major replenishment operations) as this is dependent upon the 

following assumptions: 

¶ A similar wave climate to that experienced between 2003 to 2012 (i.e. a óquiescentô storm 

period in comparison with the 2013/14 and 2015/16 storms); 

¶ Cliff erosion occurring at similar rates experienced between 2003 and 2012 

¶ Behavioural thresholds are not triggered by excessively low beach levels, which would 

fundamentally change future transport processes 

3. Conclusions  

Conclusions from the study are as follows: 

¶ By defining 3 data epochs from 2003-17, there appears to be a link between storm activity 

and net loss of beach material, whereby greater sediment transport exceeds sediment 

input.  

¶ Conventional longshore drift theory would suggest this is wave driven (there have been 

record breaking storm clusters and extreme wave height events in 2013/14 and in 2016). 

However higher mean sea levels were also recorded throughout this period which is well-

known to trigger shoreline retreat. Future research is needed to assess this interplay with 

waves and other hydrodynamics. 

¶ There is a legacy of erosion resulting from the energetic 2012 to 2017 epoch which may 

take several years to recover. Furthermore, storm clusters could deplete beaches further.  

¶ Erosion patterns are complex and observational trends may be influenced by hard 

structures, beach management and sediment supply. There are however some notable 

patterns, for example erosion occurs in linear longshore bands north of Shanklin but is 

more irregular and variable to the south. 

4. Recommendations 

This study leads to the following recommendations for potential future studies: 

¶ Laser scan surveys of the cliffs between Dunnose Head and Shanklin Chine would 

establish a clearer understanding of sediment yield rates. 

 

¶ A detailed sediment budget analysis to enable more accurate identification of transport 

rates, volumes and material retention along the frontage.  
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¶ Detailed analysis on the nature of sediment transfer between the zone of cliff erosion and 

Shanklin Chine to establish a more accurate understanding of sediment pathways and 

input rates and into Sandown Bay.  

 

¶ Further detailed study of beach response to hydrodynamic forcing throughout the 

energetic 2012 to 2017 period to assist in further identifying the key drivers of beach 

change at Sandown Bay and their respective dominance. 

 

¶ Analysis investigating the response of comparable sites over the SCOPAC region over 

the same period of study, to shed light as to whether loss of beach is observed elsewhere 

for the same study period.   
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6. Appendix A ï Data and Methods 

The following appendix provides additional information on the data used within this study.  The 

desk based assessment is supported by data made available from the South-east Regional 

Coastal Monitoring Programme. It includes topographic and hydrodynamic data for the years 

2003 to 2017.  

6.1 Wave Conditions 

Wave conditions and storm events covering the period between July 2003 and July 2017 were 

assessed using data collected by the Sandown Datawell Directional Wave Rider buoy (mark 3) 

located at 50° 39.03' N 001° 07.67' W in approximately 10.7 metres water depth. From this, 

annual summaries of wave height (Hs) period (Tp) and direction (Dir) were averaged for each year.  

Storm event occurrences were assessed by fitting a Weibull distribution to 24 hourly spaced 

significant wave height (HS) peaks across the 2003 to 2017 Sandown Bay time series dataset. 

Respective return periods are shown below in Table 1. Note that beyond the time extent of this 

data (approx. 14 years) return periods are only an estimate.  

Table 4: Wave height return periods estimated for the Sandown Bay Wave Rider Buoy and sea level 

return periods at the Portsmouth tide gauge. 

Return period Significant Wave Height 
(m) 

Sea level (mODN) 

1 in 1 year 2.71 2.56 
1 in 5 year  3.16 2.73 

1 in 10 year  3.34 2.81 

1 in 50 year  3.74 2.88 

1 in 100 year  3.91 3.05 
 

To ensure that hydrodynamic and topographic data could be assessed alongside one another, 

sea level and wave data were chosen to align with the main survey periods (shown below in 

Table 2).  

Table 5: Survey periods and associated interval for processing of hydrodynamic data. 

Survey Period Wave Rose Dates 

2003-07    1st Oct 2003 - 10th June 2007 

2007-12   10th June 2007 ς 19th Sept 2012 

2012-17   19th Sept 2012 ς 27th Apr 2017 
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6.2 Sea Level 

The sea level return periods are from the Environment Agencyôs national data set (McMillan et al, 

2011) and are referenced to a year 2008 baseline mean sea level (MSL). These account for tide 

and surge joint probability. The Portsmouth tide gauge data (1961-onwards) was utilised for 

analysis rather than the Sandown Pier data (2006-onwards) because this provides a longer data 

set that aligns with the wave data. Furthermore, at only 15km apart, the sea level characteristics 

from Sandown to Portsmouth are similar. The Portsmouth tide gauge data for 1991-onwards was 

downloaded from the British Oceanographic Data Centre (BODC - https://www.bodc.ac.uk) and 

the time series is at 15-minute resolution; and has been extended back to 1961 by Haigh (2009). 

6.3 Topographic Data 

Survey data was collected using Real-Time Kinematic (RTK) GPS 2003-12. The RTK method 

requires one receiver statically positioned on a precisely known point, and a number of rover 

receivers carried across the shoreline to continuously record locations in three dimensions.  

Eastings and Northings were recorded in accordance with the Ordnance Survey National Grid to 

a plan accuracy of +/- 15 mm. Elevations were recorded in accordance with Ordnance Datum 

(Newlyn) with a vertical accuracy of +/- 30 mm (ESCP,2016).   

The dates on which surveys were conducted are shown below in Table 6. 

Table 6: Survey dates  

Year Survey Period 

2003 23-Dec -15-Oct 

2007 16-May ς 06-Jul 

2012 17-Sep - 21-Sep 

2017 27-Apr 

 

Survey data was processed through GIS (ESRIôs ARCMAP), with nearest neighbour interpolation 

applied to XYZ data points to create an annual series of digital elevation models (DTMs).  These 

were then compared to create a series of difference plots showing total elevation changes for 

each survey period.  

https://www.bodc.ac.uk/
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To facilitate comparison between surveys the area common to all surveys was required. This is 

shown below in Figure 8.   

 

Figure 8: Common Survey Extent 
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7. Appendix B - Glossary of Terminology 

Significant Wave Height (Hs) - Mean wave height (trough to crest) of the highest third of the waves. 

Max Wave Height (Hmax) ς Maximum recorded wave height 

Peak Period (Tp) ς Largest recorded wave period 

Average Period (Tz) ς Mean average wave period 

Half Hourly Time Series ς A record of data based on records taken every half an hour 

Difference plot ς A visual representation of elevation changes on a section of coastline. 

Sediment Budget Analysis ς A method of beach volume analysis which works to balance volumes of 

sediment added and subtracted from different sections of coastline.  


