[bookmark: _GoBack]The Physical Vulnerability of Coastal Areas on the Isle of Sheppey
[image: ]
(Credit to Kevin Grover; Warden Bay Cliffs, 2019)



Author: Marie West
Supervisor: Professor R. Jenkins 
2020







[image: ]
[image: ]Acknowledgements
I would like to thank Professor Rhian Jenkins and Claire Evans for their continued support and advice on this project, and in many other areas of my academic and personal life. I would like to thank my mother, Sandra and her fiancé Arthur for listening to hours’ worth of me talking through and about my dissertation. I would like to thank my father for lending me his books on the Isle of Sheppey which helped me to form large sections of my project. I would like to thank my sister, Laura for accompanying me to carry out some of my surveys and for taking photos of the sites. I would like to thank my siblings and close friends for their support through this process.
Everyone’s help, advice and forms of support have help me to make this project possible and I am very thankful to them.























Abstract
Coastal areas are under threat from climate change effects, such as sea level rise, coastal erosion, and extreme weather events. This is additional to the many human impacts affecting coastlines around the world.  With limited resources an effective and efficient way to assess coastline vulnerability needs to be adapted and implemented to prevent further social, economic and ecological loss. The Isle of Sheppey has historically suffered from coastal erosion, but the problem is exacerbated by its geological vulnerability. London clay is particularly prone to cracking during periods of dry weather and the impact of subsequent heavy rainfall causes land slippage. There are many different types of Coastal Vulnerability assessment, but there is no consistency on their application. The Coastal Vulnerability Index methodology used on the Kwa-Zulu Natal, South African coast by Palmer et al., (2011) was considered to be appropriate for this study.  Specific locations of the Isle of Sheppey’s north coastline, notably Minster-on-Sea, Eastchurch and Warden Bay were selected due to recent erosional events and their tourism and residential relevance. Measurements of five physical parameters were ranked and scored, and social, economic and ecological assessments were carried out using Ketchum’s (1971) coastal user matrix. Average Coastal Vulnerability Index (CVI)score was 16.29 which falls within the ‘moderate’ scale. However, when interrogating each individual site, data showed that the east part of the cliff falls into the lower end of ‘Moderate’ with a score of 14.9- 15 while the north cliffs fell into the high end of ‘Moderate’ with a CVI of 16-17. The Ketchum analysis showed that conservation, residential and recreational areas would be most affected by erosion. Using an average erosional rate and distance to High Water mark analysis (as suggested by Palmer et al. 2011) it became clear that residential and tourism sites would likely all be lost over the next 60 years without interventional management. Two previous Shoreline Management Plans (SMP) had concluded different management responses. However, the results of this study align with both to some degree. The conclusion of this vulnerability assessment is that Minster to Eastchurch sites should be No Active Intervention (NAI). Warden Bay sites should be Hold the Line (HTL) and Managed Realignment (MR).
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[bookmark: _Toc40107731] 1.0 Introduction 
Coastal areas are being significantly impacted by events from the sea and land. These events are not just causing erosion all over the world but also affecting the livelihoods and safety of people that live on the coast. Erosion is a natural occurrence, however, is seems that human influences are antagonising the situation. (Jonah et al.,2016). 
The erosion is causing damage or loss to wildlife, their habitats and human properties. Some habitats are home to endangered fauna and flora; once the land is gone, they have nowhere else to go. Erosion can also cause significant disruption to breeding areas and hunting grounds. Additionally, flooding is occurring more frequently and damaging areas of land. 
Hartmut Aumann and a study team found a correlation between the warming seas and the frequent increase of extreme storms. Fifteen years’ worth of data illustrated that when the surface water was higher than 28 degrees Celsius it would trigger a storm that produced 3 millimetres of rain per hour over a 16-mile area. The data also confirmed, that for every 1 degree increase in the surface water temperature, 21 storms would be produced (Aumann et al., 2018). Increasing storm occurrence makes coastal areas more vulnerable. Warmer temperatures create a thermal expansion of the sea water and this results in rising sea levels. This warming, although part of a natural cycle, is being exacerbated by human-induced climate change. Low-lying areas will be greatly impacted from sea level rising. Two point four billion humans are estimated to live on the coast (The ocean Conference, 2017). A paper written by Zhang et al., (2004) found this while observing and collecting data in the 19th and 20th century. They stated:
          “coastal erosion problems witnessed in the 20th century will be exacerbated in the 21st century under plausible global warming scenarios”. (Zhang et al., 2004, p:1)
Given the current weather patterns experienced in the United Kingdom (U.K.), at the start of 2020 flooding and storm events appear to be increasingly prevalent and seem to concur with this forecast.
The State of Nature Report in 2019 revealed that in the UK, 41 percent (%) of the country’s wildlife species had declined over the past 50 years and 13% were threatened with extinction in England alone. Flooding has recently become widespread and events that used to be 
2

classed as a “in 100-year event” are now happening much more frequently. During the month of February 2020, three named storm events hit the UK in close succession creating significant flooding inland to many parts of the country and forced the Environment Agency to declare that we are now in “unchartered waters” (Davies, 2020). While storm erosion is often considered in terms of coastal events, a warmer climate is also generating much more extreme rainfall which impacts river basins and creates soil erosion. Depending on the geological setting, some soils are far more vulnerable to degradation and landslides. 
The South-East of England is known for being the commercial capital of the U.K. Many believe that in this location there are no particularly noteworthy landscape features other than that of the seaside. However, there is a small Island, the Isle of Sheppey, surprisingly few people are familiar with its location and the fascinating wonders that it holds. The island is 16 Kilometre (km) long, and 7km wide with an area of 90km2 (Young, 2014). The population is estimated to be 22,012 (Kent County council, 2019) and tourism is the main source of income, with approximately 20 caravan parks on the Island. The Island is being affected by sea level rise and coastal erosion. There are two contrasting environments on the Island that need very different strategies to manage the impact of the coastal erosion. 
The sediment on the Island is predominantly London clay and can be found on the north side of the Island, marsh land is found everywhere else. The clay is permeable but prone to desiccation during periods of dry, warm temperatures. It will expand in periods of high moisture levels and contract during dry periods of the year as that moisture leaves. This process is further impacted where there are large trees drawing moisture from the soil.  As a result, land can become excessively dry and shrink dramatically, sometimes giving it a cracked and baked appearance (Hopps, 2018). This process, together with sea level rise and increased storminess, makes areas of the Isle of Sheppey extremely vulnerable to erosion and cause social and economic consequences.
Coastal erosion in the area is not new and has been a problem on the Isle of Sheppey for a very long time. In 1595 St James Church, first lived in by James Barnard (Hasted, 1798), was built to replace another that had been lost to the sea due to erosion (Tyler, 1994). Tyler (1994: 132) mentions in reference to Warden Bay:
    “The small hamlet of Warden had almost disappeared, for here the coast erosion is at its worst, and within 700 years, two churches have been claimed by the sea”.
From these reports, coastal erosion on the Isle of Sheppey has clearly been happening since at least the 16th century. In 1883 there was a large slip of land at Warden Point which took the remaining churchyard of St James church. This same piece of land was estimated to be one hundred and fifty acres; however, this piece of land had previously been five hundred acres in size (Judge, 1997). While the cliff erosion is a natural process, with sea level rise due to climate change/global warming, rates of erosion will likely continue over the next 100 years. At present, the average rate of erosion is 1.5 metres per annum (Canterbury City Council Engineering Service, 2011) 
Although there is a large population at risk of losing their homes on the Island, Swale Borough Council has yet to commission an up to date vulnerability assessment for the area. The last report was undertaken in 2011 by the Engineering Services, and while recommendations were made, some do not appear to have been adhered to. However, in 2018 the Environment Agency did complete a ‘flood and erosion risk management’ assessment. This report highlighted the need for recommended actions to be undertaken that differed to those recommended in the Engineering Services Report of 2011.
Cost is a serious consideration that often limits the options available to local councils and currently the U.K. Government is challenging Local Planning Authorities to take a more long-term view.  In some cases, communities could be faced with coastal retreat rather than ‘defend the line’ options. In the case of the Isle of Sheppey, environments are very different and will likely need different, site specific management. 
This study will look at the current erosional impacts to the Isle of Sheppey. Several locations have been selected and a preliminary coastal vulnerability assessment will be used. Using the methodology by Palmer et al., (2011) for a study of the KwaZulu-Natal in South Africa, similar protocols will be applied.
[bookmark: _Toc40107732]1.2 Aim and Objectives
The aim of this dissertation is to determine the physical vulnerability of coastal areas on the Isle of Sheppey. In doing so, to identify social, historical, economic and ecological features, the objectives will be as follows:
1) Review historical records, creating a timeline for erosion.
2) Compare and contrast previous vulnerability assessments around the Isle of Sheppey.
3) Review best practices elsewhere for appropriate application on the Island.
The first stages of any vulnerability assessment however will be to establish the site specifics, physical background and the various methodological approaches used elsewhere. This will be presented in the following chapter.






















[bookmark: _Toc40107733]2.0 Literature Review 

The aim of this report is to determine the physical vulnerability of coastal areas on the Isle of Sheppey by identifying social, historical, economic, and ecological features. First it is important to understand what the main causes of erosion are, what weather patterns/trends are increasing vulnerability and whether any additional factors may be contributing to landscape instability. In order to determine priorities for coastal protection, an understanding of economic and social risks must be reviewed. It is also useful to identify any historical trends that could inform future predictions and a review of relevant literature is therefore necessary.
[bookmark: _Toc40107734]2.1 Climate Change and Sea Level Rise
Since the 19th century scientists have seen the effects of global warming on the planet. According to an article from the National Aeronautics and Space Administration (NASA) published in 2018, that year (2018) was the fourth warmest year on record. In fact, in 2018, global temperatures were 0.8 degrees Celsius warmer than between the period 1951-1980. 
This increase of temperature is largely due to climate change and the burning of fossil fuels, although there is a natural flux to temperature change also. When fossil fuels are burnt carbon dioxide, it is emitted which if not captured and stored will be released into the atmosphere (Forest Research, 2020). Along with other emitted gases, they cause the ‘greenhouse effect’. This phenomenon results in elevated global temperatures which in turn leads to other impacts such as glacial melt and sea level rise. (NASA, 2020)
Historically these fluctuations occurred naturally, without the influence of man-made emissions and in fact such events ended the last Ice Age. However, man’s contributions appear to be accelerating the natural cycle as recognised by College (2015).  
“This has relevance too today since we've already raised CO2 by more than it increased at the end of the Ice Age, and we're on track to go up much higher this century—which adds credence to the view that most of the world's glaciers will be largely gone within the next few centuries, with negative consequences such as rising sea level and depleted water resources,” (College, 2015: p .1) 
The impact of sea level rising will be a negative one all around the world, but the effects are already being seen around the United Kingdom’s coastline. Some of these effects are high tides, storm surges, natural defences being damaged and erosion of natural and man-made structures (Global Warming Effects on Sea Level, 2011). However, the local population, landscape, economics of the area, wildlife (habitat and population), buildings and infrastructure will be impacted by all of this too. Average sea levels are now the highest since records began and rose by 13-20 centre metres (5-8 inches) between1900 to 2018 (Anon, 2018). Much of this is attributed to glacial melt as well as thermal expansion of the oceans and this trend is likely to continue.
In the last few years stronger and more frequent storms have been experienced. The practice of naming storms began in 2015 to indicate significant meteorological events. A storm name is chosen to reflect the severity the weather is expected to have and whether it will cause an amber or red warning to the public. (Met Office, 2020).  Between September and the end of December 2015 there were six named storms. In 2016, eight were recorded, in 2017 seven and in the first six months of 2018 there were five named storms. It appears that in the last few decades the prevalence of intense storms is increasing in frequency and impact. 
Due to the increased storm activity there is typically more rainfall which can lead to waterlogging and frequent landslides. Essentially intense rainfall, snowmelt, changes in groundwater and surface water levels can cause sediment to move which in turn causes landslides (Bobrowsky and Highland, n.d). Land slips can occur naturally or as a result of seismic activity. On the Isle of Sheppey, it is a mixture of natural, weathering and possible seismic activity that is affecting the coastline.
[bookmark: _Toc40107735]2.2 Environmental Vulnerability Assessments
Coastal areas have become popular to live near, this raises the risk of ecosystems being harmed due to developments and hazardous products. Such coastal developments can lead to reduced environmental integrity but building within inappropriate locations that are prone to flooding or coastal erosion, demands some form of risk assessment. Legislation on environmental impact assessment has improved in the UK in recent years but Planning Authorities still differ in their approach to such risk assessment. There are also areas that historically have been developed without consideration of changing weather conditions and future planning therefore requires a reassessment of vulnerability and decision making. Not all areas will be able to be protected from future problems either economically or physically and consequently tough decisions will have to be made. In order to make a considered approach, different forms of environmental assessment have been looked at. 
One such method was the Checklist derived from the project ‘Decision Making in Dune Management: Theory and Practice’ (Curr, Davies and Williams, 1995). Although this method looks at dune management, there were some applications that could potentially be applied to the erosion on the Isle of Sheppey. The paper looked at vulnerability and protection of dunes by using The Checklist, this is an organised approach to collecting data and analysing it. The five areas to be considered are: 1. Site and dune morphology, 2. Beach condition, 3. Surface character of seaward 200m, 4. Pressure of use and 5. Protection measures. Each of the five points are a “characterised list of problems, rated and evaluated with respect to dune vulnerability and protection” (Curr, Davies and Williams 1995: p.5)
However, the characteristics were quite different when applied to the Isle of Sheppey. There were also limitations due to the large number of sites which would be needed to carry out this survey, and therefore this methodological approach was discounted.  
Another method that was considered was Bi-polar scales. A Bi-polar scale is used in geography to measure the environmental quality of residential and perception factors. This is achieved by using a grading range of -5 to 5+, 0 being neither good nor bad (Anon, 2020a). Depending on the surveyor, a variety of areas can be looked at, for example vulnerability of erosion, the aesthetics of location, access to area and risk levels. However, this method is subjective in terms of perception scoring and often criticised for a lack of easily quantifiable and replicable results. 
In respect of this research method, it seemed to focus more on the human perception rather than quantifiable metrics.  The scale is mainly based on how local people feel about the area and their interpretations.  For example, one person could think the area looks nice, but another may perceive the scenic value as being low. It was felt that if this method was used in isolation then  data collected would not really identify the coastal erosion happening; That said, there is a role for scenic assessment and valuing a landscape which could be incorporated into future risk analysis, particularly with regard to socio economic importance.
The final selected method considered relevant to this study was the Coastal Vulnerability Index (CVI) method used by Palmer et al., (2011). This method is also a form of an environmental vulnerability assessment. Palmer et al., (2011) used this method in Kwazulu-Natal, South Africa. The coastal area investigated was divided into 50 metres by 50 metres cells, these cells were then rated depending on its vulnerability of key physical indicators. The method was intended as a quick surveying process, the key variables being beach width, dune width, percentage of rocky outcrop, distance (width) of vegetation behind back beach and distance to 20 metres isobath (Palmer et al., 2011).  These indicators are applied to the study and can be easily adapted to this research project area on the Isle of Sheppey.
In Palmer et al., (2011) he also mentions that social, economic, and ecological components should be investigated too. Therefore, the Ketchum (1972) method will be used to assess this area. The method examines potential coastal conflict within coastal areas when deciding upon strategic management options. The method has been adapted by many because of its application to all coastal sites where maritime usage often presents conflict (Jenkins et al., 2009). The six categories to use are residential and recreational, industrial, and commercial, agriculture, aquaculture and fishing, military and strategic, waste disposal and conservation.
[bookmark: _Toc40107736]2.3 Coastal Management 
The United Kingdom is experiencing considerable coastal erosion. Thirty percent of England’s coastline is eroding, along with 23% of Wales, 20% of Northern Ireland and 12% of Scotland’s coastlines are affected. (Marine Climate Change Impacts Partnership (MCCIP), 2020).
[image: ]
Figure 2.1 Areas in England and Wales which are affected by erosion and have Shoreline Management Plans. Arcgis (2020)
Therefore, many Local Authorities and Shoreline management personnel are having to deal with challenging infrastructure and development plans which take account of erosional and flooding risk. What were considered as appropriate management measures previously are perhaps now no longer fit for purpose.
There are many different types of coastal management plans and many ways to assess risk impacts or future management. A well-used method is that of the Shoreline Management Plan (SMP). 
A shoreline management plan is part of an operational management strategy to plan and prepare for anticipated natural resource management or development. It will take account of tidal patterns, wave direction and height, movement of the beach and seabed materials, and coastal user conflict. Ultimately this is done to help lower the risk to people, cultural and natural environments and the future developments. Once the assessment is done it will allow for sustainable and suitable plans to be put into place for the short, medium and long term (UK Government, 2019). Due to the constantly changing environment, assessments need to be carried out regularly.  
The Shoreline Management Plan has four approaches to managing coastlines; these four approaches will consider risk to humans and environment (DEFRA, 2006). The approaches are:
Hold the Line (HTL), this means sea defences need to be maintained, upgraded or replaced. This is so the shoreline is kept in its current position. 
Managed Realignment (MR), this means that sea defences can be moved inland to make way for a natural shoreline or estuary. 
No Active Intervention (NAI), this means sea defences should no longer be maintained, replaced or upgraded. It also means that defences should not be put in if there are not some in place already and it can mean that old defences are to be removed. There is no longer any economic justification to protect this area. 
Advance the Line (ATL), this means new sea defences can be built seaward from old defences. 
These are typical of decisions that Coastal management make during a standard ten-year review and ultimately these plans need to be flexible enough to adapt to changing conditions. Four key U.K. case studies are briefly explored in the next section to show how differing economic, social or strategic infrastructures can influence which of these decisions are ultimately made. 
Dawlish Warren, Devon in 2018 was given the status of hold the line (Arcgis, 2020). After a severe weather event in 2014 the land under the Dawlish railway eroded away (Channel 4 News, 2014). The railway sat atop the seawall which once eroded, left the homes that sit behind vulnerable with an increased chance of flooding. The railway was a source of income for many of the community; not only did the railway suffer, so did the tourist and fishing industries which saw an economic impact which is estimated to be between £60million to £1.2 billion (BBC, 2015a). The hold the line status was put in place because of these reasons, the defences were to be repaired where it could and the rest of the wall was to be replaced and made higher (European Union, 2016).  
Fairbourne, Wales report in 2019 laid out the results of the SMP2 and its plans for the erosion from the year 2025 to the year 2105. From the year 2025 the policy is to hold the line, from the year 2055 the policy is to adopt managed realignment but in 2105 there will be no active intervention (Bennett-Lloyd et al., 2019). ‘The relevant SMP2 policies for the area from 2055 to 2105 advocate realigning the current defences which may require the village to relocate or move back to a safer location.’ (Bennett-Lloyd et al., 2019).
Happisburgh, Norfolk SMP in 1999 was to hold the line, but when reviewed in 2006, this changed to managed realignment. However, a SMP in 2012 said that it could hold the line as it was possible physically and with access to funding in the short term. This status was decided because, ‘Although there are implications, such as loss to erosion of residential properties and amenities at Happisburgh, these are not sufficient to economically justify building new defences along this frontage.’ (AECOM, 2012: p.95). The council will continue to minimise the rate of erosion by maintaining the rocks along the shore. However, the council will not rebuild or extend the current defence systems and will allow the cliff to natural erode when there is no longer anything to be done. (AECOM, 2012).
Holderness is another area in the UK that is experiencing erosion. A report from 2010 on the SMP said that the eroded areas between Bridlington, Hornsea and Withernsea has the status of no active intervention. This status was decided because ‘To lesser and greater extents the benefits outweigh the costs of continuing to protect the towns of Bridlington, Hornsea and Withernsea.’ (Lincolnshire County Council, 2010: p. 75).  
It is important to first establish the location of study before carrying out any assessments. The study area will be reviewed in the next chapter. 








[bookmark: _Toc40107737]3.0 Physical Background

The Isle of Sheppey is a small Island in the South-East of England. It is part of the North-East of Kent and lies at the mouth of the River Thames, sitting in the junction by the mouth of the River Medway (Judge, 1997). The Isle of Sheppey was once made of three different islands, Sheppey, Isle of Harty and Isle of Elmley; over time they formed in to one and became to the Isle of Sheppey. A Swale is the reason why it is detached from the mainland but connected by two bridges, the Sheppey Crossing and the Kings Ferry Bridge. The cliffs are on the north side of the island which faces the North Sea. London Clay is the sediment of the cliffs and can be found in the parishes of Minster-on-Sea, Eastchurch and Warden Bay (Young, 2014).
 “Although the toe of the cliff has been protected from erosion by new rock armour revetment, the cliff top will continue to erode by shallow landslides and weathering at an exponentially decreasing rate over the next 500 years or so until it reaches its natural angle of repose of 11 degrees.” (Canterbury City Council Engineering Services, 2011: p.21)
 The population of the Isle of Sheppey is estimated to be 22,012 (Kent County Council, 2019) and tourism is the main source of income, with approximately twenty caravan parks on the Island.
Although this little Island is not known by many people it has a lot of interesting history to consider. 
[bookmark: _Toc40107738]3.1 History of the Isle of Sheppey 
“Sheppey was first mentioned in “Geogrephike Huphegesis” written by the Grecain historian, Ptolemy in the year 161 A.D. It was then called “Toliapis”” (Tyler, 1994: p.1) 
The history, the local people and the wildlife that can be found here, motivated the author to investigate the area and create a management plan to save some of the affected areas. These historical events can be seen in Figure 3.2.
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Figure 3.1. Locations on Sheppey: Green marker is Sheerness, Blue marker is Queenborough, Yellow marker is Leysdown and the Pink marker is Shellness. Google (2020)
	Location and Year
	Historical Event 

	Queenborough, 1338
	King Edward III and his Queen, Queen Phillippa, built Queenborough Castle. Once the Castle was completed in 1361, they would frequently stay in the castle. The King loved the area so much he converted the Minster and Bynne marshlands into a corporate town. He also renamed Reginaburgia to Queenborough and this is still its name to this day (Tyler, 1994). However, the castle is no longer there but a section of the throne room still sits upon the hill with flowers surrounding it.

	Leysdown, 1752
	Mr. Edward Jacobs from Faversham moved to the island (Tyler, 1994) and was one of the first geologists to attempt to catalogue and identify fossils found on Sheppey (Judge, 1997). While looking for fossils Mr. Jacobs found many rare and interesting items, a few are; a skull and tusks similar to elephants, bones of primitive animals with hooves, a large scaled fish with teeth meant for crushing (Judge, 1997) and many more fossils, a lot of these findings are thought to provide evidence the island was once a tropical land. No dinosaur bones have been found but with erosion continuing to happen there are many things still being found. A hundred years after Mr. Jacobs, Mr. Shrubsole from Sheerness was the geologists discovering fossils (Judge, 1997). It is because of these fossils and ones still being found that the cliffs from Minster to Warden Bay was given a Site if Special Scientific Interest (SSSI) (Swale Borough, 1984)

	Eastchurch, 1911
	The Short Brothers built a twin-engine for an aircraft (Tyler, 1994). The Short brothers were the first to build a British manufactured aircraft and built the first aircraft factory on the Isle of Sheppey, first in Eastchurch and then Shellbeach (English Heritage, n/d) (now known as Shellness).

	The Isle of Sheppey, 1916
	The whole of the island is declared as a controlled military location, it became one large military base and was known as ‘Barbed Wire Island’. The Royal Navy base in Sheerness was considered a key location to fight against any enemy attacks (Hughes, 2006).  

	Sheerness, 1940
	While the Dunkirk operation was active the Navy dockyard at Sheerness was used as an assembly point for the ‘little ships’ (Hughes, 2006).

	Sheerness, 1944
	‘One and half miles off the shore at Sheerness on the 20th August 1944 the SS Richard Montgomery sank; at the time of her sinking she was carrying ‘13,064 general purpose 250lb bombs, 9,022 cases of fragmenting bombs, 7,739 semi-armour piercing bombs, 1,522 cases of fuses, 1,429 cases of phosphorus bombs, 1,427 cases of 100lb demolition bombs and 817 cases of small arms ammunition’ (Tony, 2007: p.1)
By September of the same year half of the explosives were removed by a company in Rochester (Tony, 2007). The SS Richard Montgomery is still in this location and is talked about every year because of the danger to the surrounding areas located around the ship. In 1970 an assessment was carried out on the wreck by the Royal Military College of Science which predicted what would happen if the remaining bombs were to explode.
‘a 3,000-metre-high column of water and debris and a five-metre-high tsunami. This would overwhelm Sheerness and the Water wave, possibly carrying burning phosphorus’ (Harris, 2019: p.1).


Figure 3.2 Historical moments on the Isle of Sheppey.
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The general weather conditions on the Isle of Sheppey are in keeping with the South of England norms.  In Spring, moderate rainfall is experienced with the odd warm day and Summers tend to be hot, very humid and can reach up to 25-30 degree Celsius on average. Autumn is similar to Spring and Winter can be very cold and wet with snow in the January-February months (BBC Weather, 2020).
The island has also been hit with significant weather events in the past and continues to see them now. 
Table 3.1. Notable Weather events and erosion events on Sheppey.
	Weathering Event 
	Erosion Event 

	1097 – Large sea waves led to parts of Kent being washed away, this included Sheppey (Tyler, 1994).
	The author could not determine if there was an event this year.

	1760-1820 Sheppey experienced arctic winters.  1776 and 1789 the ice around Sheppey was 5 inches thick - local people were able to walk across to the mainland (Tyler 1994).
	5th March 1800 a large landslip occurred, it was 500 foot (ft) long and 150ft wide. This slip was between Warden Bay and Leysdown (there are no longer cliffs between these villages). Another slip of similar size in Minster led to houses, barns and outbuildings being lost. This was later called ‘Busby Hole’ (Tyler, 1994)

	The author could not determine if there was an event this year.
	1870 The Illustrated London News reports a landslip of an acre in Minster went into the sea; the land below was an area in which fossils could be found (Brigden Reid, 2006)

	March 1883 was very cold with a 2.7 degree Celsius. Noted as one of the coldest March on record (Anon, 2020b).
	1883 the foundations and churchyard of St James church in Warden Bay was taken down to the sea in a land slip. The old village was also slowly taken down to the sea with landslides demolishing cottages and farms. After the village disappeared postcard photos/drawings were no longer taken as this point (Brigden Reid, 2006)

	31st January 1953 hurricane winds, unexpected high tides overwhelmed sea defences, 22ft high waves reached over the seawall, flooding the Dockyard and Blue Town, a lot of damage was seen (Hughes, 2002).
	The author could not determine if there was an event this year.

	February 1953 another flood of 4ft damaged Sheerness and Blue Town, the marshlands and Swale were underwater- many livestock drown, East of the island Leysdown was flooded too with damage (Tyler, 1994).
	The author could not determine if there was an event this year.

	Winter of 1971/72 South and Southeast of England was very wet and overcast, the worst three months (Anon, 2020b).
	November 1971 landslip at Warden Point; 30metres (m) land lost over a 200m area (Swale Council, 2013)

	Winter 1978/1979 the coldest since 1962/1963.
Spring 1979 was the coldest and wettest of the 20th Century.
Winter 1979/1980 one of only five winters recorded to have 5 or more severe gale or storms (Anon, 2020b)
	March 1979 landslip at Swanley Farm, 1 acre was lost and dropped 30m (Swale Borough Council, 2013)

	Winter (December, January, and February) 1979/1980 one of only five winters recorded to have 5 or more severe gales or storms
Spring 1980 was one of the driest at the time, the only other driest period prior to this was August to October of 1959.
Winter 1980/1981 was mild but the driest since 1963/1964 (Anon, 2020b).
	January 1980 Ashcroft Coast Holiday Park landslip of 30m, two caravans were also taken over (Swale Borough Council, 2013)

	March 10th/11th 2013 low pressure led to large snowfall to south east coast of England with high winds. Snow was heavy or drifting. With continued conditions March the 20th to 24th brought a frozen zone from East England to North Wales up to Ireland and Northern England; because of this March 2013 was the coldest month since 1883/1784
Spring (March, April, and May) 2013 had an average of 6.9 degree Celsius which was the same as 1962 but the coldest recorded spring was in 1891.
Summer 2013 was warm, the average temperature was 16.3 degree Celsius and was the warmest since 2006; there were thunderstorms with heavy rain, large hail and high winds, with 101mm of rainfall in some Eastern parts of England
Winter 2013/2014 was wet with heavy rain fall (Anon, 2020b).
	2013 Ashcroft Coast Holiday Park has a landslip that forces the owners to retreat further inland (Nurden, 2016a)

	September 2016 had a heatwave from the 12th to 15th, with flash flooding in parts of the UK (Past Weather Events, 2020).
November 2016 strong wind with heavy rainfall from storm Angus, heavy rain caused flooding to South-West coast and high winds caused damage to the South coast (Anon, 2020b).
	October 2016 Ashcroft Coast Holiday Park loses another 70ft of cliff due to heavy rain which caused a mud slide (Nurden, 2016a)



Although there has not been a reported landslip on the Isle of Sheppey since 2016, there have been many, as not every slip is reported upon. Evidence can be seen from the base of the cliffs. During World War II ‘pill boxes’ were built on different parts of Sheppey; the ones located in Warden and Eastchurch can now be found yards away from the bottom of the cliffs. These structures were originally built on top of the cliff 50 metres inland (Nurden, 2016b).
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Figure 3.3. 1971 map of Sheppey at Warden Point layered on top of a 2020 map of Sheppey. This shows the 1971 landslip at Warden Point, the thick black line is the 1971 cliff edge.
While Sheppey is not a well-known island, there are many news articles reporting on the community, locals and government bodies requesting help from the UK Government. So desperate are some, that many have come up with their own ideas to help with the erosion or have funded their own sections of cliff protection to slow the erosion down.
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Swale Borough is made up of four towns and many villages; the four towns are Sittingbourne and Faversham on the mainland and then Sheerness and Queensborough on Sheppey (CPRE Kent, n.d.). A large percentage of Swale Borough are countryside villages and the Borough also contains North Down Area of Outstanding Natural Beauty (AONB).
The economy on the island is mainly from tourism; the first every holiday camp on the island was opened in 1934 in Leysdown at Nutts Farm, sleeping tents could be hired out in one of the meadows and this became so popular that other land owners followed and this was how the camping/holiday industry started on the island (Tyler, 1994).
A report carried out by Destination Research in 2015 on The Economic Impact of Tourism in Kent showed that Swale Borough ranked 6th in domestic trips, with overnight stay spending, bringing in £45 Million a year. Further, the Borough ranked 9th with £11 million in overseas spending; this was compared to the other 13 districts in Kent. 
As stated in section 3.0 there are 20 Caravan sites on the Isle of Sheppey, 12 of which can be found on the cliffs in Minster, Eastchurch and Warden Bay. Most are sitting at the cliff’s edge and clearly the local economy on the island will suffer if these sites disappear. Not only are the caravan sites at risk but so are residential homes. During 2015 in Eastchurch 16 homes were identified as being in danger of going over the cliff (BBC, 2015b); this was nearly 5 years ago, and more erosion has happened since then. Additionally, Minster and Warden Bay also have many homes and farms sat close to the edge.
Other industrial sectors on Sheppey are the Port in Sheerness which takes shipments of cars, vegetables and meat (Anon, 2020c) to be dispensed to other parts of the UK. There is an offshore wind farm that can be seen from Warden Bay and agriculture 
plays a large part on Sheppey as most the fields are used for livestock grazing or for vegetable growth.
As Sheppey is surrounding by water a lot of local people own boats or jet skis which they will used on the water surrounding Sheppey. This is also the reason a lot of people visit to go fishing; one of the main hobbies of the local population.
[bookmark: _Toc40107741]3.4 Fauna and Flora
Sheppey was and is known for some important species of fauna and flora. Elmley Nature Reserve is home to lapwings (Vanellinae), redshank (Tringa tetanus), butterflies, rare bees, and many more species (Elmley National Nature Reserve, 2020) but other species can be found around the rest of Sheppey. 
In terms of flora, in Warden Bay there is an area of trees near Warden Springs Caravan Park which houses Ash (Fraxinus spp.), Sycamore (Acer pseudoplatanuds), Hawthorn (Crataegus spp.) and English Elm (Ulmus minor ‘Atinia’). Dutch Elm disease and erosion has seen this section get smaller (Badmin, 2014). Minster has a large section of trees that were planted in the last twenty years with Ash, Hornbeam, Sycamore and Sorbus (Bamin, 2014). Eastchurch had a section of trees planted in 2000, they planted; Silver Birch, Oak, Ash, Hawthorn and Beech with a grassy walkway through the trees to aid in biodiversity (Badmin, 2014). These species of trees are not rare or special but are in place to aid in stabilising the soil on the cliffs.
Flora is not the only thing that can found on Sheppey, although many locals think that the greatest species of fauna on the island is the Euscorpius flavicaudis, otherwise known as the yellow-tailed scorpion (these can be found in Sheerness near the dockyard). The population is thriving in Sheerness with an estimated 15,000, this population in Sheerness is the longest established and most successful in the UK dating back to the 1800’s (Finnie, n.d.).
On the whole of Sheppey there are thirty seven species of rare flora such as, four species of Saltmarsh Glasswort (Salicornia), two species of Saltmarsh Grasses (Puccinellia), Eelgrasses (Zostera), Sea Spurge (Euphorbia paralias), Ray’s Knotgrass (Polygonum oxyspermum), Yellow Vetchling (Lathyrus aphaca), Sea Clover (Trifolium occidentale), Clustered  Clover (Trifolium glomeratum) and Least Lettuce (Lactuca saligna) (can only be found in less than 5 x 10km squares in England) (Badmin, 2014). When it comes to invertebrates the island is home to 207 species that are on the red list or county conservation ranked:
Table 3 .2.  Illustrating some of the rare species of invertebrates on Sheppey found by Badmin (2014). Any along the northern cliffs or northern part of Sheppey are vulnerable to loss because of erosion.
	Species
	Location Found

	Stag Beetle (Lucanus cervus)
	Sheppey

	Great Silver Water Beetle (Hydrophilus piceus)
	Sheppey

	Striped Horsefly (Hybomitra expollicata) and Saltmarsh Horsefly (Atylotus latistriatus)
	Along the Northern part of Sheppey (cliffs)

	Sea-aster Bee (Colletes halophilus)
	Along the west and south of Sheppey.

	Shrill Carder Bee (Bombus sylvarum)
	Along the northern cliffs

	Hairy Rove Beetle (Emus hirtus)
	This can only be found in two places in England Elmley on Sheppey being one.



Table 3.3. Mammal species that can be found on Sheppey.
	Species 
	Location Found

	Water Vole (Arvicola amphibious)
	All Over Sheppey

	Brown Hare (Lepus europaeus)
	All Over Sheppey



Although some of these species might not directly be affected by the erosion on the north of Sheppey they could be impacted in the future. Young (2014) has suggested that in years to come the Isle of Sheppey will be under water and because of this it will return to being three islands again.  This was based on past and present erosion along with climate change at the 2010 SMP for Sheppey. Both young (2014) and Stanford (2014) have discussed the impact that the continued erosion will have on the wildlife.
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Figure 3.4. The Future of Sheppey? Chris Young (2014)
[bookmark: _Toc40107742]3.5 Geology
As mention in section 3.0 the sediment of cliffs on Sheppey are London Clay, however some areas do contain other sediments. London clay was laid in the Eocene period 48-52 million years ago along the Thames Estuary, and the thickest parts of London clay can be found in Minster with a thickness of 146-157 metres.  At this thickness there also seems to be two outliers that act to protect the sediment (Young, 2014). One of the outliers is sands and clays from the Claygate Beds which are up to 3 metres thick and the other outlier is fine sand with flint pebbles from the Bagshot Beds which are 10 metres or less (Young, 2014).
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Figure 3.5. Break down of the geology on Sheppey. Young (2014)
After a SMP published in 2010 on the Isle of Grain and South Foreland, a strategy was created to help policies be reviewed, developed, updated when needed and delivered (Environment Agency and MOTT Macdonald, 2018). This strategy called the Medway Estuary and Swale Coastal Flood Strategy (MEASS), first came into being in 2017, and was the result of a joint Environment Agency, Natural England and Local Councils collaboration (Environment Agency, 2018)
The first report was released in 2018 to explain what MEASS is and to construct a SMP on several different locations. This report looked at risks of flooding, erosion and effects of climate change, while further discussing ways of managing them (Environment Agency, 2018). What is interesting about this area is the fact that a report from to 2011 carried out by an engineering service, when compared to the 2018 report carried out by the Environment Agency, had different findings regarding the cliffs on Sheppey. There is a larger gap between these times so the environment has changed but there has been no report carried out in between.
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Figure 3.6. Illustrates the decisions from the Medway Estuary and Swale Flood and Erosion Risk Management Strategy 2018, on the cliff on the Isle of Sheppey. This report decided on No Active Intervention (NAI, Red). Google (2020)
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Figure 3.7. The North Sheppey Erosion Study Volume 1: coastal Adaptation Study 2011 report SMP. They suggest that Minster Slopes to Warden Bay should have No Active Intervention (NAI, Red) but Warden Bay to Leysdown-on-Sea should Hold the Line and Managed Realignment (Green) while Minster ‘Town’ Hold the Line (Yellow). Google (2020)
To be able to carry out the Coastal Vulnerability Index (CVI) and Ketchum (1972) the methodology first needs to be examined in further detail; this will be done in the next chapter.
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This section will outline the methods that will be used to carry out the vulnerability assessment of the coastal cliff on the Isle of Sheppey.
[bookmark: _Toc40107744]4.1 Physical Assessment 
There have been many assessments carried out on the Isle of Sheppey cliffs, sometimes they can be sporadic. When these assessments have be carried out, they have been completed in different ways resulting in differing results. As mentioned previously in the Literature Review, the method chosen was developed by Palmer et al., (2011) for KwaZulu-Natal, South Africa. This method was intended to be easy and quick to use. Other methods were considered (2.2) but thought inappropriate to use because more site areas were needed, characteristics were not compatible or were based on how the public felt and not the environment itself. 
To be able to complete this assessment nine locations were selected along the North of the Isle of Sheppey (Figure 4.1). These sites were selected due to historical erosion, current erosion, and the danger of losing businesses and homes. The areas selected have all been surveyed in the past by various agencies and will be compared later.
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Figure 4.1 Aerial Map of North Sheppey, the selected sites to collect data. Google (2020)
The following three villages have been identified for assessment, Minster-on-Sea, Eastchurch and Warden Bay. At each village location three sites will be surveyed. The data from these nine locations will form the basis for discussion in this dissertation. The rationale for selecting these sites was based on their importance of location and how the impact of erosion will affect the economy and residents of Sheppey. Redcot Caravan Park is a small family run holiday park with the owners living locally; Ashcroft Coast Holiday Park, Palmtree Management and  Warden Springs Caravan Park are some of the largest in terms of visitor numbers; Bellfarm Lane, Surf Cres, Third Avenue, Warden Road and Cliff Drive all have residential homes on. All sites were selected because of how close they are to the edge of the cliffs and what impacts the loss of these area would mean to the community. Most selected residential sites only have one access road which sits at the cliffs top and if the erosion continues the areas will be effectively cut off. Table 4.1 shows the selected locations on Sheppey 
Table 4.1. Locations on Sheppey selected for the Assessment.
	Minster-on- Sea 
	Eastchurch
	Warden Bay 

	1} Bellfarm Lane
	4} Surf Cres
	7} Warden Road 

	2} Redcot Caravan Park
	5} Third Avenue
	8} Warden Springs Caravan Park

	3} Ashcroft Coast Holiday Park
	6} Palmtree Management 
	9} Cliff Drive



Following the Palmer et al., (2011) method, each site was divided into areas of 50 metres (m) by 50metres. Measurements were then taken every 5 metres and allocated a score based on the results from the key physical vulnerability indicators. Some of the variables are not appropriate to these sites and therefore will be given a score of zero.
Table 4.2 Rating of Physical Indicators.  
	Physical Parameter 
	Extremely Low (1) 
	Low (2) 
	Moderate (3) 
	High (4) 

	Beach width 
	>150m
	100-150m
	50-100m
	<50m 

	Dune width 
	>150m
	50-150m
	25-50m
	<25m

	Distance to 20m isobath
	>4km
	2-4km
	1-2km
	<1km

	Distance of Vegetation behind the back beach 
	>600m
	200-600m
	100-200m
	<100m

	Percentage outcrop 
	>50%
	20-50%
	10-20%
	<10%



When Palmer et al., (2011) developed this method, they adapted other approaches to include geomorphology, sociology and oceanography, thereby allowing assessment to be achieved quickly. In the case of this research, the most important variables were, beach width, dune width, percentage of rocky outcrop, distance (width) of vegetation behind back beach and distance to the 20-metre isobath. This was also the method adopted in Norfolk by Riseborough (2013).
[bookmark: _Hlk39486939]Beach width is critical, if the beach is wide the wave energy will dissipate before meeting/ hitting the shoreline (Linham and Nicholls, 2010). Dune width is important because it is a natural defence against storm damage, coastal flooding and erosion (New Zealand Government, 2020). The isobath of 20 metres was chosen, as the further out the tidal flats are, the more wave energy will be dissipated, meaning there will be less damage inland. Distance of vegetation behind the back beach is important as vegetation secures the land surfaces from wind erosion (Mackay Regional Council, 2017).
The results of the vulnerability assessment will naturally dictate what level of response or protection is needed. The scoring of the coastal vulnerability index (CVI) are shown below in Table 4.3 with rankings. The scoring is rated as:
Table 4.3 Ranking and Scores of Physical Parameters.
	Rankings
	Scoring

	Extremely Low
	1

	Low	
	2

	Moderate
	3

	High 
	4



Palmer et al., (2011) considered beach width, dune width and distance to 20m isobath the most important indicators, and locations that had a high score in these three indicators were at greater risk then those lower scoring locations. To be able to show the results as a statistic, the sites will be weighted by an additional factor of four. Once the scoring and weighting of each site is complete, the site will receive a ‘Total Relative Vulnerability Score’; which can be calculated with this equation:
Total Relative Vulnerability = a + b + c + d + e + f
a – Beach width vulnerability score
b – Dune vulnerability score
c – Distance to 20m isobath vulnerability score
d – Distance of vegetation behind back beach vulnerability score
e – Percentage outcrop vulnerability score
f – Additional weighting of highly vulnerable sites 
An example of this is a, b and c = 4; the maximum vulnerability score of any of the 9 sites can only be 24 (20 (max) + 4 =24 (max).
In the case of Palmer et al., (2011) orthophotographs were used, these are real images and not a representation of one.  This type of photograph can provide information of shape, size patterns, shadows, colour and texture (Northern Ireland Government, 2020). With these types of photographs, it allows scaled data to be accurately obtained from them. For this assessment, orthophotographs will be considered using Google My Maps with up-to-date maps from 2020. Google My Maps is a free and easy to use internet-based mapping tool. Another program that will be used is Mapinfo which is a Geographic Information System (GIS). Using both software’s will allow data from the sites to be gathered. The data will be collected by marking 50 metres by 50 metres sections;  the beach width, dune width distance of vegetation behind the back beach and percentage outcrop will be obtained by using Google My Maps and transect lines will be used to calculate their measurements. Distance to 20m isobath, however, will be collected by using Mapinfo; bathymetric data will be gathered from Digimaps.
[bookmark: _Toc40107745]4.2 Social and Economic Assessment 
While the physical vulnerability assessment is important, Palmer et al., (2011) also stated that social, economic and ecological parameters need also to be assessed. These should be reviewed after the physical assessment is completed. This is where the Ketchum (1972) Coastal User Assessment is useful. Ketchum (1972) examined potential coastal conflict within coastal areas when deciding upon strategic management options. The method has been adapted by many because of its application to all coastal sites where maritime usage often presents conflict (Jenkins et al., 2009), the adaptions have been made to fit the area. Using the six coastal user categories, Ketchum’s conflict matrix can also be applied to this research study as shown in Table 4.4.   
Table 4.4 Ketchum’s Coastal User Categories (adapted for Isle of Sheppey specific variables)
	Residential and Recreational 
	Industrial and Commercial 
	Agriculture, Aquaculture and Fishing
	Military and Strategic 
	Waste Disposal 
	Conservation 

	Housing, Holiday Homes, Sailing, Jet Skiing, Canoeing, Power Boating, Swimming and Surfing.
	Ferries, Shipping, Wind Power, Ports and Maintenance Dredging. 
	Livestock Farming, Drifts Nets, and Arable Farming.
	Aircraft and Shipping.
	Sewage treatment works and storm water overflows. 
	Heritage Coast and Sites of Special Scientific Interest (SSSI).
























[bookmark: _Toc40107746]5.0 Results, Data Analysis and Discussion

Having outlined the chosen methodology, this chapter will detail the survey’s measurements using   Google Earth satellite images at each of the nine selected locations. These nine sites are outlined in Figure 5.1. As previously discussed, these sites were identified because of their vulnerability and previous history of erosion events (s. 4. 1). This section will also be used to analyse the results of the data collected from each site. The average of each sites was taken to score it in accordance with Palmer et al., (2011). A discussion will take place at the end of this section on the finally results of the data collected.
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Figure 5.1 The nine selected sites on the Isle of Sheppey for the assessment. Google (2020)
At each of the three selected locations, several individual sites were chosen and are detailed in Table 5.1.
Table 5.1 Locations on the Isle of Sheppey.
	Minster-on-Sea
	Eastchurch 
	Warden Bay 

	1} Bellfarm Lane
	4} Surf Cres
	7} Warden Road

	2} Redcot Caravan Park
	5} Third Avenue
	8} Warden Springs Caravan Park

	3} Ashcroft Coast Holiday Park
	6} Palmtree Management
	9} Cliff Drive 



All measurements will be presented in table format to show the results of each indicator along the beach transects. As detailed in section 4.1, the key indicators used are beach width, dune width, distance to 20m isobath, distance to vegetation behind back beach and percentage of rocky outcrop. As each beach will be illustrated the same way, the key to each map is initially given in Table 5.2.
Table 5.2 Keys to Images and Results tables.
	Key to Images 
	Key to Results Table

	Purple lines
	50m Transect lines
	*
	These results have had to be estimated due to safety issues and Covid19 lockdown. 

	Black lines
	5m Transect lines
	
	

	Yellow lines
	Beach Width
	
	

	Green lines
	Distance to Vegetation Behind Back Beach 
	
	



[bookmark: _Toc40107747][image: ]5.1 Bellfarm Lane Measurements 
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Figure 5.2 Bellfarm Lane Transect. Google (2020)
Table 5.3 Bellfarm Lane Results. 
	[bookmark: _Hlk40012661]Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	10
	0
	6.11
	24
	0

	2
	11
	0
	6.11
	21
	0.1

	3
	9
	0
	6.11
	23
	0.1

	4
	9
	0
	6.11
	16
	0

	5
	12
	0
	6.11
	17
	0

	6
	13
	0
	6.11
	18
	0.1

	7
	16
	0
	6.11
	22
	0

	8
	16
	0
	6.11
	25
	0

	9
	15
	0
	6.11
	24
	0

	10
	14
	0
	6.11
	23
	0

	11
	17
	0
	6.11
	19
	0


[bookmark: _Toc40107748]5.2 Redcot Caravan Park Measurements
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Figure 5.3 Redcot Caravan Park Transect. Google (2020)

Table 5.4 Redcot Caravan Park Results. 
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	10
	0
	6.20
	49
	0

	2
	11
	0
	6.20
	60
	0

	3
	13
	0
	6.20
	65
	0

	4
	8
	0
	6.20
	61
	0

	5
	8
	0
	6.20
	65
	0

	6
	10
	0
	6.20
	96
	0

	7
	14
	0
	6.20
	107
	0

	8
	15
	0
	6.20
	121
	0

	9
	9
	0
	6.20
	129
	0

	10
	8
	0
	6.20
	59
	0

	11
	9
	0
	6.20
	67
	0




[bookmark: _Toc40107749]5.3 Ashcroft Coast Holiday Park Measurements
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Figure 5.4 Ashcroft Coast Holiday Park Transect. Google (2020)

Table 5.5 Ashcroft Coast Holiday Park Results. 
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	13
	0
	6.30
	24
	0

	2
	11
	0
	6.30
	23
	0

	3
	10
	0
	6.30
	33
	0

	4
	12
	0
	6.30
	26
	0

	5
	9
	0
	6.30
	42
	0

	6
	10
	0
	6.30
	39
	0

	7
	12
	0
	6.30
	49
	0

	8
	9
	0
	6.30
	58
	0

	9
	10
	0
	6.30
	56
	0

	10
	10
	0
	6.30
	40
	0

	11
	10
	0
	6.30
	43
	0





[bookmark: _Toc40107750]5.4 Surf Cres Measurements
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Figure 5.5 Surf Cres Transect. Google (2020)

Table 5.6 Surf Cres Results
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	19
	0
	6.68
	23
	0

	2
	19
	0
	6.68
	24
	0

	3
	19
	0
	6.68
	22
	0

	4
	19
	0
	6.68
	27
	0.2

	5
	19
	0
	6.68
	26
	0

	6
	17
	0
	6.68
	25
	0

	7
	17
	0
	6.68
	21
	0.2

	8
	16
	0
	6.68
	23
	0

	9
	14
	0
	6.68
	28
	0.5

	10
	15
	0
	6.68
	33
	0.1

	11
	15
	0
	6.68
	30
	0.1




[bookmark: _Toc40107751]5.5 Third Avenue Measurements
[image: ][image: ]
Figure 5.6 Third Avenue Transect. Google (2020)

Table 5.7 Third Avenue Results.
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	12
	0
	6.70
	35
	0

	2
	10
	0
	6.70
	40
	0

	3
	11
	0
	6.70
	40
	0

	4
	12
	0
	6.70
	44
	0

	5
	11
	0
	6.70
	51
	0

	6
	11
	0
	6.70
	58
	0

	7
	9
	0
	6.70
	59
	0

	8
	10
	0
	6.70
	69
	0

	9
	10
	0
	6.70
	71
	0

	10
	9
	0
	6.70
	74
	0

	11
	11
	0
	6.70
	79
	0



[bookmark: _Toc40107752]5.6 Palmtree Management Measurements
[image: ][image: ]
Figure 5.7 Palmtree Management Transect. Google (2020)

Table 5.8 Palmtree Management Results. 
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	11
	0
	6.69
	36
	0

	2
	11
	0
	6.69
	32
	0

	3
	12
	0
	6.69
	40
	0

	4
	11
	0
	6.69
	53
	0

	5
	11
	0
	6.69
	56
	0.1

	6
	12
	0
	6.69
	51
	0

	7
	11
	0
	6.69
	48
	0

	8
	12
	0
	6.69
	42
	0

	9
	12
	0
	6.69
	29
	0

	10
	13
	0
	6.69
	41
	0

	11
	12
	0
	6.69
	48
	0.1



[bookmark: _Toc40107753]5.7 Warden Road Measurements
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Figure 5.8 Warden Road Transect. Google (2020)

Table 5.9 Warden Road Results.
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	38
	0
	31.34
	42
	50

	2
	38
	0
	31.34
	44
	50

	3
	37
	0
	31.34
	40
	50

	4
	34
	0
	31.34
	38
	50

	5
	38
	0
	31.34
	40
	25

	6
	36
	0
	31.34
	41
	5

	7
	31
	0
	31.34
	34
	5

	8
	29
	0
	31.34
	35
	5

	9
	21
	0
	31.34
	33
	5

	10
	21
	0
	31.34
	64
	10

	11
	22
	0
	31.34
	114
	10



[bookmark: _Toc40107754]5.8 Warden Springs Caravan Park Measurements
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Figure 5.9 Warden Springs Caravan Park Transect. Google (2020)

Table 5.10 Warden Springs Caravan Park Results.
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	67
	0
	27.90
	83
	10

	2
	67
	0
	27.90
	90
	10

	3
	65
	0
	27.90
	89
	10

	4
	66
	0
	27.90
	89
	10

	5
	69
	0
	27.90
	92
	10

	6
	68
	0
	27.90
	86
	15

	7
	64
	0
	27.90
	70
	15

	8
	68
	0
	27.90
	70
	15

	9
	67
	0
	27.90
	80
	15

	10
	68
	0
	27.90
	86
	20

	11
	67
	0
	27.90
	83
	20


[bookmark: _Toc40107755]5.9 Cliff Drive Measurements
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Figure 5.10 Cliff Drive Transect. Google (2020)

Table 5.11 Cliff Drive Results. 
	Transect
	Beach Width (m)
	Dune Width (m)
	Distance to 20m Isobath (km) 
	Distance to Vegetation Behind Back Beach (m)
	(*) 
Percentage of Rocky Outcrop (%)

	1
	20
	0
	27.54
	39
	30

	2
	19
	0
	27.54
	40
	30

	3
	13
	0
	27.54
	34
	30

	4
	13
	0
	27.54
	32
	30

	5
	12
	0
	27.54
	30
	30

	6
	16
	0
	27.54
	32
	30

	7
	19
	0
	27.54
	35
	30

	8
	22
	0
	27.54
	39
	30

	9
	22
	0
	27.54
	39
	30

	10
	21
	0
	27.54
	40
	30

	11
	19
	0
	27.54
	40
	30


[bookmark: _Toc40107756]5.10 Beach Width 
In table 5.12 the average beach width for each location is presented. Apart from Surf Cres, sites further East (Warden Bay) have the largest beach widths with the largest width being 66.90m is at Warden Springs Caravan Park. This could be because Minster and Eastchurch experience large sections of erosion but not often while Warden Bay experiences small sections of erosion but more frequently. Warden Bay also has less close boat traffic, boats pass Warden Bay but do not come as close as they do to the Minster and Eastchurch cliffs. None of the beach widths were over 100m and 8 out the 9 sites were less than 50m. Redcot Caravan Park has the smallest beach width of 10.45m.
[bookmark: _Hlk40017684]Table 5.12 Average Beach Width of each site. 
	Location 
	Average Beach Width (m)

	Bellfarm Lane
	12.9

	Redcot Caravan Park
	10.45

	Ashcroft Coast Holiday Park
	10.54

	Surf Cres
	17.18

	Third Avenue
	10.54

	Palmtree Management 
	11.63

	Warden Road
	31.36

	Warden Springs Caravan Park 
	66.90

	Cliff Drive 
	17.81



[bookmark: _Toc40107757]5.11 Dune Width
Table 5.13 shows the average dune width at each site. All sites lacked any dune so were give zero as a measurement. Without dunes it leaves the coast vulnerable to storm damage, coastal flooding and erosion (Waikato Regional Council, 2019).
Table 5.13 Average Dune Width of each site.
	Location 
	Average Dune Width (m)

	Bellfarm Lane
	0

	Redcot Caravan Park
	0

	Ashcroft Coast Holiday Park
	0

	Surf Cres
	0

	Third Avenue
	0

	Palmtree Management 
	0

	Warden Road
	0

	Warden Springs Caravan Park 
	0

	Cliff Drive 
	0

	


[bookmark: _Toc40107758]5.12 Distance to 20m Isobath
The calculation of distance to the 20m isobath is done by measuring the nearest point to the 20m isobath which means that only one measurement is taken for each site (Palmer et al., 2011). This can be seen in table 5.14.
In terms of coastal vulnerability, the greater the distance from the shoreline to the 20m isobaths (defined at the contour beyond which sea depth is >20m), the greater the dissipation of wave energy. Subsequently, a reduction in wave energy reaching the shoreline entails lower vulnerability to the effects of extreme weather conditions (Davies, 2012). The distance between the 20m isobath and the coastline was estimated, and a vulnerability index was assigned to vector points.
Table 5.14 Distance to 20m Isobath in each location.
	Location and Transect line
	Distance to 20m Isobath (km)

	Bellfarm Lane (8)
	6.11

	Redcot Caravan Park (8)
	6.20

	Ashcroft Coast Holiday Park (4)
	6.30

	Surf Cres (1)
	6.68

	Third Avenue (1)
	6.70

	Palmtree Management (10)
	6.69

	Warden Road (1)
	31.34

	Warden Springs Caravan Park (5)
	27.90

	Cliff Drive (9)
	27.54



Table 5.14 shows that the location with the longest distance to the 20m isobath is Warden Road with 31.34km while Bellfarm Lane has the smallest distance to the 20m isobath with 6.11km.
[image: ]
Figure 5.11 Measurements of each site’s isobath, lines are the same colour of each marker in figure 5.1. 
[bookmark: _Toc40107759]5.13 Distance to Vegetation Behind the Back Beach
The distance to vegetation behind the back beach is important as the flora protect the land surface from wind erosion. Land that does not have vegetation will be vulnerable to the elements (Mackay Regional Council, 2017). The highest distance to vegetation behind back beach was Redcot Caravan Park with 92.09m and Bellfarm Lane had the least with 21.09m, this can be seen in table 5.15. All the sites fell below 100m; therefore, giving them have a High vulnerability.
Table 5.15 Average distance to Vegetation behind back beach for each site.
	Location 
	Average distance to vegetation behind back beach (m)

	Bellfarm Lane
	21.03

	Redcot Caravan Park
	92.09

	Ashcroft Coast Holiday Park
	39.36

	Surf Cres
	25.63

	Third Avenue
	56.36

	Palmtree Management 
	43.27

	Warden Road
	47.72

	Warden Springs Caravan Park 
	83.45

	Cliff Drive 
	36.36




[bookmark: _Toc40107760]5.14 Percentage of Rocky Outcrop 
Rocky outcrop could clearly be seen in 6 of the sites; either in small or large amounts. However, due to various reason such as safety, software and Covid19 lockdown the data has had to be estimated by the author this was done by using Google maps. Similar with dunes, the rocks help wave dispersion to break meaning that the velocity is slowed down before hitting land. Warden Bay sites seemed to have the most outcrop with one site having two World War II ‘Pill Boxes’ within the selected assessment site and another ‘Pill box’ just outside the selected assessment site. Figure 5.12 shows the sites with the rocky outcrops.
	Location 
	Photo of Site

	Bellfarm Lane: there is a small outcrop with a handful of rocks in the site.
	[image: ]

	Surf Cres: this site shows the least outcrop with one of two rocks in site.
	[image: ]

	Palmtree Management:
This site has little outcrop but there is some.
	[image: ]

	Warden Road:
This site is the one with the World War II ‘Pill Boxes’ in. There is a large amount of outcrop in this site.  
	[image: ]

	Warden Springs Caravan Park: This site had the least outcrop out of the three sites in Warden Bay. Due to the erosion at lot of buildings have ended up at the bottom of the cliffs in Warden Bay so a lot of the rocky outcrop is rubble and debris from them.
	[image: ]

	Cliff Drive: This site had the rockiest outcrop. However, this is since the boulders were put into place by the council; the boulders were meant to act as a sea defence. After landslips soil now sits on top of them.  
	[image: ]


Figure 5.12 Sites with Rocky outcrop. Google (2020)
Table 5.16 records the average rocky outcrop at each location. The largest site with outcrop was Cliff Drive with 30%; Redcot Caravan Park, Ashcroft Coast Holiday Park and Third Avenue had 0% outcrop which leaves them vulnerable to higher wave dispersion.
Table 5.16 The Average Percentage of rocky outcrop for each site.
	Location 
	Average Percentage of Rocky Outcrop (%)

	Bellfarm Lane
	0.027

	Redcot Caravan Park
	0

	Ashcroft Coast Holiday Park
	0

	Surf Cres
	0.1

	Third Avenue
	0

	Palmtree Management 
	0.018

	Warden Road
	23.18

	Warden Springs Caravan Park 
	13.63

	Cliff Drive 
	30



[bookmark: _Toc40107761]5.15 CVI Scores
Table 5.17 shows the ranking and scoring of the CVI. Table 5.18 shows the CVI scores of each transect in the 9 sites. The lowest score that can be received is 5 while the highest score is 24.
Table 5.17 Rating and score of Physical Parameters
	Rankings
	Scoring

	Extremely Low
	1

	Low
	2

	Moderate
	3

	High
	4



Total Relative Vulnerability = a + b + c + d + e + f
a – Beach width vulnerability score
b – Dune vulnerability score
c – Distance to 20m isobath vulnerability score
d – Distance of vegetation behind back beach vulnerability score
e – Percentage outcrop vulnerability score
f – Additional weighting of highly vulnerable sites.

Table 5.18 CVI scores for each transect in each site.
	Location 
	Transect
	CVI Score
	Location 
	Transect
	CVI Score
	Location
	Transect
	CVI Score 

	Bellfarm Lane 
	1
	17
	Surf Cres
	1
	17
	Warden Road 
	1
	15

	Bellfarm Lane
	2
	17
	Surf Cres
	2
	17
	Warden Road
	2
	15

	Bellfarm Lane
	3
	17
	Surf Cres
	3
	17
	Warden Road
	3
	15

	Bellfarm Lane
	4
	17
	Surf Cres
	4
	17
	Warden Road
	4
	15

	Bellfarm Lane
	5
	17
	Surf Cres
	5
	17
	Warden Road
	5
	15

	Bellfarm Lane
	6
	17
	Surf Cres
	6
	17
	Warden Road
	6
	15

	Bellfarm Lane
	7
	17
	Surf Cres
	7
	17
	Warden Road
	7
	15

	Bellfarm Lane
	8
	17
	Surf Cres
	8
	17
	Warden Road 
	8
	15

	Bellfarm Lane
	9
	17
	Surf Cres
	9
	17
	Warden Road
	9
	15

	Bellfarm Lane
	10
	17
	Surf Cres
	10
	17
	Warden Road 
	10
	15

	Bellfarm Lane
	11
	17
	Surf Cres
	11
	17
	Warden Road
	11
	14

	Redcot Caravan Park
	1
	17
	Third Avenue 
	1
	17
	Warden Springs Caravan Park 
	1
	15

	Redcot Caravan Park
	2
	17
	Third Avenue 
	2
	17
	Warden Springs Caravan Park
	2
	15

	Redcot Caravan Park
	3
	17
	Third Avenue 
	3
	17
	Warden Springs Caravan Park
	3
	15

	Redcot Caravan Park
	4
	17
	Third Avenue 
	4
	17
	Warden Springs Caravan Park
	4
	15

	Redcot Caravan Park
	5
	17
	Third Avenue 
	5
	17
	Warden Springs Caravan Park 
	5
	15

	Redcot Caravan Park
	6
	17
	Third Avenue
	6
	17
	Warden Springs Caravan Park 
	6
	15

	Redcot Caravan Park
	7
	16
	Third Avenue
	7
	17
	Warden Springs Caravan Park
	7
	15

	Redcot Caravan Park
	8
	16
	Third Avenue 
	8
	17
	Warden Springs Caravan Park
	8
	15

	Redcot Caravan Park
	9
	16
	Third Avenue 
	9
	17
	Warden Springs Caravan Park
	9
	15

	Redcot Caravan Park
	10
	17
	Third Avenue 
	10
	17
	Warden Springs Caravan Park
	10
	15

	Redcot Caravan Park
	11
	17
	Third Avenue 
	11
	17
	Warden Springs Caravan Park
	11
	15

	Ashcroft Coast Holiday Park
	1
	17
	Palmtree Management 
	1
	17
	Cliff Drive
	1
	15

	Ashcroft Coast Holiday Park
	2
	17
	Palmtree Management 
	2
	17
	Cliff Drive
	2
	15

	Ashcroft Coast Holiday Park
	3
	17
	Palmtree Management 
	3
	17
	Cliff Drive
	3
	15

	Ashcroft Coast Holiday Park
	4
	17
	Palmtree Management 
	4
	17
	Cliff Drive
	4
	15

	Ashcroft Coast Holiday Park
	5
	17
	Palmtree Management 
	5
	17
	Cliff Drive
	5
	15

	Ashcroft Coast Holiday Park
	6
	17
	Palmtree Management 
	6
	17
	Cliff Drive 
	6
	15

	Ashcroft Coast Holiday Park
	7
	17
	Palmtree Management 
	7
	17
	Cliff Drive 
	7
	15

	Ashcroft Coast Holiday Park
	8
	17
	Palmtree Management 
	8
	17
	Cliff Drive
	8
	15

	Ashcroft Coast Holiday Park
	9
	17
	Palmtree Management 
	9
	17
	Cliff Drive
	9
	15

	Ashcroft Coast Holiday Park
	10
	17
	Palmtree Management 
	10
	17
	Cliff Drive
	10
	15

	Ashcroft Coast Holiday Park
	11
	17
	Palmtree Management 
	11
	17
	Cliff Drive 
	11
	15



Table 5.19 Average CVI Score of each site.
	Location 
	Average CVI Score

	Bellfarm Lane
	17

	Redcot Caravan Park
	16.72

	Ashcroft Coast Holiday Park
	17

	Surf Cres
	17

	Third Avenue
	17

	Palmtree Management 
	17

	Warden Road
	14.9

	Warden Springs Caravan Park 
	15

	Cliff Drive 
	15



Table 5.19 shows the average CVI score for each site with Bellfarm Lane, Ashcroft Coast Holiday Park, Surf Cres, Third Avenue and Palmtree Management has the highest score of 17 while Warden Road has the lowest with 14.9. This score is interesting when looking at the visible erosion at the locations.
In Palmer et al., (2011) CVI scores were arranged into five different categories; Very Low, Low, Moderate, High and Very High. Each category was then given number ranges and once the CVI score was determined a ranking would be given from that score. This grading system will be repeated for this assessment and the grading system is as follows:
Very Low: 5-12    Low: 13-14   Moderate: 15-18   High: 19-21   Very High: 22-24
Table 5.20 Level of Vulnerability in each site.
	Location 
	Ranking

	Bellfarm Lane
	Moderate 

	Redcot Caravan Park
	Moderate

	Ashcroft Coast Holiday Park
	Moderate

	Surf Cres
	Moderate

	Third Avenue
	Moderate

	Palmtree Management 
	Moderate

	Warden Road
	Moderate

	Warden Springs Caravan Park 
	Moderate

	Cliff Drive 
	Moderate



Table 5.20 shows that the grading of each site is Moderate. Warden Road was 14.9 which meant that it sat between Low and Moderate; as it was in the higher range the author decided to round it up for the grading and therefore it is graded at Moderate. Having calculated the CVI for each location it is necessary to consider social and economic risks of further erosion. This will be done using Ketchum’s coastal user conflict matrix.

[bookmark: _Toc40107762]5.16 Ketchum Results
Due to safety reasons one survey was taken for each village; a survey was taken on the whole of Minster, another on Eastchurch and then another on Warden Bay. The Ketchum data is important to the assessment as it examines possible conflict within the coast which will allow a strategic management plan to be put in place that will possibly be able to protect these areas. For each site, coastal users are identified in line with Ketchum’s coastal categories (s.4.3) 
Minster:
Table 5.21 Ketchum results for Minster on the Isle of Sheppey.
	Date: 28/12/19
Weather conditions: 9 
degree Celsius, wind 5 miles per hour, foggy.
	Site: Minster, Bellfarm Lane
	Level of conflict 1=no conflict 5=severe

	
	Further Coastal use
	

	
	
	

	Coastal Use
	
	

	Residential and Recreational
	Housing
	5

	
	Holiday Homes
	5

	
	Sailing
	2

	
	Jet Skiing
	2

	
	Canoeing
	1

	
	 Power Boating
	2

	
	Swimming
	1

	
	Surfing
	1

	Industrial and Commercial
	Ferries
	2

	
	Shipping
	4

	
	Wind Power
	1

	
	 Ports
	2

	
	Maintenance Dredging
	1

	Agriculture, Aquaculture and Fishing
	Livestock Farming
	1

	
	Drifts Nets
	1

	
	 Arable Farming
	1

	Military and Strategic
	Aircraft 
	1

	
	Shipping
	1

	Waste Disposal
	Sewage treatment works 
	1

	
	Storm water overflows
	1

	Conservation 
	Heritage Coast 
	1

	
	 Sites of Special Scientific Interest (SSSI)
	5



Eastchurch: 
[bookmark: _Hlk39317868]Table 5.22 Ketchum results for Eastchurch on the Isle of Sheppey
	[bookmark: _Hlk39317892]Date: 28/12/19
Weather conditions: 9 
degree Celsius, wind 6miles per hour, foggy.
	Site: Eastchurch, Third Avenue.
	Level of conflict 1=no conflict 5=severe

	
	Further Coastal use
	

	
	
	

	Coastal Use
	
	

	Residential and Recreational
	Housing
	5

	
	Holiday Homes
	5

	
	Sailing
	2

	
	Jet Skiing
	1

	
	Canoeing
	1

	
	 Power Boating
	3

	
	Swimming
	1

	
	Surfing
	1

	Industrial and Commercial
	Ferries
	3

	
	Shipping
	4

	
	Wind Power
	1

	
	 Ports
	2

	
	Maintenance Dredging
	1

	Agriculture, Aquaculture and Fishing
	Livestock Farming
	2

	
	Drifts Nets
	1

	
	 Arable Farming
	2

	Military and Strategic
	Aircraft 
	1

	
	Shipping
	1

	Waste Disposal
	Sewage treatment works 
	1

	
	Storm water overflows
	1

	Conservation 
	Heritage Coast 
	1

	
	 Sites of Special Scientific Interest (SSSI)
	5



Warden Bay
Table 5.23 Ketchum results for Warden Bay on the Isle of Sheppey
	Date: 28/12/19
Weather conditions: 9 
degree Celsius, wind 6miles per hour, foggy.
	Site: Warden Bay, Cliff Drive
	Level of conflict 1=no conflict 5=severe

	
	Further Coastal use
	

	
	
	

	Coastal Use
	
	

	Residential and Recreational
	Housing
	5

	
	Holiday Homes
	5

	
	Sailing
	2

	
	Jet Skiing
	2

	
	Canoeing
	2

	
	 Power Boating
	2

	
	Swimming
	4

	
	Surfing
	4

	Industrial and Commercial
	Ferries
	1

	
	Shipping
	1

	
	Wind Power
	4

	
	 Ports
	1

	
	Maintenance Dredging
	1

	Agriculture, Aquaculture and Fishing
	Livestock Farming
	1

	
	Drifts Nets
	1

	
	 Arable Farming
	1

	Military and Strategic
	Aircraft 
	1

	
	Shipping
	1

	Waste Disposal
	Sewage treatment works 
	1

	
	Storm water overflows
	2

	Conservation 
	Heritage Coast 
	1

	
	 Sites of Special Scientific Interest (SSSI)
	5



[bookmark: _Toc40107763]5.17 Social, Economic and Ecological Findings
The Ketchum assessment looks at 12 areas which are then split in to 6 sections that contain various coastal conflicts. Each section refers to coastal users and need different attention. Each of the following sections justifies the scoring given to each variable (s.5.16).
[bookmark: _Toc40107764]5.17.1 Residential and Recreation
Along the coast from Minster to Warden Bay there are residential homes and caravan parks, some of which are proximal to the cliffs. Figure 5.13 shows residents’ homes in Bellfarm Lane and how close they are to the cliff’s edge. Figure 5.14 Shows Surf Cres and Third Avenue residents housing a top the cliffs. Figure 5.16 shows Warden Road homes close and the end of the road sitting right on top of the cliff edge. Figure 5.17 shows Cliff Drive and residents’ housing. Figure 5.18 shows again how close these homes are to the cliff’s edge, (taken in Cliff Drive). The erosion around the whole of Sheppey is 1.5 metres per annum, leaving many infrastructures at threat of going over the cliff.
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Figure 5.13 Bellfarm Lane residents’ Homes. Google (2020)

[image: ]
Figure 5.14 Surf Cres and Third Avenue residents’ homes. Google (2020)
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Figure 5.15 Cliff edge (metal fence), Third Avenue road and residents’ home. West (2019)
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Figure 5.16 Warden Road residents’ homes. Google (2020)
[image: ]
Figure 5.17 Cliff Drive and resident housing. Google (2020)
[image: ]
Figure 5.18 A Resident’s home, Cliff Drive road and then the cliff edge. West (2019)
It is this vulnerability to erosion and the frequency of previous cliff collapses that warrants the scoring given.
As previously stated in section 3.3. tourism is the main source of income for Sheppey. This is clear when looking at maps of the island and caravan parks are clearly visible especially along the coast.  Figure 5.19 shows two caravan/holiday Parks in Minster. Figure 5.20 shows Ashcroft Coast Holiday Park which has already had to retreat from the cliff’s edge previously. Figure 5.21 shows Eastchurch and how much of it is occupied by caravan parks. There are more caravans then resident’s homes. Figure 5.22 Show Warden Springs Caravan Park which has had to retreat from the cliff’s edge a handful of times. From all these figures it is clear to see that all these dwellings are extremely vulnerable to coastal erosion without some form of management or active retreat.
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Figure 5.19 Redcot Caravan Park and Lazy Days Holiday Park on the cliffs edge in Minster. Google (2020)
[image: ]
Figure 5.20 Ashcroft Coast Holiday Park. Google (2020)
[image: ]
Figure 5.21 Aerial Shot of Eastchurch. Google (2020)
[image: ]
Figure 5.22 Warden Springs Caravan Park. Google (2020)
Again, such proximity to the eroding cliff top informs the scores given in Tables 5.21-5.23. In terms of recreational activity, the Isle of Sheppey is surrounded by water with 95% of the island having a beach.  Many people partake in swimming, power boating, surfing, canoeing, sailing and Jet Skiing. Figure 5.23 shows the whole of Sheppey from an aerial view.
[image: ]
Figure 5.23 Aerial view of Sheppey. Google (2020)
[image: ]
Figure 5.24 Boat Sailing around the Isle of Sheppey. West (2013)
Minster and Warden Bay beach have public access allowing swimmers, canoeists, jet skiers and power boating to happen around these sites. Minster have restrictions on when, and how far swimmers and jet skiers can go into the water, while Eastchurch does not have these restrictions as there is no access to the area. Warden Bay is privately owned, however, Warden Bay beach and Leysdown beach are next to one another. Leysdown has the same restrictions to Minster. Leysdown beach when maned by lifeguards also keep a watchful eye on Warden Bay tourists. Swimming at Warden Bay beach happens more due to a section of the beach only being accessible by foot, this section of beach is used more too due to it being the sandiest while the rest of the beach is either man made or rocky. All considered, these areas are well used but the risk of erosion does not directly affect users unless access or pathways to the beaches are affected.
[bookmark: _Toc40107765]5.17.2 Industrial and Commercial 
Although there are no ports in the villages being discussed, the local town, Sheerness does have a port and takes shipments of cars, vegetables and meat. Due to its location, cargo ships pass Warden Bay in the distance and then closely pass Minster and Eastchurch, as in figure 5.25.  Figure 5.26 shows where the port is in relation to the three villages discussed in this assessment. The villages are the purple markers. With erosion happening at Minster and Eastchurch there is a possibility that the increase in sediment could course problems with the cargo ships path to the port which in turn could lead to the port losing business and local economy to suffer.
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Figure 5.25 Port at Sheerness, Isle of Sheppey. Peel Port (n.d.)
Figure 5.26 Sheerness port with blue marker and purple markers are Minster, Eastchurch and Warden Bay. Google (2020)
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Figure 5.27 Cargo Ship heading to Sheerness port, taken at Warden Bay. West (2013)
Figure 5.28 Offshore wind farm, taken at Warden Bay. West (2013)
Sheppey also has an offshore wind farm that can be seen from the eastern side; mainly from Warden Bay. Figure 5.28 shows the Wind farm. It is felt that this would not be directly affected by the continued erosion.
[bookmark: _Toc40107766]5.17.3 Agriculture, Aquaculture and Fishing
There are many farms on Sheppey, some livestock and others are arable farming. However, most of these farms are situated closer to the south of Sheppey. There is one farm in-between Minster and Eastchurch, but it seems to be more of a petting zoo, this can be seen in Figure 5.29. However, there are many empty fields on Sheppey that are used for arable farming or for livestock to graze in. The reason farming received the score of 2 in Eastchurch was because when erosion happens, a section of land is lost which means that farmers cannot let their livestock graze or plant their crops due to the proximity of the edge and unstable ground.
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Figure 5.29 Connett Farm (blue marker) in-between Minster and Eastchurch. Google (2020)
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Figure 5.30 Large amounts of empty fields. Google (2020)
[bookmark: _Toc40107767]5.17.4 Military and Strategic
There are no military or strategic areas on Sheppey, and therefore it was given such a low score in tables 5.21, 5.22 and 5.23. Sheerness was once a Naval and Garrison base; throughout the World Wars the island did play a role in being training bases or guarding points.
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Figure 5.31 Some of the Seamen serving at HMS Wildfire. Hughes (2006) 
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Figure 5.32 Part of Sheerness Naval dockyard a few years before being demolished. Hughes (2006)

[bookmark: _Toc40107768]5.17.5 Waste Disposal 
There is a water storm overflow in Warden Bay; however, it is not clear whether it is used anymore as there were namouras episodes of pollution events coursed by it. It also not on the cliffs but on the main beach in Warden bay, it is because of this that it got the score of 2.
[image: ]Figure 5.33 Warden Bay storm water overflows. Google (2020)
[bookmark: _Toc40107769]5.17.6 Conservation
The cliffs from Minster to Warden Bay are a designated Site of Special Scientific Interest (SSSI) since 1984 for its geological value. Some rare fossils have been found and some of the most interesting are listed in s.3.1. They were discovered by Mr Edward Jacobs and Mr Shrubsole.[image: ]
Figure 5.34 Drawings of some fossils found by Mr Edward Jacobs on Sheppey. Sheppey Fossils (n.d.)

[bookmark: _Toc40107770]5.18 Vulnerability of Social, Economic and Ecological 
Table 5.24 shows the distance to the cliffs edge for residential properties and Caravan Parks from each site. Palmer et al., (2011) states that if any social, economic or ecological sites are within 100m of the high-water mark (HWM) it makes the site a high risk. When the tide is in, Bellfarm Land to Warden Springs Caravan Park have no beach and the water hits the toe of the cliff. therefore, making the cliff edge the start of the 100m mark. As previously stated in s.1.0 the annual rate of erosion is 1.5m. 
Table 5.24 Distance to Closest property from High Water Mark.
	Location 
	Distance to closest property from High Water Mark (m)

	Bellfarm Lane
	52

	Redcot Caravan Park
	37

	Ashcroft Coast Holiday Park
	61

	Surf Cres
	32

	Third Avenue
	29

	Palmtree Management 
	28

	Warden Road
	38

	Warden Springs Caravan Park 
	38

	Cliff Drive 
	90



Table 5.25 shows how many years part of the properties in each location measured has before it is lost to the sea. This was worked out by using the equation distance from table 5.24 divided by 1.5m (annum rate of erosion). The caveat being that things stay the same as they are currently. For example:
52/1.5= 34.66
Table 5.25 How Many Years Before Property is Lost to the Sea.
	Location 
	How Many Years Before part of the property is lost to the sea

	Bellfarm Lane
	34.66

	Redcot Caravan Park
	24.66

	Ashcroft Coast Holiday Park
	40.66

	Surf Cres
	21.33

	Third Avenue
	19.33

	Palmtree Management 
	18.66

	Warden Road
	25.33

	Warden Springs Caravan Park 
	25.33

	Cliff Drive 
	60



As can be seen from Table 5.25, without intervention, some residential properties and tourist sites are likely to be lost by 2050.
[bookmark: _Toc40107771]5.19 Summary Discussion

In Table 5.12 the average beach width can be seen, Warden Springs Caravan Park has the largest beach with 66.90m while Redcot Caravan Park has the smallest beach with 10.45. Although Warden Springs Caravan Park has the biggest beach this does not stop it from falling into the highest scoring of the Coastal Vulnerability Index (table 4.1). All locations received a scoring of 4 which means its vulnerability is High. The Beach Width is critical as the wider the beach less powerful waves hitting the land (Linham and Nicholls, 2010). As most of these sites have no sea defence and small beach width it means that high powered waves are hitting the toe of the cliff contributing to its erosion.
Table 5.13 shows the average dune width, which as none of the sites had dunes left the measurements at zero. This can leave the coastline vulnerable; dunes are important to aid in protecting coastal erosion as they help with breaking wave dispersal, acting as a natural sea defence against storm damage, coastal flooding and erosion (New Zealand Government, 2020). With the measurement of zero the Coastal Vulnerability Index score was 4 making its vulnerability High.
Table 5.14 shows the distance to the 20m isobath from each site. Warden Road had the largest distance with 31.34km while Bellfarm Lane had the smallest distance of 6.11km. The further to 20m isobath distance, the greater the wave dispersal and the lower the wave energy, therefore reducing shoreline vulnerability (Davies, 2012). This is the only area that scored the lowest score available on Coastal Vulnerability Index. Each site had a greater distance then 4km to the 20m isobath which gave them the score of 1; meaning the vulnerability is classed as Extremely Low.
Table 5.15 shows the average distance to the vegetation behind the back beach. Redcot Caravan Park had the largest distance with 92.09m while Bellfarm Lane had the smallest with 21.09m. The vegetation on a beach is important as it helps to secure land surface by its roots, compacting sediment and securing it from wind damage (Mackay Regional Council, 2017). Although the distance to vegetation was high in some locations, the Coastal Vulnerability Index says this is still vulnerable as the distance was less than a 100km; this gave the sites a score of 4 making the vulnerability High.
Table 5.16 shows the average percentage of rocky outcrop in each location, Cliff Drive has the largest percentage with 30% while Redcot Caravan Park, Ashcroft Coast Holiday Park and Third Avenue has the least percentage with 0% of rocky outcrop. Like many of the other indicators, rocky outcrop helps with wave dispersal. As the waves hit rock before the shoreline, there is less velocity hitting the beach. Due to these percentages being very different it meant that the scoring was slightly different. Bellfarm Lane, Redcot Caravan Park, Ashcroft Coast Holiday Park, Surf Cres, Third Avenue and Palmtree Management all had less than 10% of rocky outcrop giving it the score of 4 which then gave it the vulnerability grade of High. While these site received a High score,  Warden Springs Caravan Park had 13.63% giving it a score of 3 which gives it a grade of Moderate while Warden Road (23.18%) and Cliff Drive (30%) were given the score of 2 and a vulnerability grade of Low. 
When looking at figures 5.13, 5.14, 5.15, 5.16, 5.17, 5.18, 5.19, 5.20, 5.21, and 5.22 it is clear that there are large amounts of recent properties and caravan parks sat close to the cliff edge at risk of being lost to the sea. As stated in section 3.3, tourism is the main source of income for Sheppey and if erosion continues this income will be in jeopardy. To determine how at risk these areas are the distance to the closest property was measured from the HWM. Palmer et al., (2011) stated that anything that is an area 100m from the HWM is at high risk of being lost. Table 5.23 shows that all sites are in the high-risk area. Calculating 1.5m of cliff erosion per year (average annual rate of erosion) against measured distances, would give an estimate of the number of years remaining.  Table 5.25 reveals that without protection, and assuming all conditions stay the same, all areas will be lost within the next 60 years.   
After scoring all transects in each location and calculating the average a CVI overall ranking, scores were determined. Table 5.20 shows that all sites have a vulnerability grade of Moderate. This means that all sites are slightly vulnerable but in no immediate danger. With this information the Shoreline Management Plan can be reviewed, and these options will be discussed in the next chapter.
[bookmark: _Toc40107772]6.0 Conclusion

 Like many over coastal zones, the Isle of Sheppey is unique, diverse and complex. Natural biological and physical processes conflict with each other to allow the coastlines to evolve. Human activity can also play a role in erosion with detrimental effects to the shoreline. Most coastal zones provide economic benefits and as such, these areas need to be managed sustainably to ensure the continued use and productivity of every area. Ketchum (1972) laid out how human use can create conflict along the coastline and how hard therefore it can be to manage coastal zones. While some if this erosion is caused by natural climate change, sea level rise and increased storm activities play a part, meaning a clear understanding of all and any impacts is needed before new infrastructure is considered. As a result, Coastal Vulnerability Assessments are crucial for constructive and efficient distribution of funds and resources to potentially be able to identify future impacts.
The aim of this dissertation was to determine the physical vulnerability of coastal areas on the Isle of Sheppey by identifying social, historic, economic and ecological features. This aim would be achieved by:
1) Reviewing historical records, creating a timeline for erosion.
2) Comparing and contrasting previous vulnerability assessments around the Isle of Sheppey. 
3) Reviewing best practices elsewhere for appropriate application on the island. 

The documentation of historical erosional events is scarce for the Isle of Sheppey due to a lack of reporting and recording. Not every erosional event that has happened in the past 10 years has been reported, and going further back in time, information is scant. However, a timeline with coinciding weather events was achieved (s.3.2) and having local knowledge helped document past and amore recent events on the Island. These are detailed within the Physical Background chapter. Combining weather conditions and erosion, it is clear that cold and wet weather is causing the erosion to happen on a large scale. The soil and natural geology of the area mean dry, cold or hot temperatures followed by heavy rainfall make the island vulnerable to weathering. While climate change and increased storm activity further exacerbate the situation, it is not simply the risk from sea level and storms that will pose a challenge for further erosion on Sheppey.  
Throughout the dissertation two environmental reports have been considered for comparison. (s.3.5).  Two previous Shoreline Management Plans (SMP) for the Isle of Sheppey are presented. The North Sheppey Erosion Study Volume 1: Coastal Adaptation Study carried out by the Canterbury City Council Engineering Services in 2011 and the Medway Estuary and Swale Flood and Erosion Risk Management Strategy (MEASS) carried out by the Environment Agency in 2018. These reports were carried out 7 years apart with both having a different SMP in place.  Allowing for time differences it is possible that the situation of the cliffs has changed but no environmental assessment had been carried out in between even though there were at least two erosion events reported during these 7 years. 
Only half of the North Sheppey Erosion Study Volume 1: Coastal Adaptation Study was available for the public to review. The assessment aim was to predict the impact on the local community, businesses, property and infrastructure from future cliff erosion while using the latest advice on climate change. In summary their conclusion was that while supporting economics sectors was important, protection for the Sheppey cliffs would be too costly, and the community would therefore be forced to adapt to the erosion. As a result, their SMP for Minster to Warden Bay is No Active Intervention (NAI) for the short, medium and long term.  However, for Warden Bay to Leysdown is Hold the Line (HTL) and Managed Realignment (MR) for the short, medium and long term. It is not clear how these decisions were made but the following was put in place: 
1) In 2007 rock armour was placed as sea defence along a 260m length at the toe of Warden Bays Cliff. However, the top of the cliff continued to erode, and they suggest this is due to the cliffs “natural angle of repose” (Canterbury City Council Engineering Services, 2011).
2) Referring to the rock armour placed in 2007 they stated 

   “The cliffs will fail by shallow slides, thereby exposing important geological features and maintain important habitats. Since the area is a SSSI, this aspect enabled the project to gain approval from Natural England. It will, however, result in the loss of some properties, infrastructure and other undeveloped cliff top areas. There is justification to maintain some of the current defences, at Warden Bay to Leysdown-on-Sea in the long term due to the risk of flooding; however, higher, more robust defence is required in the long term” (Canterbury City Council Engineering Services, 2011) 

Relocation of roads and properties was anticipated in the report. More recently, further land slippage has occurred in this area. 
The MEASS report is comprised of several government bodies and organisation with the Environment Agency taking the lead; but the two areas being evaluated are Medway Borough and Swale Borough. The Medway Towns that are included in this report are Rochester, Strood, Chatham and Gillingham; while only the Isle of Sheppey and the Swale are evaluated from Swale Borough area. Having evaluated economic and social factors, flooding risk and coastal erosion, the report concluded that the cliffs from Minster to Eastchurch would been given the status of No Active Intervention (NAI) because of the SSSI designation to the area. It also estimated a cost of £5,956k for relocation of property that is immediate danger from the cliff edge.
 Warden Bay SMP for the MEASS report received the status of Managed Realignment (MR) for the embankment walls and beach. However, the cliffs got the status of “NAI and localised property adaptation along Warden Cliffs.” (Environment Agency, 2018). Just as Minster and Eastchurch received a NAI status because of the SSSI designated area so did some of Warden Cliffs as there is also a SSSI in Warden Bay. The report also recommends the relocation of properties and included a cost of £2,771k. The Justification for these recommendations is:
 “This Option has the highest benefit cost ratio and no other options have a benefit cost ratio of greater than one. Property relocation allows for management of the risk to residents whilst maintaining the integrity of the SSSI cliffs.” (Environment Agency, 2018: p.55) 
 Palmer et al., (2011) Coastal Vulnerability Index (CVI) method was made to be simple and quick to use while also giving an accurate status of a coastline. Not only did it look at the coastline itself it also considered how the coastline is used. The methodology only used the most important physical parameters which are used in most coastal vulnerability assessments. With this information in mind the dissertation assessment was carried out to provide a more recent assessment for comparison with the 2011 and 2018 SMP. 
The result of the vulnerability assessment using Palmer et al., (2011) method calculated the average CVI score for the whole of Isle of Sheppey as 16.29.  This places the island cliffs at ‘Moderate’ risk of coastal erosion from sea level rise and increased storm activities. However, there is some subtle variation and looking at the transect CVI scores individually, but one has a CVI of 15-17 which puts the cliffs at ‘Moderate’ risk, with regards to Palmer et al., (2011). The East side of the island (Warden Bay) was at the lower end of ‘Moderate’ risk with a CVI of 14-15 while the northern part of the island was at the higher end of ‘Moderate’ with a CVI score of 16-17. With regards to Palmer et al., (2011) there is no suggestions what can be done depending on the end results and only mentions that present and future management will need determine if the area should be left as it is, defended or retreat.
Another area that was investigated was the social, economic and ecological vulnerability which is an important part of the assessment as it presents what features of the coastline are under threat. Using Ketchum’s (1972) method it was clear to see the area that would be most affected by erosion was conservation, residential and recreational (s.5.17). Conservation was under threat as the SSSI designated area is the cliff, which is eroding, meaning that the fossils that gave the area its SSSI status are at risk of being washed away. The residential and recreational properties are under threat due to the proximity to the cliff edge. In section 3.4 rare species of invertebrates and their location is mentioned. The Striped Horsefly (Hybomitrg expollicata), Saltmarsh Horsefly (Atylotus latistriatus) and Shrill Carder Bee (Bombus sylygrum) and all be found along the northern cliffs of Sheppey; these species are at risk of being lost with the continued erosion. Table 5.25 shows how many years each site has before property is lost; although events could happen that speeds this rate up. There are at least 18.66 year to come up with a more efficient plan for this coastline.

[bookmark: _Toc40107773]6.1 Recommendations:

Considering the current situation on Sheppey and with the data collected and information gathered, a combination of both the 2011 and 2018 SMP should be put in place.  
Table 6.1 Authors SMP
	Location 
	2011 SMP Results
	2018 SMP Results 
	2020 Results 

	Minster to Eastchurch 
	NAI (No Suggestion given).
	NAI with property relocation. 
	CVI= 17 
NAI with property relocation. Estimated cost from MEASS report for relocation £5,956k

	Warden Bay to Leysdown-on-Sea
	HTL with road relocation. 

MR with the sea defence.
	NAI regarding property and relocation.

MR for the embankment’s walls and beach.
	CVI= 14.9
HTL with road relocation.

MR with the embankment’s walls and beach.



By implementing this SMP it would allow for more time to see if any new strategies can be applied.

[bookmark: _Toc40107774]6.2 Limitations

Both the Coastal Vulnerability Index and Ketchum (1972) methods have shown to be very accurate in this assessment. Although there were challenges with being able to collect some data due to safety and Covid19 lockdown the remaining data was relatively easy to obtain remotely by using GIS systems like My Google Maps and Mapinfo. 
My Google Map allowed relatively accurate measurements to be taken, was easy to use and it is free. This would allow this study to be repeated in other areas. However, Mapinfo can be challenging to use. This software was used to obtain the distance to the 20m isobath and caused a lot of problems with opening data sets or even being able to compile the data together. In hindsight, other software would be far more user friendly. 
Documentation was not readily available for the Isle of Sheppey which did prove to be challenging and frustrating at times. However, there are no improvements that can be given as this lack of documentation is due to the unawareness of Sheppey from the rest of the world. 
Other than these challenges, the overall methodology and study itself could be carried out in the future with relative ease. The only other recommendation would be perhaps including the height of waves, and frequency of storms into the physical parameters as it shows the damage carried out to the coastline instead of just the beach profile. 
While carrying out this assessment it became clear how problematic managing a coastal area can be. There are many aspects that need to be considered to a make it constructive and efficient.  the physical environment, social, economic and ecological factors, the role of climate change on the area and other studies that have been carried need to be thought of before allowing resources to be allocated to a coastline site. However, Coastline Vulnerability Index assessments will allow Shoreline Management Plans to be carried out with ease and less resources used in an already limited area.
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