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Abstract

A larger percentage of the United Kingdoms coastlines are being threatened by climate change effects, such as coastal erosion, sea level rise, frequent and extreme weather events. Although climate change is not solely to blame, humans are aiding in it to. In 2020, a pandemic put the Globe into lockdown, with many working from home using a remote method. This meant that many environmental projects were put on hold. This research project hopes to achieve the use of a remote method to measure erosion rates that could help in the future when locations become hard or unsafe to examine.  The project will take place on The Isle of Sheppey, sits at the mouth of the River Thames and River Medway (Judge, 1997) with a Swale on one side, detaching it from the mainland (Young, 2014) and the sea on the east side. London Clay is the predominant soil type. The Methodology Thomas (2018), this method is used by using historical and present photos, past and current wind speeds and flooding rates; then calculated by using Root Mean Square Error Calculation (RMSE). A similar method has been used by Lyer (1974), Furmanczyk and Dudzinska-Nowak (2020).  There will be limitation to this project such as, being able to obtain recent images due to Covid19, Access to University Software, Data on the Isle of Sheppey due to be a much forgotten place and Equipment due to an overload of past software on the laptop.
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Climate change is impacting the environment in different ways. In regards to climate change there are a number of different events to expect, such as , the average temperatures will rise: hotter summers with colder winters, frequency and amount of rainfall: wetter winters, longer and hotter summers, increased flooding and flash flooding, pressure on water resources, brutal weather: increased flooding, droughts, heat waves, and severe snowfall, Rising sea levels: expected increase of 40 centre metres (cm) by the end of the century which could lead to supplementary coastal erosion and flooding (Bradford Metropolitan District Council, 2021), these are just a few changes to expected with many more that could or will impact humans and wildlife. 
Coastal areas are being significantly impacted by events from the sea and land. Coastal erosion is a global phenomenon and erosion is a natural occurrence, however, climate change and human influences are antagonising the situation (Adjei-Boateng et al.,2016). These events are affecting the livelihoods and safety of an estimated 2.4 billion people that live on the coastlines of the United Kingdom (UK) (United Nations, 2017).
Current erosion events are causing loss or damage to wildlife, habitats, possible human life, and human properties. The lost in habitats is a large problem, some are homes to endangered fauna and flora, once these habitats are gone, there is nowhere else, or few places left for the endangered fauna and flora. 
Hartmut Aumann, alongside a team – studied the effects of the sea’s temperature on the globe. They found a correlation between the sea’s temperature and an increase in storm frequents (Aumann et al., 2018). The study was carried out over a 15-year period, the data illustrated that if the surface water were higher than 28 degrees Celsius a storm would be triggered (Aumann et al., 2018). This triggered storm would produce 3 millimetres (mm) of rain per hour, covering a 16-mile area (Aumann et al., 2018). Further data showed for every 1 degree increase in water surface temperature would produce 21 storms (Aumann et al., 2018). 
This study has shown a knock-on effect; increases in water temperature leads to thermal expansion of sea water, this leads to increase in sea levels which then leads to an increase in storms and flooding. Although the warming is a part the natural cycle, it is being exacerbated by a human-induced climate change; with all these factors it is of no surprise that low-lying areas are being greatly impacted (United Nations, 2017). 
The 2019 ‘State of Nature’ report concluded the 41 percent (%) of UK wildlife species has declined in the past 50 years and a further 13% of wildlife was threatened with extinction in England (?). Flooding has increased, with ‘1 in a 100-year event’ of flooding happening more frequently, for example, in February 2020 – three named storms hit the UK in rapid succession that created significant flooding inland, forcing the Environment Agency to declare the events ‘uncharted waters’ (Davies, 2020). As stated above, all these factors when added together or as individuals create knock on effects. With extreme rainfall the river basins are impacted and leads to soil erosion, depending on the geological area, some soils are vulnerable to degradation and landslides (Young, 2014). 
With all the information above, the environment needs great care. However, the beginning of 2020 shocked the world and left the world at a standstill. 
In the first few months of 2020 there were a few events that happened, such as, devastating wildfires in Australia, conflict between different countries with talks of war, a level 4 volcanic eruption and a mysterious virus (Salo, 2020). By February, the virus was named Severe Acute Respiratory Syndrome Coronavirus 2 (SARs-COV-2) (World Health Organisation, 2021), also known as Covid-19. 
March 23rd, 2020 the UK was put into lockdown (Government, 2020) and by April 2020 46.6% of the population was working from home or remotely (Cameron, 2020). Although humans have seen many pandemics throughout history Covid-19 seems to have taken the world by surprise and hit the global economy hard (Fuentes and Moder, 2021). 
With the population in lockdown and this virus spreading rapidly from country to country, any other issues that the world face took a step back, the environment being one. However, the lockdown did have some positive points; the environment did appear to thrive, air pollution level improved with approximately 30% drop in Nitrogen Dioxide (NO2) levels in June 2020 (Kumar et al., 2020). 
Due to lockdown certain jobs were unable to be carried out such as construction, environment assessments, a lot of driving services. With these new difficulties to face, that many in the world did not expect, new methods and technology is needed to be able to continue some of these jobs at a distance. Regarding the environment, while the world is at a standstill, there is the need for management, conservation and monitoring of the environment and wildlife, and both are impacted by coastal erosion. 
A research project carried out by Marie West that examined the Physical Vulnerability of Coastal Areas on the Isle of Sheppey found, using Palmers 2011 method and Shoreline Management Plans, that one of the most vulnerable locations was Surf Crescent Road (West, 2020); using these methods found that the house that was situated in this location would have an estimated 18 years before succumbing to erosion (West, 2020). However, in June 2020, a month after the research project was completed, the house and all personal belonging in Surf Crescent Road was taken over the side of the cliff. 
With this event and the current covid-19 situation a method that allows monitoring, possible prediction of erosion events and a time scale on future events is needed. 
In the South-East of England there is a 16 kilometre long, 7 kilometre wide with an area of 90 square kilometre (Young, 2014) island called the Isle of Sheppey. The island sits in the North-East of Kent, at the mouth of the River Thames and the River Medway (Judge, 1997), with a Swale that detaches it from the mainland (Young, 2014). The population is an estimated to be 22, 021 (Kent County Council, 2019) and the main source of income for the area is tourism with approximately 20 caravan parks. Sheppey is surrounded by water on all sides, with the rise in sea level the island is in danger of succumbing to the sea (Young, 2014). 
With an array of different habitats on Sheppey there is a need for individual strategies to manage each environment in regards the impact of coastal erosion. Sheppey’s geology consists of London Clay, with large amounts found on the North Side (Young, 2014). The North side is one of the sides most exposed to the sea (Hopps, 2018). 
[bookmark: _Toc67675869]1.1 Research Questions
The question for this research project is: can historical and present aerial satellite images aid in achieving accurate results of coastal erosion using remote methods? 
[bookmark: _Toc67675870]1.2 Aim and Objectives 
The aim is to determine if an accurate assessment on coastal erosion can be carried out remotely with accurate results. 
The objectives of this research are:
1) Calculate the distance of land lost by analysing historic and present satellite images in a Geographical Information System of locations experiencing coastal erosion. 
2) Compare and establish the rate of erosion in the current shoreline management plans with collected finding, weather patterns and sea level rise.
3) Evaluation of these areas will be inspected by applying the Root Mean Square Error calculation (RMSE) method. 
The first step in any possible research project is to establish the physical background and the methodological approaches they could be used or have be used in the past regarding similar research. In the following section, these subjects will be discussed. 
[bookmark: _Toc67675871]2.0 Literature Review
The aim of this project is to use a method that would allow a rapid, remote assessment to be carried out on eroding coastlines of the Isle of Sheppey. It is important to understand what causes erosion, the topography of the area, what the weather patterns and trends of the area are. Historic trends that could show insight to future events and a review of relevant literature is necessary to lay the foundations of the project. 
[bookmark: _Toc67675872]2.1 Climate Change
Global warming is having an impact on many parts of the environment, with sea level rise impacting being seen not just in coastal areas and further in land near bodies of water. The National Ocean Service has been monitoring the rise of sea levels for several years and found that rate of sea level rise is “one-eighth of an inch” (National Ocean Service, 2021). To further understand sea level rise, on the 8th of September 2010 sea level had risen to 1.92 inches, by 25th September 2020 the sea level was 3.81 inches (NASA Goddard Space Flight Centre, 2020). In a little over 10 years the sea levels have risen by 1.91 inches. 
The rise in sea levels could be partly attributed to the ‘greenhouse effect’, when fossil fuels are burnt carbon dioxide is emitted, which if not captured and stored will be released into the atmosphere (Forest Research, 2020) along with other gases; this then results in an elevated global temperature which later leads to such events as glacial melt and sea level rise (NASA, 2020).
Coastal Communities are already experiencing the effects of sea level rise, with increased flooding, higher tides, and more frequent storms, this will increase until coastal communities are driven to retreat inland (Buchanan, 2019).  
In 2015 the Met Office had previously noticed an increase in bigger storms (Met Office, 2020); this led to the meteorological events to be given names (Met Office, 2020). The name of the storm is given depending on the expected severity of weather and if it will cause an amber of red warning to the public (Met Office, 2020). Between September 2015 and December 2015 there was 6 named storms, 2016 8 were recorded, 2017 7 were recorded and in 2018 5 were recorded in the first 6 months (Met Office, 2020). The increased frequency and severity of the storms appears to be having a greater impact on the environment. 
Typically, with the increased storms will include an increase in 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 can cause landslides (Bobrowsky and Highland, n.d.). landslides can occur naturally or due to seismic activity. On the Isle of Sheppey, a mixture of weathering and possible seismic activity is causing the land slides. 
[bookmark: _Toc67675873]2.2 Coastal Management 
In the United Kingdom 17% of all coastlines are experiencing considerable coastal erosion (Marine Climate Change Impacts Partnership, 2020). If broken down further, 30% of England’s coastlines, 23% Wale’s coastlines, 20% of Northern Ireland coastline and 12% of Scotland’s coastlines are being affected by erosion (Masselink and Russell, 2008). 
Due to these experiences many Local Authorities and Coastline Management personnel are dealing with new infrastructure and development plans which can aid in erosion due to soil movement and flood risk. What were once appropriate management measures are no longer applicable for certain areas. 
There are a few different ways to assess risk to coastlines that allows possible impacts and future management to be considered; one method is a Shoreline Management Plan (SMP).
A Shoreline Management Plan is a component of an Operational Management Strategy that is used to plan and prepare for any anticipated natural resource management or development (UK Government, 2019). A SMP will consider tidal patterns, wave direction and height, movement of beach and seabed materials, and conflict of coastal user (UK Government, 2019). This type of assessment is carried out to hopefully help lower the risk to people, culture, natural environments, and possible future developments (UK Government, 2019). After the full SMP assessment has been completed further action can be taken, for example, sustainable and suitable plans can be put into place for the short, medium, and long term (UK Government, 2019). With the environment changing at a rapid rate, assessments need to be carried out regularly; often by the time the results of the assessment have been compiled the location has changed again. This would be where remote, rapid assessments could be used. 
A SMP has four approaches to managing coastlines, these approaches will consider risk to humans and the 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.” (West, 2020. p.p. 10). 
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Figure 1. An Image of the 2010 Shoreline Management Plan. 
[bookmark: _Toc67675874]2.3 Geographical Information System
A Geographical Information System (GIS) is system used on computers that is used to capture, store and displays data collected on locations around the global, it allows a better understanding of spatial patterns and the relationships that connects the data (Evers, 2017). 
The system can display such data as cartographic, photographic, digital and spreadsheets (Evers, 2017). These different data formats are able to be imported into the software and overlaid on top of one another to create a single map with the data points visible (Evers, 2017). 
There are many different resources where data can be collected to import into the GIS software. For example, Digimap is an online data base that requires a subscription to use and access maps and spatial data but allows users to gather data such as Ordnance surveys, historical, geological, LiDAR and marine information (The University of Edinburgh, 2021). 
A very similar software to GIS is Google My Maps. This online software is free to use, it only requires an account to use, it allows users to create customised maps by added pin makers, layers, directions, images, videos, and text (Philippe, 2021). The different between GIS and Google My Maps, with GIS different maps can be imported but with Google My Map he only maps that can be used and examined is the ones currently in the system. 
Google Earth Pro is another free downloadable software which allows users to examine geospatial data such as, high-resolution images, 3-dimensinoal (3D) cityscapes, road maps in detail, panoramic images at street levels, historical images, natural features, weather patterns and business locations (Ngucha, 2015); this data is already built into the software, but dose allow external data to be imported. This system contains other advanced tools that aid in understanding data such as, measuring areas, radius, length, and 3D building (Ngucha, 2015)
To use these different software types another method needs to be used alongside. The software is just the tool while the method will be the rule that is followed to provide an understanding of the data, this method will be discussed in the next section. 
[bookmark: _Toc67675875]3.0 Physical Background
The Isle of Sheppey is located in the South-East of England, is a part of North-Kent, sits at the mouth of the River Thames and River Medway (Judge, 1997); a Swale flows between the South of Sheppey and the mainland (Young, 2014), keep the island and mainland apart. Population and size of the island has been mentioned in section 1.0. 
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Figure 2. Aerial view of the Isle of Sheppey, 2019.
The methodology will examine and rely on the weather patterns of Sheppey. Knowing this, the author would like to give some information on weather and erosion events found previously. 
In the Winter between 1971 to 1972 was very wet and overcast that lasted 3 months (Anon, 2002b). In the November of 1971, a landslip at Warden Point occurred with 30 metres land lost over a 200-metre area (Swale Borough Council, 2013). 
From the winter of 1978 to 1980 several different landsides happened. The winter between 1978 to 1979 was the coldest in 20 years, 1979 spring was the coldest and wettest in the 20th Century, the winter between 1979 to 1980 is one of 5 winters listed to have 5 or more gale storms, and Spring 1980 was the driest experience in 30 years (Anon, 2020b). 
March 1979, 1 acre of land dropped 30 metres near Swanley Farm (Swale Borough Council, 2013). January 1980 Ashcroft Coast Holiday Park saw a landslide that dropped by 30 metres, taking two caravans with it (Swale Borough Council, 2013). 
March 10th and 11th 2013 saw low pressure with large snowfall and high winds which lasted until the 20th of March (Anon, 2020b). The springs months of 2013 were the coldest recorded in the area since 1962 (Anon, 2020b) The summer months of 2013 was the warmest since 2006 with thunderstorms, high winds, heavy rainfall, and large hail (Anon, 2020b). The winter months at the end of 2013 saw heavy rainfall and very wet. The exact date is not known but Ashcroft Coast Holiday Park experienced a large land slide that led to the owners having to retreat further in land (Nurden, 2016a). 
September 12th to 15th 2016 experienced heatwaves with flash flooding (Met Office, 2020). November 2016 had strong winds and heavy rainfall from storm Angus, the rain caused flooding which caused damage to the South Coast (Anon, 2020b). In October 2016 Ashcroft Coast Holiday Park lost 70 feet of land to a landslide due to heavy rainfall (Nurden, 2016a). 
These are just a few events that have been found. For unknown reasons Sheppey seems to get forgotten and hardly information is documented, for example a weather report was found dating back to 1097 for the Isle of Sheppey and then not again until 1760. 
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The method that has been considered to carry out this research project is Thomas 2018. 
In Thomas 2018 paper he examined and calculated changes in the Port Eynon Bay, Gower, Wales, UK, shoreline (Thomas, 2018). Is this research project there was a two- step approach that consisted with aerial and transect-based data that would help to predict possible shoreline position in the future (Thomas, 2018). In this project Qgis was used, which is similar to GIS, it was used to calculate the shoreline position from historical aerial images from the past 60 years (1944 to 2014) (Thomas, 2018). 
This is the methodology that the author wishes to use but with changes that focus solely on the use of remote methods. This has been thought and discussed at length due to the current Covid-19 situation. 
The changes the author will make is using at least 4 different data bases to obtain the maps, locations, weather patterns and topography. 
Nine locations have been selected where erosion has been seen. Using Google Earth Pro, Google Maps, Google My Maps and Digimaps, historic and present aerial satellite photographs and images will be export from the above data bases and imported into the GIS software. The advance tools will be used to measure to current land size, the past land size and the amount that has been lost, the Root Mean Square Error (RMSE) (Thomas et al., 2018) calculation will be used, this will allow for a maraging of error. Wind speeds, flooding rates and topography will all be examined to add additional insight into the erosion happening. 
Similar methods have been used in other studies such as Lyer 1974, Furmanczyk and Dudzinska-Nowak 2020. 
The author will not be able to visit the selected location due to Covid-19 restriction but has considered this methodology as it would allow a rapid, remote assessment to be carried out. 
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The Environmental Agency reported that 1.5 metres of Sheppey’s coastline was eroding a year (Environmental Agency, 2018). However, the expected results would be to find the erosion of the coastline to be more sporadic. The author is led to believe this, due to history in West 2020 research project. West 2020 research project fond entries in local people’s diaries from many years ago that discussed erosion events, personal experience and with recent events, where a homeowner’s house and belongings were taken over the side of the cliff in June 2020, this is the expectation. 
However, until the research project is complete the actual results will not be known. Only speculation can be given. 
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The purpose of this research is to investigate if a remote method can aid in rapid coastal erosion assessments. Covid-19 is still being spread and many companies have continued to allow their employees to work from home. In April 2020 46.6% of the population was working from home using a remote method (Cameron, 2020), this shows an increased interest in making aspects of life available via remote use. 
In the thick of the Covid-19 pandemic it was apparent that changes in methods that investigate and examine environmental issues need to be re-examined; with new methods that would allow the environment to still be cared for and looked after without being able to physically be there. In regards to coastal erosion not only the wildlife and environment impacted but human life can be put at risk if the erosion in not monitored. And, with large amounts of the UK’s coastlines experiencing erosion, action needs to be taken to preserve, protect or both. 
The idea of being able to accomplish remote evaluations would allowed Agencies, organisations and Government bodies to carry out assessments from their desk and be better prepared in the future should something like Covid-19 happen again. Not only is there future events to considered but with the economical issues that the global is experiencing from Coivd-19, cuts to budgets will happen; with a remote assessment it will allow assessments to be carried with less expenses while also permitting the environment to be cared for. 
No research project is without limitations, and this research project dose face some too. Up to date satellite images, due to Covid-19 new satellite images have not been taken since early 2020, meaning changes to areas over the past year can not be seen on maps; this project does rely on satellite images and photographs to make it possible to achieve. 
Software might also pose a large problem. The GIS software that the author will be using is currently available to her by using remote access to the University computers. The issue with this is memory; the university allows 250mb space to save your work to your own domain, which is not enough to download and obtain the data from online data bases, and you are able to save work to the computer that you use but people will be able to delete it. 
The Isle of Sheppey appears to be a forgotten place, both in respect to actually known the island even existing and in respect to time. On Sheppey it appears that time stands still and seem as though they are 10 years behind every where else. The rest of the UK only became more aware of Sheppey as it had some of the highest rates of Covid-19. Because of this ‘forgetfulness’ there is little to no documentation on erosion events, weather patterns or reliable information.
Although these are the limitations that are being faced, there is a need to consider and investigate alternatives for current assessments. Approximately 2.4 billion people (United Nations, 2017) will be impacted by coastal erosion whether this be loss of homes, land or necessities; the erosion might be inevitable, however, there is a need to examine if an accurate remote assessment can be achieved  that will allow the world to be prepared for whatever will happen and to know what our time scale is on coastal erosion. 
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