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[bookmark: _Toc131678740]Introduction 
Sea level rise has been at the forefront of many minds for the past few decades. Even though the sea level has been rising for the past ~20,000 years, it slowed considerably around 7000 years ago (Erlandson, 2010). Even though this environment is now given importance in its own right, what is less focused on is the link between sea level rise and associated natural processes and the destruction and damage of coastal archaeological sites. The natural processes which link to sea level rise and the climate crisis all affect these coastal sites of importance. The coast has always had cultural significance as it has allowed people to travel, trade, and live prosperously. Without water and the connections that the sea offers the world today could be very different. Rick (2012) states that ‘coastlines and coastal resources form a fundamental component of subsistence economies.’ The coasts have been shaped by people, as people have been shaped by coasts. Even with this importance these sites are not given the attention that is needed. This often comes from the fact that these sites are often not known about except the few stand out sites such as Sea Henge. 

The preservation of archaeological sites varies between the devolved nations. In England there is CITiZAN which focuses on coastal archaeological sites and is a charity mainly made up of volunteers. In Scotland there is SCAPE but there is not a Welsh equivalent of these groups so information about coastal archaeological sites is lesser known and not as actively recorded. This is one reason why this study is important. 

It is difficult to keep all coastal archaeological sites safe as there are many and there are limited funds. This paper will examine the vulnerability of various coastal archaeological sites in Wales and offer local councils’ advice on how to protect the most vulnerable ones. This will be done via a matrix of vulnerability which is created from various factors which indicate a site's vulnerability. Some of these factors are resistance to erosion, elevation and distance from shoreline. 










[bookmark: _Toc131678741]Aims, Objectives and Timeline
Aims:
· To create a matrix to rank Welsh coastal archaeological sites on vulnerability.
· Use the matrix outcomes to suggest management strategies in the most vulnerable areas. 
Objectives:
· Propose and test a vulnerability matrix for coastal archaeological sites. 
· Evaluate the Matrix and consider its usability and accessibility to allow for greater interaction from the public and interested parties as well as its rolling site management.
· Adapt and change the vulnerability matrix to be more effective. 
· Offer specific advice for the most vulnerable sites and how councils can protect such sites.

Timeline:

	Task
	Hopeful completion date

	Proposal presentation
	28th  March

	Proposal submission
 And Ethics form
	18th April

	Feedback received 
	~10th May

	Full literature review first draft
	20th May

	Data collection
	30th May

	Data analysis
	10th June

	First Draft 
	30th June

	Completed Dissertation
	30th July



Due to strikes and feedback time allowance the dates may change slightly but the goal is to complete the dissertation by the end of July.
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This study has academic grounding due to similar studies occurring in other countries, such as around the Mediterranean, North America, and Africa. This offers an international contextualisation for the research. A study of this kind has not been completed for the whole of the UK  or Wales and offers a gap in academic knowledge and in UK  and Welsh planning. A matrix of this kind has not been used but correlation coefficients and other forms of ranking have been used to various extents when looking at sea level rise and archaeology (Zarley, Et. al, 2016). Their methodologies are also somewhat transferable as a coastline is a coastline no matter the country. Granted, every site is different, but the same methodology can be used just on a much smaller scale. Even though a study for the whole of the UK has not been completed a similar study has been carried out by SCAPE (Scottish Coastal Archaeology and the Problem of Erosion). They used, at face value, a simple equation to work out the importance of a site. 

Archaeological value x Erosion risk = Priority

The group agreed on a standardised methodology to see how many sites actually high risks were. Their study which was completed between 2012 and 2016 actually lowered the previous number of 3,768 to just 1,115 with 332 sites given priority 1 or 2 (~SCAPE, 2017). This does lead to complications as there are many factors which make up both of the variables in the above equation, which are not known just from the equation itself and could lead to the scores becoming very objective. 

There has also been a paper written on the impact of coastal erosion on Archaeological sites in Northern Ireland (NI). This paper has a clear methodology and breaks it down into steps and could offer a template for the methodology of this paper. A weakness of this paper, however, is that it only discusses two of the ten sections looked at in detail. 

Furthermore, the work which has been done in England is all completed by volunteers and is a database of all coastal sites rather than a system to rank and compare importance and risk to the sites (CITiZAN, 2023). As for Wales there has not been a data base or paper relating to the risk of sea level rise, natural processes and erosion on coastal archaeological sites at all. 

This report will offer a more in depth management plan for the sites than the system used by SCAPE and will focus on further features than just value and erosion risk. Furthermore, for the other countries this is going to be an extension of any previous research completed and will look at the most effective ways to manage sites and mitigate the risks that global warming poses to archaeology.  
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Little is needed to be said about sea level rise, as it is a common issue that many people are aware of. A key writer on this topic is BC Douglas. Douglas has written multiple publications on sea level rise and its effects globally, as well as looking at the projected sea level rise in the future.  Douglas has a focus on the past trends and the consequences of sea level rise, and they believe that the past could be the key to the future if looking at trends. They also discuss the importance of the equipment used and how errors can occur in tests and predictions due to human error. Human error will also be a factor in this dissertation. Understanding human error and the possible effect it could have on the study allows for a more conclusive and in depth discussion in the findings section as it is not something that surveys which contain human interaction can ever fully discount.  The only issue with this author is that the most recent publication was 2013 with all other work being before this time with some dating back to the early 1990s. They still offer valid scholarship but the predictions are ever changing, greatly due to technological advancements allowing for more accurate future projections.  

The most current scholarship on sea level rise focuses on the current crisis and how flooding is becoming a much more common part of the world and its effects. What is not beneficial for this study is that the majority of the papers which are being published currently or within the last year have focuses abroad in areas such as Scandinavia (Jungdal-Olesen, Et. al., 2023). One of the only mentions of the UK in direct link to sea level rise in current papers is one mention in Lui and Mostafavi’s 2023 paper ‘Collision of Environmental Injustice and Sea Level Rise: Assessment of Risk Inequality in Flood-induced Pollutant Dispersion from Toxic Sites in Texas,’ and even then, the UK is only mentioned as a brief example from previous work completed in 2007. There is not much direct scholarship to the research area but as sea level rise is global it in itself offers grounding for this study. 

The forefront writer on  sea level rise and erosion on coastal archaeological sites is Kieren Westley. They have written multiple papers discussing the risk that sea level rise has to archaeology. Their background is in marine archaeology and they currently work on the Maritime Endangered Archaeology Project which focuses on Marine archaeology and erosion’s effects in North Africa and the Middle East and is based at Ulster University (Ulster University, 2023). Not only does Westley give grounding for this research in the UK but also offers grounding on an international scale due to his work abroad. His papers focusing on the MENA region far outweigh their writing on NI showing that most of the focus for this type of study is in locations abroad to the much more severe risks which are posed by the weather and other natural processes. Westley has also written papers on this issue in Northern Newfoundland. With such a variety of areas the issue is put into a global context and comparisons can be made and differences can be seen between the management and surveying between countries. The issue with this is that global warming is making storms worse in the UK with some areas, such as the Happisburgh coast, losing metres of land in a single storm (BGS, 2023). In the MENA area Westley and his team used the ‘Maritime Endangered Archaeology inventory’ which is a ‘geospatial database of MENA maritime archaeological sites incorporating a disturbance/ threat assessment’ (Westley, Et. al., 2021). This database uses factors such as coastal erosion and flooding, as well as wind/ water action, vegetation, and anthropogenic causes such as roads and construction. Due to this study only focusing on the natural processes acting on the sites many of these indicators will not be included but wind could be included if enough data is available for all sites, and coastal erosion is a key focus. These papers indicate the importance of these factors and why they should be included in this study. 

An interesting point made by Westley, Et. al. is that due to the changing nature of the world and the climate crisis, researchers cannot wait for a perfect data set as the effects of climate change are happening quicker than the researchers can collect all the data needed. This does help the validity of this research project as the data will not be perfect or have every detail needed but it is important due to the ever changing situation in Wales and the UK with unprecedented weather patterns happening which are incredibly difficult to predict. 

What is interesting is that the paper does not directly state that climate change is the cause of the degradation of the sites studied. They state that this is due to anthropogenic actions and immediate disturbances (Westley, Et. al, 2021). This moves away from much of the traditional ideology for coastal erosion but does offer a wider understanding of the situation as people are one of the main causes of erosion due to the practices and styles of living which have been subjected to these areas for thousands of years. But anthropogenic actions do act as a catalyst for global warming and the climate crisis. The world's temperature has had massive variations over history causing ice ages and hot house events. Many of these were before ‘humans’ even existed but anthropogenic intervention has sped up the processes that may have taken hundreds if not thousands of years. This can be seen below in Figure 1.
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[bookmark: _Hlk131678434]Figure 2 Hot house and Icehouse Timeline (University of California, 2020)

The main journal for articles on coastal archaeology and sea level rise and its threats is The Journal of Island and Coastal Archaeology. This journal has published many articles on the connection of sea level rise and coastal archaeology. This has helped find many papers on the topic which have offered academic grounding. The articles are rigorously peer reviewed to make sure the articles are to standard, with papers being reviewed by up to five academics (Taylor and Francis Online, 2023). Not all papers in this research paper are from this journal so that there is not a bias to a specific type of paper, but with some being from this journal it allows for a greater quality of research consulted. Due to publishers of academic papers not having as much influence as other forms of publications such as newspapers, there is likely to be less of a bias towards one type of paper but there could still be unconscious biases presented. 

Even though the vulnerability matrix in this paper is a simple format it offers much easier engagement. It does, however,  get some basis from Zarley, Et. al’s  paper from 2016. In this paper there is an equation used as the ‘matrix’. This is as follows - 
[image: ]
This at first glance is much more complicated than the matrix which will be used for this paper but the factors included in the equation cross over with the factors used for this study. These are distance from the coast (D), elevation (E), vulnerability of the shoreline (SV). These are factors which are included in the matrix of this paper, if worded slightly differently. This offers grounding for using these factors as Zarley, Et. al has included them giving them academic significance in this field. However, in this research paper LU is not being included as LU stands for Land use near site, which is an anthropogenic factor.  Zarley, Et. al., 2016, offers further importance for elevation due to stating that ‘The most recent IPCC report predicts a rise of 26 - 82 cm of mean sea-level globally by 2100’ (Zarley, Et. al, 2016), which could cause many issues and much damage in the future. 

Rivera-Collazo, 2019, offers further input to the importance, but also the reliability of assessments such as the desk top study this paper focuses on. They believe that even after much researched climate change models are created, the results are conservative as the damage can be expected to be more severe and sudden (Rivera-Collazo, 2019). They are talking from experience as they themselves were part of a team creating a desktop vulnerability survey before Hurricane Maria and the effects of this climate change fuelled catastrophic disaster were far worse than they expected. It can be noted that this study was completed in Puerto Rico but over the years severe weather events  have been  getting worse and more frequent so one could assume this trend would continue leading to more frequent climatic events which would have to be taken into consideration when looking at the matrix. This shows the importance of including weather as a factor. A factor which would be good to study would be the acidification of the ocean but due to the equipment available this would not be possible and there may not be much information for this via a desktop study. Rivera-Collazo, 2019, states that this is of major concern and can have a large effect on coastal heritage and archaeological sites. This does lead to a gap in the data, but it also offers a point of improvement for future wider reaching assessments of similar types in the UK. 

Bracero Marrero (2021) looks at Puerto Rico’s coastlines and the impacts to coastal archaeology. Their focus was on Loiza but still offers a more recent look at the coastal effects to archaeology in Puerto Rico than Rivera-Collazo and offers a differing opinion. Bracero Marrero offers that GIS is a successful and highly useful tool to gauge the danger that coastal archaeological sites are in. They seem to have a much more positive look at the success rates of GIS estimates compared to Rivera - Collazo. This difference in opinion is common in scholarship but offers issues when looking at the successfulness of GIS and desktop surveys. Rivera - Collazo is not completely against this type of study but does point out the weaknesses which every form of research has and will be further discussed in the findings when this dissertation is completed. It is positive having a scholar on either side of an argument as it offers the survey method grounding but also where it could be improved. 

Another question which has to be asked of coastal archaeological sites is if the sites are actually safer underwater? The Newport ship was excavated but started to degrade above water so is it safer for some sites to remain submerged or buried? As stated by Stewart, 1999, if a site is affected by rapid submergence, it can actually preserve the site rather effectively. The main issues are caused when there is a slow inundation of water, as this allows time for the waves and sea to damage and destroy the sites. So, if it was possible to estimate how quickly a site would be submerged it could lead to a lesser need to excavate that specific site and focus on more vulnerable sites which would or could suffer from slow inundation. As stated above desk top surveys are not one hundred percent accurate so any estimation could be incorrect and lead to loss of important archaeological sites. Even looking at past sea level rise rates would not be effective as levels are rising at an unprecedented rate. 

Sea level risk, which leads to increased erosion in some cases can actually also have positive effects on coastal archaeology. Sites such as Seahenge near Holme, were unknown before erosion had acted on the site (Historic England, 2023). Due to the erosion of the site Seahenge was revealed and offered much information as well as posed questions about our ancestors past relationship with the coast. The issue with sites which are revealed in this way, however, often are recovered quickly or eroded or submerged, meaning there is only a small amount of time in which work and investigation can take place.
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This study will be completed via tabletop research as it is not manageable to physically travel to multiple archaeological sites around Wales in the time frame given. Furthermore, all sites in Wales were not used as there are too many to adequately investigate on a master's level. If more time could be dedicated to this study, it could be completed on a much larger scale. For the selection of Welsh sites multiple different sources and pages were looked at to try and choose ten sites to analyse. The ten sites chosen are as follows - 

Sites (Wales) - 
· The Mary, Skerries, Anglesey
· The hulks in the intertidal area at Ynyslas National Nature Reserve
· Whitesands Bay beach
· Dinas Dinlle coastal fort
· Porth-y-Rhaw Coastal Promontory Fort
· The Great Orme promontory, overlooking Llandudno.
· small mediaeval settlement in the Newborough Warren area
· Petrified forest - Borth
· Castell Bach - Ceredigion 
· Ramsey Island

These sites may change due to the nature of this study and after the proposal is submitted, they may not be deemed viable. 

This study is going to focus solely on the processes that are enacted on the site to measure the vulnerability. With the cultural significance removed the focus is just on the natural processes and is less personal, and biased opinion than if cultural importance was included which could make sites which are pretty secure much higher on the vulnerability scale. The issue with cultural significance is also whether it was culturally significant at the time of creation and has archaeological value or has a more modern value and is culturally significant today. This can be seen in sites such as the Cape Hatteras Lighthouse in North Carolina (Erlandson, 2010). This lighthouse was under threat from coastal erosion and sea level rise which resulted in public outcry (Erlandson, 2010). Due to this the local authorities decided to move the lighthouse ~870 metres inland which cost the state about $12,000,000 (Erlandson, 2010). Including these factors can impact the vulnerability and also the management methods which may have to be employed to save similar sites. Public pressure can quite often be the turning point for many projects, so a focus on the geological and geographical factors takes out most of the human experience and focuses on the science. This also allows for the results to be more easily and accurately recreated.  

For resistance of the geology, Mohs scale of hardness will be used. Mohs scale (Figure two) indicates the hardness of different materials and what is needed to damage them. The harder the geology, the less risk that is posed to the archaeology. 

[image: ]
[bookmark: _Hlk131678485]Figure 3 Mohs Hardness Scale (National Parks Service,2023)

Since Mohs scale is out of ten the vulnerability index will have each category marked out of 10 also. The higher the total score the less vulnerable the site is. Even though Mohs scale works in the opposite way it makes it easier to understand overall, with the geology being marked with 1 being the strongest (Diamond) and 10 being talc which would lead to the most issues since chalk cliffs are incredibly friable and susceptible to acid. An issue with this is that some rocks made up of harder minerals can be acted on more readily by chemical weathering. Resistance could be split into two categories in the matrix, chemical and wave action. 

This matrix could also be completed in a way, more reminiscent to the above examples using equations. This could be a separate methodology to see if using matrices such as Zarley, Et. als, to see if they would similarly be affected in the data collected from Wales., or if it would affect the order of vulnerability. This is a more complicated method, and the basis of this paper is to make the accessibility to the matrix knowledge simple and easy to understand for all as it could have a greater impact in localities which are affected by extensive land loss and erosion. Sometimes, simple is better if it allows more people to understand and learn from it. 


[bookmark: _Hlk131678528]Matrix Table to Investigate the Vulnerability of Coastal Archaeological Sites
	Factor
	Score
	1
	2
	3
	4
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	7
	8
	9
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	Distance from coast
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	Vulnerability of the Archaeology
	
	
	
	
	
	
	
	
	
	
	


One of the issues with applying a scale to sites is that everyone will have a different opinion on where each factor falls on the scale. Due to this it makes it harder to know where to put the limited funding which is available. This matrix will be tested on a test site to start with to investigate the viability of the different factors included in the matrix and the matrix itself. For this test the matrix will be adapted. The matrix has already been adapted from the first proposal presentation as the factors highlighted above have been added and factors such as ‘weather’ have been removed and ‘hardness’ was changed to ‘resistance to erosion.’ 

An Archaeology and Mediaeval studies master’s graduate from UWTSD has stated that the importance of the site is down to the importance of what could be found and the immediate risks which affect the site. The other factors they listed were, uniqueness, geological location, perceived content, and dating. There is some overlap with the criteria used in the above matrix but there are also factors such as uniqueness and dating which were not put into the original matrix highlighting that different people have a different opinion on what makes a site important.

Due to the biased nature of this survey methodology, it will be completed relatively so the sites will themselves offer the scores due to the level of each site being  in comparison to another. 

Another issue which presents itself is that a site may be highly vulnerable due to one factor but have many low scores on other factors so is deemed less vulnerable overall. This could lead to sites which are more vulnerable being ignored and receiving less funding to protect them. A way to work around this could be to include the weighting of each factor. For example, if there were ten factors, as there are currently, and ‘resistance’ was deemed most important, whatever that scored that would be times by 10. However, this does make the matrix more complicated and less accessible which goes against the objectives of this study.

Designation may be included in the final matrix as the designation may offer greater protection than sites with lower designation. If a site is a UNESCO site that instantly makes the site seem more important than just a local council declaring that it is important. 

After the completion of the data collection and the matrix for each site, the sites will be ranked from most to least at risk. The most vulnerable sites will then be looked at in greater depth and possible management plans will be put forward to help maintain these sites. Some of the management plans listed would possibly not be able to be undertaken if applied to the real world due to tight council budgets and other issues which are more pressing within communities.

As for ethical considerations there will be minimal as this is a desktop study focusing on data collection of natural structures. No cores or damage will occur to the sites and there will be no sentient beings used for any aspect of the research. 
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At this stage the findings of this project are unknown. Hopefully by the end of the study the matrix is functional for its cause and can be a transferable tool to calculate and rank coastal archaeological sites across the country. The successful utilisation of this matrix should allow for management plans to be created to suggest ways to protect the most vulnerable sites. With ongoing usage of such a matrix, this could also offer ongoing and changing management strategies and the situation changes over the coming years and decades. 

[bookmark: _Toc131678746]Evaluation: 
This research could offer a placeholder for the gap in the research and help see the effects of natural processes and sea level rise on coastal archaeology. Previous, similar studies, offer a good standing and show the importance of the topic as natural processes impact all coastal archaeological sites and not just the sites abroad. With ‘extreme’ weather events in the UK becoming more frequent this could also provide further management strategies to protect these sites.

This project is  more important than ever due to the projected sea level rise in the future. Sea level rise is uneven across the UK, with less in the North and more in the South. In London, the range in sea level rise is between 0.29m and 1.15m whereas in Edinburgh this is only 0.08m to 0.9m (Met Office, 2022). This is due to isostatic recovery, also known as post - glacial rebound. This rise could lead to the complete submersion of some archaeological sites in the UK and a permanent loss of history and culture. 

As previously mentioned, this research is going to be on a small scale but due to a time period of only five months, the hundreds if not thousands of sites in Wales could not all be investigated, but this research could offer the beginning of further study. 
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	Factor
	Reasoning

	Resistance to erosion
	Hardness was chosen as it is one of the first factors that came to mind when thinking about erosion and sea level rise. With a Geology background it is one of the key points of the subject and can also have a massive impact on vulnerability. This was then edited to Resistance after the presentation as the hardness is more so the individual minerals and hard rocks can still be easily eroded. 

	Chemical resistance of rock
	This was added as some materials are very strong against erosion, such as wave action but others are more susceptible to chemical weathering, so having the different categories better accounts for the geology and the overall resistance. 

	Elevation 
	Included in Zarley Et. als’  matrix so offers academic grounding for the factor.

	Size of site
	The size of the site can sometimes impact  the importance as some larger sites are villas and buildings in situ which can sometimes tell us more than smaller single items. Furthermore, the larger the site the more surface area to be impacted by erosion and the natural processes. 

	Present protections 
	This is deemed an important factor because this could influence the natural processes and how they impact the site. 

	Distance from coast
	Included in Zarley Et. als’  matrix so offers academic grounding for the factor.

	Coastal recession rate
	This is similar to vulnerability of the coastline which is one of the factors listed by Zarley Et. al. It is more easily measurable, and less opinion based. 

	Wind Levels
	Westley, Et. al. (2021), mention that wind action and wind in general can play an important part in erosion and natural processes. This is also measurable (Speed, etc.). 

	Mean Wave Height
	This factor was chosen as it has evolved from the original idea of coastline hostility. ‘Coastline hostility’ is much more open to interpretation but ‘mean wave height’ is measurable and wave height can have a strong effect on the erosion of a site.

	Vulnerability of the Archaeology
	This was brought up in the discussion after the proposal presentation. Just because the natural surroundings of the archaeology may be less vulnerable to sea level rise and erosion the actual archaeology may not be which could lead to the overall site being more vulnerable. 
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‘National Register of Historic Places in Florida by constructing a cultural resource vulnerability
index (Reeder-Myers 2015; Reeder et al. 2012). Using geographic information systems to
quantify the risk of individual archacological sites by creating CRVI’s allows rescarchers and
cultural resource managers to make informed decisions based on the effects of erosion, SLR and
other coastal hazards (Van Renssclacr 2014, 374). All the vulnerability indices discussed in this

paper have relied either on historical data (Reeder-Myers 2015; Thieler and Hammar-Klose

2000), or modeling future sea-level rise (Westley et al. 2011). We will be using historical data to

create our vulnerability indices because the data for this methodology is more robust. The

vulnerability of cach site is assessed by its location in the landscape, how vulnerable the closest
shoreline to the site is, and the modern land use at and around the site (Reeder-Myers 2015, 437).
A score is then generated for cach site using the following equation (Reeder-Myers 2015, 437
_2(D+E) + 3(5V) + 2(LU)

3

This equation places thic greatest emphasis on the site’s distance from the coast (D) and its

CRV

clevation (E), followed by the vulnerability of the shoreline closest to the site (SV) and the
modern land use near the site (LU). Raw values are normalized on a 1 to 5 scale for distance,
clevation and shoreline vulnerability (Reeder-Myers, personal communication). Land use is
ranked categorically on a 1 to § scale (Reeder-Myers 2015, 438-439). Each of these key concepts
is discussed in detail below (Figures 1 and 2).

Shoreline vulnerability indices help rescarchers quantify coastal hazards using a general
equation (Van Renssclacr 2014, 376). We used geomorphology(a), coastal slope(b), relative sca-
level rise(c), shoreline erosion(d), wave height(c), and tidal range(f) to calculate SV. The USGS
performed a study of the entire coastline of the contiguous United States and calculated SV with

an unweighted formula (Thieler and Hammar-Klose 2000, 1999):
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