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Abstract:
Coastal archaeological sites hold a great wealth of knowledge about the human past and interactions with the natural surroundings. These sites are at risk due to the ever-increasing threat from global warming and the impacts of such. With these sites growing ever more vulnerable, the rate which this knowledge is disappearing at is dire. A need for more protections is clear to preserve what is left of the many, already crumbling, sites around the Welsh and UK coastline. Aim: This work aimed to create a matrix which could rank vulnerability of coastal archaeological and heritage sites, with a focus on natural processes. Methods: A literature survey was completed alongside the creation of the matrix, which was then tested and adapted to work more effectively. Interviews and questionnaire responses were including in the work to offer a qualitative and quantitative aspect to the work. A sample of 10 sites from across Wales were scored and ranked to highlight their vulnerability. Key findings: The top 20% most vulnerable sites were identified and from this management and protection strategies have been presented. Recommendations included the need for a nationwide roll out of the matrix to be able to assess the vulnerability of the coastal archaeological sites of Wales, in a timely manner. A further recommendation was made for the utilisation of seaweed as a natural defence.  
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1. [bookmark: _Toc144465098]Introduction
[bookmark: _Toc144465099]1.1 Background
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).  Although 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 different. Rick and Fitzpatrick (2012, pp. 135) 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 areas are not given the attention that is needed. This often comes from the fact that these sites are not well known, except the few significant sites such as Sea Henge.

The preservation of archaeological sites in the UK varies between the devolved nations. In England there is CITiZAN which focuses on coastal archaeological sites and is a charity mainly consisting of volunteers. In Scotland there is SCAPE Trust which is a charity which works with the public to investigate and promote the archaeology of Coastal Scotland (SCAPE, 2023).  The closest equivalent in Wales is Coflein. Coflein however is not small-scale or  made up of volunteers, it is a branch of the Government and is the online repository for the National Monuments Record of Wales (NMRW). This database has a vast quantity of different monuments which fall within the topic of this work. From shipwrecks to lighthouses, Coflein has many sites, but due to it focusing on monuments it does not include some of the more archaeological sites, and many are modern so do not always fit into what is needed for this work.

It is difficult to keep all coastal archaeological sites safe as there are many and there are limited funds. With the cost-of-living crisis there has had to be a redistribution of the Government and councils’ money and it has also made the priorities of many individuals clearer (Financial Times, 2023). These priorities mostly do not cover coastal archaeology and having a lack of funding directed to protecting coastal archaeology and heritage is allowing the ongoing erosion and destruction of the country's history to continue. Even with adequate funds it would be difficult to protect all sites as there are countless. The map section below is from CITiZAN and shows one small part of the English coast and all its related sites, which highlights just how many coastal archaeological sites there are in the UK.

[image: ]
[bookmark: _Toc144379150]Figure 1 Map Showing Archaeological Sites in England (CITiZAN, 2023)
This work will examine the vulnerability of various coastal archaeological sites in Wales, with the aim of offering local councils’ advice on how to protect the most vulnerable ones. This will be facilitated via a ‘matrix of vulnerability’ in the form of a table which is created from various factors. Some of these factors are resistance to erosion, elevation, and distance from shoreline.

In areas of Archaeology, heritage and the environment, public engagement is lacking (History UK, 2022). With Governmental changes and beliefs, it is more important than ever to get the public involved in these sectors and indicate that these areas are for everyone and not just scholars. The UK heritage is everyone’s and everyone should be allowed the knowledge and understanding to get involved. In this work, having an easy-to-understand matrix allows for individuals to engage and see the impacts and vulnerability of the coastal archaeological sites around Wales. Having public backing also makes directing funds to these areas easier than if the public is cut out of the process and does not understand why money is being used in such a way.











[bookmark: _Toc144465100]1.2 Aims and Objectives
The aim of this work is to rank identified coastal archaeological sites in Wales to facilitate further and more targeted management by the local authorities and relevant community groups. The objectives of this work are:

· Review existing literature to identify methods and context.
· Create 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 by adding or removing factors to produce a more accurate and transferable matrix.
· Offer specific advice for the most vulnerable sites and how councils can protect such sites.
[bookmark: _Toc144465101]1.3 Relevance in the Field
This work 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. However, work of this kind has not been completed for the whole of the UK or Wales and offers a gap in academic knowledge. This work is also highlighting a gap in UK and Welsh coastal planning. A matrix of this kind has not been used previously, but correlation coefficients and other forms of ranking have been utilised to various extents when looking at sea level rise and archaeology (Zarley, et al, 2016; SCAPE, 2017). 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 what initially appears to be a simple equation to work out the importance of a site:

[bookmark: _Hlk141435739][bookmark: _Toc144379133]Equation 1 Scottish Coastal Archaeological Sites Equation (SCAPE, 2017)
Archaeological value x Erosion risk = Priority

The group agreed on a standardised methodology to see how many sites had high risks. Their study, which was completed between 2012 and 2016, lowered the previous number of high-risk sites from 3,768 to just 1,115, with 332 sites given priority 1 or 2 (SCAPE, 2017). Priority 1 and 2 are the highest priority for further action (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 objective.

In Northern Ireland, coastal archaeology is documented and protected by the Department of Agriculture, Environment and Rural Affairs (DAERA) (DAERA, 2023). Via this group there has been recent research focusing on submerged archaeology and World War One wrecks. This organisation is much more research based and also part of the Northern Irish Government, which is unlike the other groups as they are mainly volunteers and follow a much less academic approach but look to involve the people. Research outside of the DAERA has also been carried out which compliments the mission of the organisation. Westley, et al. (2018) takes the work of DEARA further and offers an academic setting as well as future projections and protections. This work has a clear methodology and breaks it down into steps and could offer a template for the methodology of this work.

The work which has been completed in England is all undertaken by volunteers and is a database of all coastal heritage and archaeological sites rather than a system to rank and compare importance and risk to the sites (CITiZAN, 2023).

As for Wales, there is a database for the coastal archaeological sites on CoFlein but there is no matrix, ranking or investigation into the vulnerability of these sites; it is a catalogue of the sites to make them easier to find. There have also been two projects which have been centred around Wales which are CHERISH (CHERISH, 2023) and the Project Neptune (National Trust, 2016) but again these projects did not look at vulnerability and protections from natural processes but rather protection from development (Neptune) and research into the impacts of climate change but in singular areas without offering ranking or protections.

This work will address the key by offering 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 (SCAPE, 2017). Furthermore, for other countries, this is going to be an extension of any previous research completed as there has not been this level of work undertaken on UK sites, but it also uses and includes further factors to offer a more rounded view of their vulnerability. It will also look at the most effective ways to manage sites and mitigate the risks that global warming poses to archaeology.






2. [bookmark: _Toc144465102]Literature Review
[bookmark: _Toc144465103]2.1 Climate change
Climate change is at the forefront of many people's minds and is one of the biggest crises facing the human race. With climate change comes many negative effects such as sea level rise, and worsening weather conditions which can have great impacts on the whole planet.

A misconception of the climate crisis is that it is solely brought about by anthropogenic causes (Maslin, 2019). 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 2.

[bookmark: _heading=h.2et92p0][image: ]
[bookmark: _Toc144379151]Figure 2 Hot house and Icehouse Timeline (University of California, 2020)
Anthropogenic actions act as a catalyst for global warming and the climate crisis. This is indicated by the vast changes which have occurred since the beginning of the Industrial Revolution (Maslin, 2019). Figure 2 indicates the global temperature change from 1880 and the start of this period (Wright and Reddy, 2021). As can be seen, the change has been quite steep over the past 120 years and is due to human actions of excavating fossil fuels and burning them, and other interactions with the natural world. Up to the year 2000 the change was almost 1c difference, but the global temperatures are now almost reaching the IPCC’s 1.5c tipping point (McGarth, 2023; IPCC, 2021).
[image: ]
[bookmark: _Toc144379152]Figure 3 Line Chart Showing Temperature Anomalies  Between 1880 and 2000 (Wright and Reddy, 2021)
Climate change has impacted certain areas across the globe more significantly than the UK, but the damage and effects can still be seen in this country.

A vast amount of the difficulties faced due to global warming is because of the melting of the ice caps (WWF, 2023). The side effects of this are not as simple as first thought. Not only is there the 7-to-8-inch sea level rise which is seen globally (WWF, 2023) but there are other impacts which act as a positive feedback loop for climate change. With the loss of ice caps, the temperature of the planet warms quicker. The ice caps act as a freezer for the planet, and due to the albedo effect of their whiteness, reflect heat back into space (WWF, 2023). This could then lead to greater quantities of melting permafrost which releases CO2, methane and other gases that increase global warming, again adding to the positive feedback loop (Denchak, 2018).

One of the most common and easily recognisable side effects of climate change is the shift in weather. There has been a clear rise in temperature, with high temperatures being much more common (The Economist, 2023). With this there are changes to weather patterns, especially extreme weather. Weather events are caused by high- and low-pressure systems which are produced by ascending and descending air (Met Office, 2023c). Warm air rises and cooler air falls; when the warm air ascends it creates a low-pressure system and vice versa (Met Office, 2023c). Low pressure systems, or depressions, account for precipitation and unsettled weather (UCAR, 2023), which again is more commonly seen at present and can lead to extreme weather events (such as hurricanes and flooding), especially after long periods of warm weather due to increased cloud cover which is created by low pressure systems (Met Office, 2023c). High pressure systems are the opposite and reduce cloud coverage, leading to more settled weather (UCAR, 2023).
[bookmark: _Toc144465104]2.2 Extreme weather
Extreme weather events are occurring more often than ever before (McGarth, 2021b). With global warming being the catalyst for this it is no surprise that these weather events are occurring more frequently and also in areas which such events did not occur in the past (National Geographic, 2022).

With sea temperatures rising, the likelihood of hurricane-like events happening around the world and even in the UK is at the highest it has been in human history (Vecchi and Knutson, 2023). Hurricanes form in seas with water which is 26.5 degrees Celsius or higher (National Ocean Service, 2023) and the UK water temperatures are rising (Figure 4).
[image: ]
[bookmark: _Toc144379153]Figure 4 Sea Temperate Chart for the UK (Wihsgott, et.al, 2014)
Some of the temperatures in Figure 4 are almost reaching 20c. Compared to the average UK water surface temperatures in the past, this is significantly higher than the 1990 to 2011 data which can be seen in figure 5.
[image: Map of average sea surface temperature in January 1990–2011 showing the ...]
[bookmark: _Toc144379154]Figure 5 Sea Temperature from 1990 - 2011 (Jansen, et al, 2012)
This means that less of the power from hurricanes from across the Atlantic will be lost (Vecchi and Knutson, 2023). Even though this is a slow process, the world's water temperature is steadily increasing and with the future predictions of climate change the risk of extreme weather conditions is increasing yearly (Bleiker, 2021; Met Office, 2021a; Met Office, 2021b ; Mcgarth, 2021a).

However, climate change is not only worsening the extreme weather events but also weather such as rain. With every degree Fahrenheit increase (about 0.5 c increase), this has led to the wettest days of the year being 3.5% wetter (Jones, 2020). The annual average rainfall in the UK has increased by 10%, compared to the 1961 - 1990 period (Madge, 2021). In some areas of the UK such as Argyll and Bute the increase has been 200mm (Madge, 2021). This increase in rainfall could lead to greater chemical erosion as well as flash floods which have been increasingly prevalent in   the UK in the past few years (Laville, 2022).

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)
[bookmark: _Toc144465105]2.3 Sea level rise
Sea level rise is a very common issue across the globe. The global sea level rise has been between 21 and 24 cm since 1880 (Lindsey, 2022). The rate of increase is also more than doubling, with an increase from 1.4 mm per year throughout most of the 20th century, to 3.6 mm which was seen between 2006 and 2015 (Lindsey, 2022).

Some areas of the globe are more negatively impacted, especially areas which are closer to sea level such as the Maldives or small island states. Rising sea levels have fundamentally impacted small island states and most of these are highly populated coastal or delta zones which have been populated for thousands of years (Bevan, Personal Communications, 2023). With over 80% of the islands being less than one metre above sea level, the risk of flooding and being submerged were and still are high (Voiland, 2022). Structures and measures such as seawalls are having to be constructed in many areas globally due to the risks posed by sea level rise. Male, the capital of the Maldives, has had a seawall built around the island to protect the area as it is the most densely populated region and to try and maintain and protect the island's tourism (Kapoor, 2020). Others have already made plans to move, this is difficult for many of the people which are impacted as they are quite often from less economically developed countries (LEDCs), which highlights the uneven distribution of problems and power (Bevan, Personal Communications, 2023).

Not only does sea level rise impact various areas of the world differently, but it can also have disproportionate impacts within the same country. Sea level rise is uneven across the UK, with a lesser increase in the North and a greater increase 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, 2022b). 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. This could also lead to a differing level or sea level rise across Wales, resulting in the need for targeted management strategies.

In the last thirty years there has been much research undertaken on past trends and the consequences of sea level rise, as it is widely believed that this could be the key to future projections (Douglas, 1997). The most recent scholarship on sea level rise focuses on the current crisis and how flooding is becoming a much more common feature of the world and its effects. Current research output has focussed heavily on other parts of the world, in particular Scandinavia (Jungdal-Olesen, et al., 2023). This is important in context to archaeological sites, as if they are submerged, much of the material culture can be damaged or destroyed unless they are submerged quickly due to the intertidal zone being where most of the energy is released (House, Personal Communications, 2023). These events cause severe destruction and could wash away archaeological sites in a single event, taking large chunks of history with them.
[bookmark: _Toc144465106]2.4 Coastal erosion and safety of areas of importance
Coastal erosion is a much-discussed topic, but its links to areas of importance is a less considered point. Even when coastal erosion is discussed in terms of the damage and threat to areas of importance, the majority of the work focuses on other areas of the world, not particularly the UK. In the Middle East and North African (MENA) region the ‘Maritime Endangered Archaeology inventory’ is utilised to better understand the vulnerabilities of coastal archaeological sites (Westley, et al, 2021). This 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.

Another question which has to be asked of coastal archaeological sites is whether the sites are safer underwater. The Newport ship was excavated but started to degrade above water (Nayling, 2023), 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 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. Desktop 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 rise, which leads to increased erosion in some cases, can also have positive effects on coastal archaeology. Sites such as Seahenge near Holme, were unknown before erosion had acted on the site (Historic England, 2023b). 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, is that they are 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. Another site which experienced a similar discovery was on the Happisburgh coast. Footprints and other cultural material were found at the site dating back 900,000 years (Historic England, 2023a). Without the erosional processes, especially on beaches, there are many sites which would not have been discovered, but with the ever-increasing rate of coastal erosion and other natural processes, the risk to previously discovered or uncovered sites is also worsening.
[bookmark: _Toc144465107]2.5 Existing vulnerability indexes
Vulnerability matrices and indexes are a way to examine the risk of, in this case, coastal archaeological sites and coastlines. With the use of such a tool, it is easier to numerically visualise the risks and also allow sites to be ranked.

With a focus on Mediterranean and American coasts, vulnerability indexes have been completed, but there is a gap in the literature when it comes to the UK (Mattei, et al, 2019; Rodríguez-Rosales, et al, 2021; Pollard-Belsheim, et al, 2014 . Possibly due to the lack of perceived threats in the UK, a study which uses a matrix of vulnerability focusing mainly on natural processes, ordering risks, and offering management and protection strategies has not been a focus.

The vulnerability matrix in this work is a simple format, so offers much easier engagement for the public. Archaeology, heritage, and environmental issues should not be solely for scholars and individuals who work in the areas, but for all. Having community engagement allows for a spread of knowledge and lessens the divide between ‘town and gown’ (Interviewee 3, Personal Communications, 2023) Community archaeology or public archaeology is a relatively new practice setting archaeology into a social, political, and economic context (Richardson and Almansa – Sanchez, 2015). As well as being a disciplinary practice it is also a theoretical standpoint in which archaeology is democratised and can lead to confusion about what the focus of the subject area is, but the main focus should be bringing communities together in conversation (Richardson and Almansa – Sanchez, 2015). Archaeology should also be for everyone as it empowers previously powerless people (Chirikure and Pwiti, 2008).  There have been cases of archaeologists and site managers not wanting to relinquish their own power but sharing that power and history with people, especially locals allow them to feel more engaged with their culture and their pasts (Chirikure and Pwiti, 2008). The public not only have lacking opportunities in archaeology and heritage but also within environmental topics. The best way to get the general public to better understand what is happening to the planet and their personal impacts is to get them involved first hand. Being involved in such opportunities allows for active learning and possibly to a greater understanding (Khatibi, et al, 2021). 

There are various vulnerability indexes used both in the UK and abroad. There are many groups in the UK which have completed vulnerability surveys throughout the nations as well as more academically focused ones. The matrix in this paper gets some basis from Zarley, et al’s (2016) work. They describe an equation used as the ‘matrix’. This is as follows:

[bookmark: _Toc144379134]Equation 2 Zarley, et al Matrix Equation (Zarley, et al, 2016)
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The main focus of this matrix is to create a Cultural Resource Vulnerability Index (CVRI). Even though this is a more complicated matrix, some of the factors included in the equation crossover with the factors used for this work. 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 work, if worded slightly differently.  This offers grounding for using these factors as Zarley, et al (2016) has included them, giving them academic significance in this field. However, in this work, land use near site (LU) is not being considered due to it being an anthropogenic factor, not natural.  Zarley, et al., (2016) offers further importance for elevation due to stating that the IPCC reports a predicted 26 to 82cm global sea level rise by 2100, which could cause many issues and much damage in the future. Even though it highlights that sites which are on a higher elevation would be safer with sea level rise, it does not account for the worsening weather patterns within Wales as this will negatively impact cliffs. Archaeology is not just in danger due to being at sea level but simply in proximity to the sea (House, Personal Communications, 2023). It does not matter if its 500 meters from the coastline it will still retreat the cliff due to increased storminess leading to loss of archaeology on coastal cliff tops (House, Personal Communications, 2023).

Zarley et al’s vulnerability index is a good format for the use needed, as it is part of an academic paper, but it does isolate it from the general public as it is a lot more complex to understand. One positive of this equation is that it is objective and measurable. Due to the chosen factors, they can easily be measured, and the results reproduced. The only factor which is less likely to be perfectly recreated is that of Land Use but with a numerical key this would not be an issue.

As mentioned above, there is a Scottish vulnerability matrix which again is an equation (See below).

Archaeological value x Erosion risk = Priority

The main problem with this equation is that it is more subjective. Archaeological value is different for everyone, and people’s backgrounds and beliefs will influence this.  At surface value this equation does seem easy to understand, but the ability to use and recreate the same results with this may be more difficult than the Zarley, et al example. Furthermore, there is much information not seen in this equation as there were many steps to the group’s methodology:
1. Digitise all CZAS (Coastal Zone Assessment Surveys) data (heritage and coastal erosion data)
2. Standardise records,
3. Assign a value class to each heritage asset,
4. Assign an erosion class to each heritage asset (using site description and GIS analysis)
5. Stakeholder review (verifying value of heritage classes and local erosion threats)
6. Extract and rank sites-at-risk based on the following formula (as seen above)
(Scape, 2017)

Assigning a value class to each heritage asset seems like a good way to rank sites and be able to fit them into such an equation, but this again meanders into the category of subjectivity as certain sites may be seen as more important or of more value than others.

Even with the heightened level of subjectivity, a positive of this matrix is that it is community focused. By working with public volunteers to collect the data and work with the project, it really highlights a sense of community archaeology, and that this information and work process is for all. Being part of such a scheme will allow people to better understand and physically see the threats which are impacting archaeological sites around the UK and the world.

[image: ]Besides the vulnerability matrices completed in relation to coastal archaeology and heritage there have been a few examples where they have been completed on a completely environmental basis. Research completed in India uses a similar process to Zarley et al. (2016) but includes many more factors and comes across as a much more complex matrix. Roy et al (2023) used nine factors to create their matrix and calculate a Coastal Vulnerability index (CVI). The equation can be seen below:[bookmark: _Toc144379135]Equation 3 Roy, et al Matrix Equation (Roy, et al, 2023)




The factors included in this equation are as follows:
· (G) geomorphology
· (SLC) sea level change
· (CS) coastal slope
· (RSLC) relative sea-level change
· (MWH) mean wave height
· (MTR) mean tide range
· (SCR) shoreline change rate
· (LU) land use and human activities (LU)
· (P) population
Roy, et al (2023)

Many of these factor’s crossover with the previous two examples and will also be featured in this work. This offers grounding for the factors used in this paper. Even though this is a slightly different focus, one which is not on coastal archaeology, it still offers a validity to the approach taken in this work. However, it is a lot less accessible for the general public as it is in a format many may not be able to understand, and the calculations may be more alienating.

Due to this work 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.
[bookmark: _Toc144465108]2.6 Projects in Wales
There are currently two projects in Wales which focus on coastal archaeology. These are Project Neptune and CHERISH (Climate, Heritage and Environments of Reefs, Islands, and Headlands). CHERISH is closely parallel to this work as it is the link between climate change and coastal heritage. Heritage is a much wider scope than that of just archaeology, but the sites fall within heritage. Not all heritage is archaeology, but all archaeology is heritage. CHERISH is a six-year European funded project within Ireland and Wales. This project started in 2017 and ended during the writing of this work in June 2023 (CHERISH, 2023). What was a success of this project is the fact that it was multidisciplinary, so it looked at many different aspects of each site and had multiple collaborators offering different views and expertise. The four collaborators were the Royal Commission on the Ancient and Historical Monuments of Wales, the Discovery Programme: Centre for Archaeology and Innovation Ireland, Aberystwyth University: Department of Geography and Earth Sciences and Geological Survey, Ireland. CHERISH, however, only focused on past, present and near future impacts of climate. Granted, predictions and forecasts for the more middle and distant future are less reliable, but there has to be a longer spanning view when it comes to protecting important coastal archaeological and heritage sites, due to their importance and the information that they can offer. Having a project such as CHERISH allowed for sites which might have been otherwise neglected to be researched and explored.

Project Neptune (Also known Neptune Coastline Campaign or Enterprise Neptune) is a much longer running programme which is a subsidiary of the National Trust which was started in 1965 following the Second World War and the spread of urban development in significant rural areas, including adjacent to coastlines throughout the UK (Marks, 2021). The main objective of the Neptune Coastline Campaign was to prevent over urbanisation and development of the shorelines as well as advocating against this type of change to UK coastal land use (Marks, 2021). Being opposed to the changes in coastal land use led to a survey being completed in 1965 by Reading university looking at the land use for the coast of the UK. It has been a successful as a campaign since the ~75% of the Coastline now owned by the National Trust is far less developed than the other quarter which it does not own (Marks, 2021). Even though this is not directly linked to archaeology or climate change, it is still a method of protection for these sites. Being part of the National trust in itself can be beneficial as the organisation can put protections in place in future because they own the land. Since the National Trust has their own funding, if money is needed to protect a site it may be easier to justify than the money from the local council. As the National Trust and the Neptune Campaign focuses on heritage protection, the money would be going towards their mission if used in this way.  This does, however, also have the opposite impact when it comes to working with local councils. If the site is owned by the National Trust, it may not be as easy to put the protections in place due to having to work with further groups and stakeholders. A main issue with Project Neptune and the National Trust is that it focuses on 780 miles of coastline in Wales, Ireland, and England so the scope and focus is much larger than that of CHERISH, so even though they have their own funding the money has a far further reach than just Wales.

[bookmark: _Toc144465109]2.7 Cultural Significance of Sites
[bookmark: _heading=h.81vzqy3oiw43][bookmark: _heading=h.c5wqpl7tgwb7][bookmark: _heading=h.fmuqmpg1rcdf][bookmark: _heading=h.7kuliz7ik91s][bookmark: _heading=h.5b6s88rynd93][bookmark: _heading=h.98ct7ncvif96][bookmark: _heading=h.w1kkvqf4e5ul][bookmark: _heading=h.4sqi1zexxgjo]Cultural significance is one of the most important factors when it comes to an archaeological or heritage site. A main issue however, is being able to put sites in order of importance and whether the site is actually important due to the current cultural significance which has been placed on it by modern people and modern interpretations or whether it was culturally important at the time of creation which to many is deemed less important especially if a site is seen to have little importance to the people of 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).  The funding needed to move the lighthouse was finally agreed to by Congress in 1998 (National Park Services, 2022). Adding cultural significance as a factor allows the research to be much more subjective and moves away from the objective numerical values of the natural processes. Each individual who comes into contact with a site will place a different level of importance on a site and this difference would lead to a greater variance in data if the matrix in this work was to be used across the country. Wherever coasts have been throughout history it has been fundamentally important to human existence, from fishing to agriculture, the coast has shaped out existence (House, Pers Comms, 2023). Even today the majority of megacities are on the coast and allow economic growth, and these sites which have been important throughout human history are important today due to their past importance (House, Personal Communications, 2023).













3. [bookmark: _Toc144465110]Methodology
[bookmark: _Toc144465111]3.1 Design and Implementation 
This study focused solely on the natural processes that are enacted on the site to measure the vulnerability and physical features such as site size, without cultural significance being a factor. 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 replicated. 

This matrix was completed in such a way due to using factors from other studies such as Zarley, et al (2016) and SCAPE (2017) whilst using further factors to give wider objectivity to the work. Furthermore, the above form of matrix was settled for as it is a simple and accessible way to rank archaeological sites which allows for greater public interaction. The matrix is as follows:
[bookmark: _Toc144465112]3.1.1 The Matrix
[bookmark: _Hlk141288942][bookmark: _Toc144379174][bookmark: _Toc144418874][bookmark: _Toc144462914]Table 1 Matrix Table to Investigate the Vulnerability of Coastal Archaeological Sites
	                                   Score

 Factor 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	
	
	
	

	Chemical resistance of Geology
	
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	
	

	Size of site
	
	
	
	
	
	
	
	
	
	

	Distance from coast
	
	
	
	
	
	
	
	
	
	

	Coastal recession rate
	
	
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	

	Annual mean Rainfall
	
	
	
	
	
	
	
	
	
	




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 al, 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 complex method, and the basis of this work 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.

Due to this work being conducted as a desktop survey various channels and associations were used in the data collection. Each of the factors came from different sources to help complete and benefit the survey. For each factor limits were set so the matrix was replicable.

Due to the varying impact of factors, certain ones were ranked in ascending and some in descending. Table 2 indicates which way the factors will be ranked.
[bookmark: _Hlk141288976]
























[bookmark: _Toc144379175][bookmark: _Toc144418875][bookmark: _Toc144462915]Table 2 Table Indicating How the Matrix Factors Will be Ordered.
	Factor
	Factor scale

	Resistance to erosion (Geology)
	The higher the score, the less resistant the geology.

	Chemical resistance of Geology
	The higher the score, the less resistant the geology.

	Elevation
	The higher the elevation the lower the score (This can be seen as problematic, refer to literature review for further discussion).

	Size of site
	The larger the site the higher the rank

	Distance from coast
	The greater the distance from the coast the lower the score

	Coastal recession rate
	The greater the rate the higher the score

	Annual mean wind speed
	Higher annual mean wind speed, higher the score

	Mean Wave Height
	Higher mean wave height, higher the score

	Vulnerability of the Archaeology
	The more vulnerable the archaeology the higher the score

	Flood Risk
	The higher the flood risk, the higher the score

	Annual mean Rainfall
	The higher the rainfall, the higher the score



[bookmark: _Toc144465113]3.1.2 Matrix adaptation
The matrix has already been adapted from the first proposal presentation. Those factors are as follows:
· Chemical resistance of geology
· Distance from coast
· Coastal recession rate
· Wind levels
· Mean wave height
· Vulnerability of the archaeology.
 Factors such as ‘weather’ were removed and broken down into subcategories such as ‘Annual Mean Rainfall’ and ‘hardness’ was changed to ‘resistance to erosion.’ 

Also, during the completion of data collection one of the categories in the matrix ‘Current Protections’ was removed. This was due to the subjectivity of the factor as it would have been difficult to accurately recreate the same result between different people, and it moved away from the focus of natural processes. Granted, the current protections need to be looked at when creating management plans, but this would work more effectively at an individual council level. Furthermore, if this matrix was used by volunteers, they would not have to create the management plans but rather collect the data, such as the volunteers at SCAPE, so again creating a lesser need for current protections to be included.

Originally, there was going to be inclusion of an extra factor in the matrix with both resistance to erosion (Archaeological Material) and vulnerability of the archaeology. As the project developed, the decision was made to combine the factors and use vulnerability of the archaeology alone but encompassing the focus of Resistance to erosion (Archaeological Material). One of the main reasons these were grouped is due to the similarities of the factors.

Some of the initial changes to the matrix were edited after a conversation with Chris House. He helped indicate the need to break down the broader factors into more easily measured factors. The interviewees also looked at the matrix and offered some advice. Interviewee 3 (I3) stated that the matrix itself was completed and needed nothing adding but the one piece of advice which was offered, was to keep the directions of scoring the same throughout the whole matrix. 
[bookmark: _Toc144465114]3.1.2 Factors used in Process
For resistance of the geology, Mohs scale of hardness was used. Mohs scale (Figure 6) indicates the hardness of different materials and what is needed to scratch them (IGS, 2023). The harder the geology, the less risk that is posed to archaeology.
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[bookmark: _Toc144379155]Figure 6 Mohs Hardness Scale (National Parks Service,2023)
The vulnerability index will correspond with the Mohs scale with each category scored out of 10. 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, as seen in Table 3. 
[bookmark: _Toc144379176][bookmark: _Toc144418876][bookmark: _Toc144462916]Table 3 Table showing the scoring for hardness of geology
	Score
	Description

	10
	Talc

	9
	Gypsum

	8
	Calcite

	7
	Fluorite

	6
	Apatite

	5
	Orthoclase

	4
	Quartz

	3
	Topaz

	2
	Corundum

	1
	Diamond



This however does offer a paradox as some materials may be resistant to erosion but may have a lower chemical resistance, hence why the inclusion of chemical resistance was added to the matrix. If this methodology and matrix were used in research undertaken by the general public this category may be harder for those individuals to understand. To make this easier to engage with, the Cambrian Way official website (Cambrian Way, 2023a; 2023b) was used to indicate what the geology of the Welsh coastline consists of. Once the geological material is known the main minerals can be compared against Mohs scale and accurately scored on the matrix.

Chemical resistance is ‘the ability of a substance to endure itself from chemical attack for a specific period of time’ (Ammar, et al, 2019, pp. 11). This factor was scored using the Goldich Stability Series (Columbia University, 2023) will be used (Figure 7). This indicates the comparative resistivity and stability of different minerals which make up rocks.
[image: A group of words on a white background

Description automatically generated]
[bookmark: _Toc144379156]Figure 7 Goldich Stability Series (Columbia University, 2023)
This is quite a complex figure and would alienate the public as many would not be able to understand the system. To make this easier to understand Table 4 puts the series into an easier format.












[bookmark: _Hlk141289005][bookmark: _Toc144379177][bookmark: _Toc144418877][bookmark: _Toc144462917]Table 4 Table Indicating the Order of Chemical Reactivity of Geology
	Score
	Geology

	1
	Quartz rich geology, e.g., sandstone, shale

	2
	Muscovite Mica rich, e.g., Granite, Gneisses, shale

	3
	Potassium Feldspar rich e.g., Granite

	4
	Biotite Mica rich, e.g., Biotite

	5
	Amphibole rich, e.g., Andesites

	6
	Pyroxene rich, e.g., Basalt

	7
	Clay (Calcium rich)

	8
	Chalk (Calcium rich)

	9
	Limestone (Calcium rich)

	10
	Olivine rich, eg., gabbro.



The Meteorological Office (Met Office) was used extensively for the climate and weather focused factors. The page ‘UK Climate Averages’ was useful to identify climatic information for each site (Met Office, 2023a). The factors accounted for here are average annual rainfall and wind speed. The results were compiled from 30 years of data starting in 1991. Even though this is past data not future data, it offers evidence of the conditions that these sites have been through previously and what is currently seen, which helps concentrate on more short-term goals. From testing, to achieve the most accurate results for these factors, the climate station which should be used for each site needs to be the closest from the suggestions listed when the site is searched.  

Annual mean wind speed was ranked according to the Beaufort wind force scale (Met Office, 2023b) as seen in table 5 zero was omitted as no area will have an average of zero. Since the scale is out of 12 not 10 anything that would be in categories 10,11 or 12 were classified as a 10. The average wind speed is in knots as is the Beaufort scale, so it is simple to correlate the two scales. The only issue with this is that the mean on the Beaufort scale is just one number rather than a range as on the wind speed. Due to this, the wind speeds will be sorted as seen in table 5.


[bookmark: _Toc144379178][bookmark: _Toc144418878][bookmark: _Toc144462918]Table 5 Table showing rank for the different wind speeds (Knots)
	Rank
	Wind Speed (Knots)

	10
	52+

	9
	44 – 51

	8
	37 – 43

	7
	30 – 36

	6
	24 – 29

	5
	19 – 23

	4
	13 – 18 

	3
	9 – 11

	2
	5 – 8

	1
	2 – 4




[bookmark: _Toc144379179][bookmark: _Toc144418879][bookmark: _Toc144462919]Table 6 Beaufort Wind Scale (Met Office, 2023b)
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Using the average wind speed on the Beaufort wind scale (Met Office, 2023b), it was possible to calculate the average wave height (table 6). Due to the correlation, both categories fell within the same rank in the matrix. 

Rainfall is more comparative as there is not a direct ranked scale to use. Therefore, a scale was created by using equal intervals which were extrapolated from the average rainfall data, as seen in Table 7:
[bookmark: _Hlk141289035][bookmark: _Toc144379180]
[bookmark: _Toc144418880][bookmark: _Toc144462920]Table 7 Average Mean Rainfall Scoring Table
	Score
	Average Mean Rainfall (mm)

	1
	800 and below

	2
	800 to 850

	3
	851 to 900

	4
	901 to 950

	5
	951 to 1000

	6
	1001 to 1050

	7
	1051 to 1100

	8
	1101 to 1150

	9
	1151 to 1200

	10
	1200 and above









For coastal recession rate, the sites with the same recession were ranked accordingly. Table 8 below indicates how the sites were scored.
[bookmark: _Hlk141289047][bookmark: _Toc144379181][bookmark: _Toc144418881][bookmark: _Toc144462921]Table 8 Short Term and Long-Term Recession Rate Table
	Score
	Recession Short term (ST) (m)
	Recession Long Term (LT) (m)

	1
	Negligible
	3.4 - 6.6

	2
	0.7 - 1.3
	3.4 - 6.6

	3
	0.7 - 1.3
	3.4 - 11.6

	9
	Negligible
	20 – 40

	10
	4 – 8
	20 – 40



4 - 8m ST is scored at 10 as it is the largest predicted recession distance of any part of the Welsh coastline in the future. There are only five scores possible for this variable as the Welsh Government scheme uses the above scales to highlight future coastal recession (NRW, 2023a).

[bookmark: _Hlk141289071]Elevation was scored from a topological map (Topographic map.com). Since most coastlines in Wales are below 200m in elevation the scale will be from <0 to 200+ in increments of 20, as seen below in table 9:
[bookmark: _Toc144379182]














[bookmark: _Toc144418882][bookmark: _Toc144462922]Table 9 Elevation Scoring Table
	Score
	Elevation (m)

	10
	<0 – 20

	9
	21 – 40

	8
	41 – 60

	7
	61 – 80

	6
	81 – 100

	5
	101 – 120

	4
	121 – 140

	3
	141 -160

	2
	161 – 180

	1
	181 - 200+



Distance from coast/ shoreline was calculated similarly to elevation breaking the distances up into categories. Since all the sites are coastal there will not be much of a difference, but some sites will be directly on the beach and shoreline whereas others will be slightly set back. Table 10 shows the breakdown of the distance:

[bookmark: _Hlk141289085][bookmark: _Toc144379183]










[bookmark: _Toc144418883][bookmark: _Toc144462923]Table 10 Distance from Coastline Table
	Score
	Distance (m)

	10
	On the beach with shoreline which extends to site

	9
	On the beach where shoreline does not extend to site

	8
	20 -40 from shoreline

	7
	41 -60 to shoreline

	6
	61 - 80 to shoreline

	5
	81 – 100 to shoreline

	4
	101 - 120 to shoreline

	3
	121 - 140 to shoreline

	2
	141 - 160 to shoreline

	1
	180+ from shoreline



Flood risk will be indicated by the coastal erosion risk map by Natural Resource Wales (NRW, 2023a)  which also indicates the different forms of flooding in Wales. As all the sites are purposely coastal there is a high likelihood all would be on flood plains. However, with some sites having a higher elevation flooding is less of a risk unlike sites which are situated directly on the beach. Flood risk on NRW is split into three categories: High, Medium, and Low as seen in table 11:
[bookmark: _Toc144379184][bookmark: _Toc144418884][bookmark: _Toc144462924]Table 11 Table Showing the Scores for Coastal Recession
	Score 
	Description

	1
	Low

	5
	Medium

	10
	High






Table 12 indicates the scores of what materials could be found on archaeological and heritage sites:
[bookmark: _Hlk141289102][bookmark: _Toc144379185][bookmark: _Toc144418885][bookmark: _Toc144462925]Table 12 Archaeological Finds Score Table
	Score
	Archaeological finds

	1
	Stone Buildings

	2
	Metal Finds

	3
	Buildings of other materials

	4
	Stone Finds, Hand axes, flints, Etc.

	5
	Wooden Finds

	6
	Pottery/ ceramic

	7
	Glass

	8
	Bones/ recently exposed wooden materials

	9
	Leather/ material fibres

	10
	Organic matter



As a rule of thumb, the above order is the average vulnerability of various archaeological materials. This ranking can sometimes be misleading due to states of preservation and other external factors. Also, since most sites have various materials present, the largest quantity will determine for the score. For example, if a site is a mass grave, the ranking would be 8 as bones would take priority. Furthermore, wooden finds will be of differing vulnerability due to their find location of whether it is on shore, in the water or recently exposed.

Size of site does not have a chart or scale to work from so ranges were created from average site sizes. Table 13 indicates these:
[bookmark: _Hlk141289118]







[bookmark: _Toc144379186][bookmark: _Toc144418886][bookmark: _Toc144462926]Table 13 Size of Site Table
	Score
	Size (m2)

	1
	1

	2
	2 – 50

	3
	51 – 100

	4
	101 -150

	5
	151 – 200

	6
	201 – 250

	7
	251 – 300

	8
	301 – 350

	9
	351 – 400

	10
	401+



The total for each site was calculated by adding all the totals together. This can be seen in Appendix 3 This score was ranked for all ten sites. The ranking system was scored using a Likert scale, from lowest to highest with 1 being the site with the least perceived threat and 10 being the most vulnerable. The sites with the highest level of perceived threat were looked at in more detail to identify possible solutions for how these sites will be able to be protected.

The matrix was tested by three people to check if the answers were reliable and repeatable. The results of these tests can be seen in section 5.5. Each test user was sent the full methodology and a blank matrix to complete. Two sites were used in the test, Dinas Dinlle and Pembrey Pill Box. No help was offered to the participants besides a brief conversation about the geology-based factors after they completed the first tests. 





[bookmark: _Toc144465115]3.2 Selected sites
This work was completed via secondary research as it was not manageable to physically travel to multiple archaeological sites around Wales in the time frame given. However, one site, Pembrey Pillbox was visited to verify that the methodology was appropriate or whether amendments were needed.  Furthermore, all sites in Wales were not utilised as there are too many to adequately investigate on a master's level. If more time could be dedicated to this work, it could be completed on a much larger scale. For the selection of Welsh sites multiple different sources and web pages were looked at to choose ten sites to analyse. The ten sites chosen are as follows:

· Pembrey Pill Box
· 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 ten sites formed the basis of this work. By using a matrix to calculate the vulnerability of the sites an order of vulnerability from natural processes and sea level rise was created. From this the sites were used to suggest possible management strategies and to understand which sites are most at risk. The top 20% most at risk sites will have possible management strategies put forward. If the matrix in this work was to be used on a Wales or country wide scale the top 20% could possibly be too wide a bracket as the number of sites would be exponentially larger, and a focus would be needed of where funds were most needed, so a lower percentage may be a more reasonable amount on a greater scale. 
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[bookmark: _Toc144379157]Figure 8 Map of Wales with Chosen Coastal Archaeological Sites Pinpointed (Judd, 2023) Scale 1:124000
Only one site was changed in the process of the dissertation which was a shipwreck called The Mary. This was due to the nature of the site and being able to find little information on it. The Pembrey Pill Box replaced this site as there was more information.
[bookmark: _Toc144465116]3.2.1 Site Designations
Site designation is important when it comes to the chosen sites; sites which have designations also normally have more protections but possibly also more tourism (Historic England, 2023b). If there is a greater level of protection already there, then this could help the archaeology and the coastline become less vulnerable. Furthermore, designations sometimes allow for more money to be injected into the site which would allow for suggested management to be undertaken. The sites chosen fall under various designations. Table 14 states the designation of each site.







[bookmark: _Hlk141289137][bookmark: _Toc144379187][bookmark: _Toc144418887][bookmark: _Toc144462927]Table 14 Site Designations
	Site
	Designation

	Pembrey Pill Box
	No known designation

	The hulks
	Scheduled Ancient Monument in 2012, national Nature Reserve (Dyfed Archaeology, 2014)

	Whitesands Bay beach
	Multiple environmental designations such as SSSI and blue flag beach. Not to do with the archaeology itself. (Blue Flag, 2023; Pembrokeshire Coast National Park, 2015)

	Dinas Dinlle coastal fort
	National trust site. SSSI (RCAHMW, 2022)

	Porth-y-Rhaw Coastal Promontory Fort
	Scheduled monument (National Trust, 2023a)

	The Great Orme promontory
	Owned by National Trust under Project Neptune. No know designation otherwise (Milmo, 2015)

	Small mediaeval settlement
	Situated in a National Park. No known designation for the site.

	Petrified forest
	No known designation

	Castell Bach
	Designated as a Scheduled ancient Monument in 1951 (Cadw, 2023)

	Ramsey Island
	National nature reserve. Not designated for the archaeology and heritage (Protected Planet, 2023)



After the completion of the data collection and the matrix for each site, the sites were ranked by level of risk. The most vulnerable sites were examined in greater depth in order that possible management plans could be put forward to help maintain these sites and understand where greater funding may be needed. Some of the management plans listed may not be viable if applied to the real world due to tight council budgets and other issues which are more pressing within communities.



[bookmark: _Toc144465117]3.3 Data Collection
[bookmark: _Toc144465118]3.3.1 Professional Interviews
Professional interviews were held to obtain feedback and ideas from individuals who are working in the field relating to this work. Each person was asked a series of questions which were aimed at their specialism, resulting in no standardised questions. Asking each individual questions specific to their field allowed for a greater range of information and knowledge, whilst offering further academic and professional grounding for this work. Their answers have been used throughout the work as needed and where appropriate. It is assumed the individuals have answered truthfully so this data set can be seen as reliable. Section 4.3 is a capture of their responses.
[bookmark: _Toc144465119]3.3.2 Public Questionnaire 
A public questionnaire was also conducted. The questionnaires were created via Google forms and was then completed by members of the public. The questions were standardised for all who completed it. The questions focused on public knowledge and their engagement in the themes of this work. This allowed for a clearer picture on how the public feel about the topics and will evidence claims through this work. With one of the focuses of this work being public engagement, this questionnaire is relevant; it allows the work to include the public’s thoughts and feelings and not just those of the author or professionals who work in the various fields. A blank questionnaire form can be seen in Appendix 4. No pilot study was carried out as it is a questionnaire of opinion and specific questions were asked to try to better understand the publics view on coastal archaeology. Again, it is assumed the responses were truthful, so reliable but may not indicate a community perspective due to the small sample size. To better illustrate the responses the charts and tables generated by google forms will be included (figures 9 – 14, figure 15 was created by the author from the data from the questionnaire).














4. [bookmark: _Toc144465120]Results:
Table 15 shows the totals for each site, with total scores calculated from the matrix shown in appendix 3. The sites were ranked numerically with the highest score being the most vulnerable. A traffic light system has been used to clearly indicate the vulnerability of the different sites: 
· Red – most vulnerable, 
· orange – middling vulnerability, 
· Green – least vulnerable. 

[bookmark: _Hlk141289149][bookmark: _Toc144379188][bookmark: _Toc144418888][bookmark: _Toc144462928]Table 15 Results Table for Scores From Complete Matrices
	Site:
	Total:
	Rank

	Petrified forest – Borth
	73
	10

	Whitesands Bay beach
	68
	=9

	The hulks in the intertidal area at Ynyslas National Nature Reserve
	64
	=9

	Ramsey Island
	56
	7

	Porth-y-Rhaw Coastal Promontory Fort
	52
	6

	Small mediaeval settlement in the Newborough Warren area
	47
	5

	Dinas Dinlle coastal fort
	44
	4

	Castell Bach – Ceredigion
	41
	3

	Pembrey Pill Box
	40
	2

	The Great Orme promontory, overlooking Llandudno
	33
	1



By having the ability to rank the sites it is clear to see which sites are more vulnerable and possibly where the biggest environmental issues lie within coastal archaeology. This work is only a small portion of the sites around Wales but due to the full breakdown of each factor the matrix should be replicable; able to be used on any coastal archaeological site. 



[bookmark: _Toc144465121]4.1 Site Vulnerability
Dinas Dinlle Fort has one of the lowest scores of all sites, being in the bottom 40%. However, this result is false as there was no data of wind strength from the climate station which then led to a lack of data for wave height as they were calculated from each other. With two factors being not applicable it has a knock-on effect on the overall score. This missing data was also seen with the Hulks, the Great Orme Promontory, and Borth Petrified forest. What is unusual is that even without this data the Borth petrified forest is the most vulnerable and the Hulks is third for vulnerability. These sites are already very vulnerable even with the missing scores, so this indicates quite how dire the situation of these sites is. 

As for the Great Orme Promontory it is the lowest by a substantial amount and the impact of the missing factors cannot be identified. This could be seen as unusual as on first glance this site seems more vulnerable that others due to its situation. 

In this work the waves did not, on average, become very high with the highest average sitting at about 1.5m. This height obviously does not account for storm events as it is an average so wave could reach higher than 1.5m in certain conditions as seen by Storm Eunice where the whole of the Welsh coast was at severe risk of flooding (Met Office, 2022a).

Pembrey Pillbox was visited in person to see whether the application of the matrix in person impacted the scores. On the visit it was made clear that the factors which were not collected from data bases were not impacted because Google maps and other applications used did offer an accurate representation of the site. However, most of the factors were factors which could not be studied in the field, so site visits are not as useful as they are for other studies. Much of the data is the averages from across years of data collection so site visits can only really offer a snapshot of the data needed and allow a clearer image of the site and its interaction with its surroundings.

Due to the rankings of each site being extrapolated from a new matrix, the vulnerability is more perceived threat rather than being concrete. Due to no similar projects happening in Wales there is no other Welsh matrix to test the matrix in this work against to try to better understand the viability of this matrix. The fact this work is focused on the ‘only’ ranking of these sites it does pose the question of accuracy and usefulness. There is nothing more formal which encompasses multiple factors and looking at overall vulnerability of coastal archaeological sites. However, all of the factors which were included in the matrix were collected from scientific data bases and the inclusion of such topics have academic grounding as can be seen from the literature review. So, this matrix was created from multiple academic and reliable sources spanning 100 years of human knowledge. Furthermore, if all sites are scored correctly following the increments of the matrix all sites will be scored correctly against each other. 



2

4.2 Interview results
[bookmark: _Toc144462929]Table 16 Table of interview results
	
	Topic 1
	Topic 2 
	Topic 3

	Chris House (CH)
	Geology
	Coastal Protections
	Impact of sea level rise

	
	CH explained how hard and soft geology will be impacted in the future. For hard geology areas such as St. David’s Head it will survive chemical weathering for many years but softer geologies such as the Jurassic coast, this will be more negatively impacted by increased storminess and the sea level rise itself.

	In the interview it was clear that there was a lack of priority given to coastal sites and their protection. It was stated that the methods to protect the coast in Wales are short sighted and health and economy are given greater priority. What was seen to be surprising however was that tourism is such a large industry in Wales yet the benefits that coastal defences could bring to tourism are not utilised due to the cost being too big with other focuses taking large portions of the countries funding, such as the war in Ukraine and the NHS.

	CH stated that in the next 100 years all low-lying land will be lost to the sea. Sea level rise will be the biggest impact on our coastal area which will come with an increased storminess people forget about. It was also stated that the issue with Welsh archaeology is not at sea level but proximity to the sea. Multiple factors will impact the coasts but not all natural. The increase in tidal power will inevitably have an impact on the coastlines as well as building and other infrastructure. Coastal infrastructure is even more of a damaging force since Covid as there is now a greater want for coastal locations due to people realising that working from home is now more of an option so jobs could be completed from places such as Borth, which could have a great impact on the coast itself but also the Archaeology which is present also.


	Andy Bevan
	Unequal impacts of sea level rise
	Importance of cultural heritage protection
	Impacts of sea level rise

	
	Even though Wales is not a massive country it was pointed out the impacts are different even within Wales alone. This disproportionate impact could be dealt with by the matrix in this work as it would highlight these disproportionate impacts and clearly indicate where the greatest vulnerabilities lie.

	The need to protect cultural heritage, especially coastal cultural heritage, was seen as important. It was stated that this needs to be especially seen in western civilisations as there seems to be a lack of understanding in the importance of such history. The Petroglyphs in St. Vincent’s and the Grenadines was one such archaeological and heritage site which was mentioned in the interview. It was stated that these sites in small island nations and countries abroad have much more cultural significance and much work is being put into them to understand them better. The Portalis Project is currently underway in Wales and Ireland to better understand the links between the countries in the past, but this is one of the few projects which is being undertaken. Moreover, many people are not aware of this project unlike others in St. Vincent’s and wider nations.

	Sea level rise fundamentally impacting the world was seen as a big issue as he stated that most of the worst impacted areas are areas which have been heavily populated for centuries such as deltas and the coastline as it has historically and presently offered the materials of life. With these areas being the worst hit, people's livelihoods and homes are being destroyed as well as their heritage and history. Whole populations have planned moves which will cause bigger issues with internal migration and loss and habitable land mass.


	Interviewee 3
	Community archaeology and public involvement
	Lack of coastal protections
	Link between coastal archaeology and sea level rise

	

	Interviewee 3 (I3) offered information about the links between the coastal environment, archaeology, and heritage but also the importance of having the community involved. I3 stated that community archaeology is very important as it allows for people to have a greater knowledge and investment into their local history but also important for the wider world of academia as it could unveil something that is unique.

	Furthermore, the lack of protections were discussed with I3 as they believe there needs to be more protections in place but due to the nature of the coast it is difficult to effectively protect the sites and that they struggle to think of what protections they could put in place that have not already been tried. 

	I3 also stated that they believed that there was not enough emphasis on the link between coastal processes and archaeology. They think that some people forget about the rapid fluctuations which occur along the coastline which in turn can make these sites difficult or impossible to excavate leading to a loss of knowledge.





[bookmark: _Toc144465122]4.3 Questionnaire results
The questionnaire results offered a view into the public’s ideas on the topics in this work. The following graphs and figures show the results from the questionnaire. 
[image: Forms response chart. Question title: Do you feel there is enough public opportunities in archaeology, heritage and environmental issues?. Number of responses: 12 responses.]
[bookmark: _Toc144379158]Figure 9 Question 1
For question 1 individuals offered further information on why they chose their placement on the Likert scale. Six individuals (50%) stated that they do not know of any opportunities in these areas and that there is no advertising for them. A few of the individuals answered with the fact that these areas are incredibly important to our pasts and to help with the future but there is not enough engagement or funding so need this to be corrected. One answer did discuss university, stating that they believe that this is easily accessible. 
[image: Forms response chart. Question title: Are you aware of your local or UK coastal archaeology?. Number of responses: 12 responses.]
[bookmark: _Toc144379159]Figure 10 Question 2


[image: Forms response chart. Question title: Would you be interested in finding out more about these sites?. Number of responses: 12 responses.]
[bookmark: _Toc144379160]Figure 11 Question 3
[image: Forms response chart. Question title: Do you feel that coastal archaeological and heritage sites are important?. Number of responses: 12 responses.]
[bookmark: _Toc144379161]Figure 12 Question 4
Question four again has extra information about why the people who completed the questionnaire answered the way they did. Answers ranged from as simple as ‘I’m not sure’ to ‘I love the coast’ to more in-depth and lengthy explanations which can be seen in full in appendix 5 As most people answered yes, their explanations were mainly along the lines of the fact that these sites indicate what life would have been like in the past as well as informing the countries present societal identity. 
[image: Forms response chart. Question title: Do you feel that there is enough protections of coastal archaeological sites?. Number of responses: 12 responses.]
[bookmark: _Toc144379162]Figure 13 Question 5
As for question 6 the individuals were asked to give short answers about whether they would support more funding going to coastal archaeological and heritage sites if they were more informed about the sites. There was a range of answers:
· Four individuals stated ‘Yes,’
· Three individuals stated, ‘Not sure’, ‘Maybe’  and ‘Probably,’
· One stated ‘No Idea’
The rest of the answers are longer but two answered with similar answers about the fact that more funding is needed which could help the public be more aware. One stated that if the funding made positive impacts, they would support it. The final individual gave much detail about not knowing how much funding is put into coastal archaeological and heritage sites but if they deemed it to be insufficient, they would support an increase in funding. Full responses can be seen in Appendix 5.
[image: Forms response chart. Question title: Would you get involved with a project to protect these sites?. Number of responses: 12 responses.]
[bookmark: _Toc144379163]Figure 14 Question 7


[bookmark: _Toc144379164]Figure 15 Question 8
Finally, the individuals were shown the four matrices which are in this work and a pie chart has been made from the choices they have made. 92% of individuals chose Matrix C which is the matrix created for this work with 8% (one person) choosing D which was the SCAPE Matrix. Due to the formatting of the question, it allowed people to pick more than one answer so two of the individuals picked both C and D. 

[bookmark: _Toc144465123]4.4 Test User responses
Tables 17 – 22 below show the data from the test users who completed the matrix for Dinas Dinlle and Pembrey Pill box. 
















[bookmark: _Toc144418891][bookmark: _Toc144462930] Table 17 Dinas Dinlle coastal fort test user one
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	
	
	
	

	Chemical resistance of Geology
	
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	
	

	Size of site
	
	
	
	
	
	
	
	
	
	

	Distance from coast
	
	
	
	
	
	
	
	
	
	

	Coastal recession rate
	
	
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	
	
	



Yellow indicates what the test user selected for each factor.




[bookmark: _Toc144418892][bookmark: _Toc144462931]Table 18 Dinas Dinlle coastal fort test user two
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	X
	
	
	

	Chemical resistance of Geology
	
	
	
	
	
	
	X
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	x
	

	Size of site
	
	
	
	
	
	X
	
	
	
	

	Distance from coast
	
	
	
	
	X
	
	
	
	
	

	Coastal recession rate
	X
	
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	X
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	
	
	X



X indicates what the test user selected for each factor.






[bookmark: _Toc144418893][bookmark: _Toc144462932]Table 19 Dinas Dinlle coastal fort test user three
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	
	[image: Checkmark with solid fill]
	
	

	Chemical resistance of Geology
	
	
	
	
	
	
	
	[image: Checkmark with solid fill]
	
	

	Elevation
	
	
	
	
	
	
	
	
	[image: Checkmark with solid fill]
	

	Size of site
	
	
	
	
	
	[image: Checkmark with solid fill]
	
	
	
	

	Distance from coast
	
	
	
	
	[image: Checkmark with solid fill]
	
	
	
	
	

	Coastal recession rate
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	[image: Checkmark with solid fill]
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	[image: Checkmark with solid fill]
	
	



Ticks indicate what the test user selected for each factor. 

[bookmark: _Toc144418894][bookmark: _Toc144462933]Table 20 Pembrey Pill Box test user one
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	
	
	
	

	Chemical resistance of Geology
	
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	
	

	Size of site
	
	
	
	
	
	
	
	
	
	

	Distance from coast
	
	
	
	
	
	
	
	
	
	

	Coastal recession rate
	
	
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	
	
	









[bookmark: _Toc144418895][bookmark: _Toc144462934]Table 21 Pembrey Pill Box test user two
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	X
	
	
	
	
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	x
	

	Size of site
	
	X
	
	
	
	
	
	
	
	

	Distance from coast
	X
	
	
	
	
	
	
	
	
	

	Coastal recession rate
	
	X
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	X
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	X
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	X

	Rainfall
	
	
	X
	
	
	
	
	
	
	








[bookmark: _Toc144418896][bookmark: _Toc144462935]Table 22 Pembrey Pill Box test user three
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	

	Chemical resistance of Geology
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	[image: Checkmark with solid fill]
	

	Size of site
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	
	

	Distance from coast
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	
	
	

	Coastal recession rate
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	

	Vulnerability of the Archaeology
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	[image: Checkmark with solid fill]

	Rainfall
	
	
	[image: Checkmark with solid fill]
	
	
	
	
	
	
	





[bookmark: _Toc144465124]4.5 Evidence of current management strategies
As of present, Wales has a Shoreline Management Plan in place which looks at the protections and actions needed to preserve and protect the Welsh coastline from 2005 till 2105 (Natural Resource Wales, 2023). The plan is split into three phases as can be seen in the table 16:

[bookmark: _Toc144379189][bookmark: _Toc144418889][bookmark: _Toc144462936]Table 23 Table Showing Time Periods for the Shoreline Management Plan (Natural Resource Wales, 2023) 
	Short term
	2005 – 2025

	Medium term
	2023 – 2055

	Long term
	2055 – 2105



These time periods all state what actions will be undertaken in each phase of the management plan. These range from no action to managed realignment and beyond. An issue that this causes is that some parts of the Welsh coastline have no management until the long-term phase of the plan. This is mainly due to the estimated coastal recession of sites. With this plan, a clear issue is the changing natural environment and the climate crisis. For the first time the world is likely to hit the 1.5co tipping point (Mcgarth, 2023) which the globe has been trying to avoid. With ever changing weather patterns and extreme weather events becoming commonplace in the UK, the previously projected coastal recession may not be as accurate as once thought. As stated by Rivera-Collazo (2019) GIS and tabletop surveys and projections can only be so accurate. They cannot account for weather events outside of the main trend accurately. Furthermore, with most of the projections happening in 2005 to 2010 (UK Government, 2022), could lead to mass sections of the Welsh coastline being lost. In terms of this survey that could have even worse effects for the archaeology which is so prominent and abundant around the Welsh coastline. Areas with incredibly important archaeology as seen by some of the sites above could be lost to the sea forever taking their knowledge and information about the past with them. This is seen in many sites around the country such as Dunwich in England (Reid, 2009). Even though it is not known what data was used for the Shoreline management plan, it is likely they will not be accurate as the level and quality of knowledge, research and technology has exponentially increased over the past two decades. Current projections for future weather predictions paint a far worse future than those of the past. With this possibly not accounted for, it could lead to the current management options being outdated and not effective for the true shoreline of the future.


[bookmark: _Toc144465125]5. Analysis of Results: 
[bookmark: _Toc144465126]5.1 Matrix analysis
The matrix results indicate a clear rank for the included sites. Having this rank allows for the most vulnerable sites to be identified and have priority management. This data provides a greater knowledge on the vulnerability to local councils, which would allow for more targeted responses. This could also benefit revenue as some sites could be tourist attractions (Coast Radar, 2023). 

Site predictions would be too subjective, so few expectations of the data were made before the data was collected. As seen in Table 1 the only site which could possibly be seen as unexpected is that of the Great Orme Promontory. Due to the nature of this data, anomalies are not commonplace or at least as easy to be seen, especially from the size of this data set.   

As with all data there has to be a scope for error. As there is no matrix used in Wales for a similar purpose, and other previous matrices being different, there is little to compare the results of this work to. It should be expected for data to have slight errors in when something is completed for the first time. However, with the data for these sites mainly being from data bases and certified locations, the data itself should only hold errors which are seen within professional data sets as discussed in section 7 . The other data which is not taken directly from a database such as the Met Office, is easily replicable such as size of site where google maps and GIS tools can be used to accurately measure sites. So, the ability to generate the same score for each site by different individuals, shows that the matrix and the data it produces is reliable.

[bookmark: _Toc144465127]5.1.2 Efficiency of the matrix 
Despite the risk of scope for error, this matrix minimises this as it allows some level of ranking to be completed in Wales, and possibly further afield. As stated by Westley, et al. (2021), 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. The same could be said to be apparent with the matrices. If researchers wait for a perfect matrix, then the sites may have already been destroyed. Even though majority was collected from online sources, there was a complete data set which should be entirely replicable. Therefore, the matrix is efficient because it was created to have the public in mind and can be completed quickly and accurately by the data collector. 

Usability is also a key part of any matrix or scientific measuring tool. Due to how the matrix is set out and that the matrix was created with usability and public engagement in mind, the matrix is highly usable. As it has been stated throughout this work, the simplicity of the matrix allows the public to get involved and have a widespread usability. Even though the methodology is long this is only due to having eleven factors and each having a clear, in-depth explanation of how to score each factor. 

As for future work, and the matrix being used nationally by public volunteers, the option of whether or not the individuals physically go to the sites would be at their own discretion. As stated previously most of the factors have to be completed via a desktop survey due to the nature of the factors and  data from sites which have collected averages over thirty years. However, other factors such as size of site could be done in the field if the participants preferred to do so. There would have to be further risk assessments and often permission, but this could be put in place if required. 
[bookmark: _Toc144465128]5.2 Interview Analysis
In the interview with CH, it was interesting that the link between archaeology and the environment was said to not have enough importance placed on it. There are incredible archaeological sites all around the coast of Wales and the UK such as Skara Brea, which are internationally important, but the protections are not present and the risks to these sites are not fully considered. If it was simply rapid sea level rise these sites would most likely survive as this is seen throughout the Mediterranean where there are beautiful archaeological sites which are fully submerged, but it is the other coastal processes and the intertidal zone which causes these sites most damage as that is where most of the energy is. 

There were a few overlapping points between the three interviewees as can be seen above. The reoccurrence of certain points cements their importance within this area of study. Also, if there are issues which are seen by multiple people then it highlights an area for improvement. The fundamental impact that sea level rise is having on the world was a reoccurring feature as well as the lack of community engagement and protections for these sites. Even without the questions being the same for each participant the information was being seen through multiple answers across the interviews. There were no points of disagreement between the answers, so indicates a united front, but if all interviewees were asked uniformed questions more disagreements or differences could be seen. 
[bookmark: _Toc144465129]5.3 Questionnaire analysis
With 92% of the answers for question one being four or below on the Likert scale it makes it clear that the individuals who answered this questionnaire do not feel that there are adequate opportunities in archaeology, heritage, and the environment. From their comments it does seem that many of them believe there is a strong lack of opportunities for public in these areas and there is no unity when it comes to these opportunities. Not only this but money is also mentioned. Summer schools and the like are expensive and do not lend themselves to the participation of the general public. The Strata Florida Archaeology Field School is £1980 for four weeks without accommodation or £2600 as a residential student (Strata Florida, 2023). This cost is largely inaccessible for the public so more free or cheap experiences need to be provided to fully make archaeology and environmental studies not just a subject for the educated. Furthermore, the mention of easily accessible university courses is a good thing but the fact that many archaeological courses are at risk due to the government’s plans to remove the courses or cut funding means even less people can officially be involved in the areas. Arguably archaeology and the environment are niche areas and there is an associated cost even for volunteers. 

Questions two and three indicate a lack of awareness of people’s local archaeological coastal sites but even country wide ones which may be much more well known. If this no fault of the participants as there is little written about and presented publicly about these sites. What is a positive is that 75% of the people did state that they would be interested in finding out more about these sites, which indicates there is a willingness to learn and be involved if the opportunities were presented.

Question 4 shows that the public see the important of coastal archaeological sites. Only one person answered with ‘maybe.’ This indicates that even those without degrees in this field and without a great knowledge they still feel that these sites are of importance and can have great influence on current people and the future. There were a few links made to the environment and climate change so there is an understanding of the link between climate change and the coastal archaeology from the participants. 

In question 5, when it comes to protections for the coastal archaeological sites no one answered yes to there being enough. Granted there were 50% of people who answered maybe but no one could confidently answer yes. This would seem that there is a lack of protection for these sites that even the public can see. The fact that most of the individuals would also support increased council funding, as seen in question 6 for these sites is a positive as this could help persuade the councils to redirect some of their funding. This would be difficult as the public have little sway with where funding goes but if there was enough support it could lead to changes in the future. 

Question 6 shows that people willing to be involved with projects to protect these sites has a lower percentage of ‘yes’ with 33%. The ‘yes’ answers were also given without detail of specific projects. With 50% stating ‘maybe,’ this could be due to lack of information of specific projects and with further details the individuals may change their answer from ‘maybe’ to ‘yes’. Only two people stated that they would not get involved. Potentially, if this was a true view of the public (which is unlikely due to small sample size) then at least 1/3 of the population would be happy to be involved. This would be around one million people (ONS, 2022), in Wales alone, who would want to be involved with archaeological, heritage and environmental projects. This highlights how important work like this is. Making a matrix to rank the sites of Wales, which is accessible to the public, makes the individuals feel like they have greater involvement with their own heritage and local archaeology. 

Question 8 shows that 92% of the individuals who answered the questionnaire selected the matrix in this work as the preferred option if they were to record sites. This indicates that from a public view, this is the most user friendly of the selection. Allowing the public to be involved and understand what is happening is a good way to get people more interested and feel less isolated about their surroundings. McManamon (1991) stated that there was a recognition that the public should be more involved and more educated in archaeology, but the subject does not seem to have yet made that leap, even thirty years on. In countries such as Norway, North and South America engagement with the public seems to be more at the forefront of archaeology (Karlsen, et al, 2023; Murano, 2023; Clyne – Lehmann, 2023) whereas the UK seems to be lagging behind. This is further indicated by the questionnaire answers in which 92% of people agreed there are not enough opportunities in archaeology, heritage, and the environment. 
[bookmark: _Toc144465130]5.5 Matrix test users
The matrix was completed by three individuals who had no link to the matrix or piece of work. Initially some of the answers varied to those in the matrix, especially with the Dinas Dinlle scores. After working through the differences and realising that all of the significant ones were coming from wind, waves and rainfall, it was deduced that the issue must be from the Met Office website where this data was collected (this issue is discussed in section 7.4). Once the issue was discovered, a further clarification was added to the methodology. The data in the matrix for Dinas Dinlle (Appendix 3) has been changed since the error was found. The original rainfall data was on 8 not 10 so was the same as test user 3. After the correct climate station’s data was utilised, the scores aligned well. There were a few instances of elevation being scored the opposite way as the participants misunderstood the way this factor was scored on the matrix, but the score was the same on the opposite side of the scale. The biggest issues were seen within the geology questions. The participants had no previous geological knowledge so this subject was completely new to them and there was some confusion about how to rank this factor. It was expected to the be the most confusing factor for the public, but with a brief tutorial, peoples understanding of the factor could improve. A short outline helped the volunteers who were then able to score the geological factors. 


[bookmark: _Toc144465131]6.Possible Future Management
[bookmark: _Toc144465132]6.1 Introduction to section 
The matrix in this work is aimed to support management and create a ranking system to highlight sites which have a higher vulnerability. With any future or suggested management for these sites, there needs to be great consideration of the natural environment and the impact which coastal defences can cause. A selection of sites in each category were analysed to indicate possible management for the varying vulnerabilities.  

Hard engineering such as groynes and sea walls have the greatest impact on nature not only from the acquisition of the material but also the use of the protection itself (Esteves, 2014). Hard engineering is often expensive and only effective in the short term (Cooper and McKenna, 2008).

Soft engineering is a much more environmentally benign method as it uses the natural landscape and works with how the natural processed of the  locations (Masria, et al, 2015). Beach and dune replacement are just two examples of soft engineering. Even though it is using natural materials it can still be expensive and often needs to be managed and maintained regularly to keep the sites being protected effectively, this can be seen by table 18 (Basco, 1999).

[bookmark: _Toc144379191][bookmark: _Toc144418897][bookmark: _Toc144462937]Table 24 Table showing the comparative costs of hard and soft engineering (Millions) (Basco, 1999)
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As stated above there is some management of the Welsh coast, but less is directly focused on the heritage. Due to this, any future management has to consider the impacts of the current management when proposing new management in the areas. New management could also be impacted by wider issues and processes. Issues of land use, which fall outside of this works remit, could further impact the management plans and sites as different activities have varying levels of impact (Nature Geosciences, 2021). Direction of fetch is one such factor which could lead to differing erosional speeds (BBC Bitesize, 2023). A long fetch causes the most damaging waves especially when paired with powerful winds (BBC Bitesize, 2023). 

What needs to be considered when looking at management strategies includes: 
· Protection of the cliffs due to the geology 
· Safeguarding of people's livelihoods, houses, and habitats. 
· Archaeological sites would be safer by proxy. 
If the management put in place also has wider positive impacts, it may be seen more favourably with the local community and councils. With rising sea levels and worsening weather conditions, many homes and much land are and will be lost to the sea (Roberts, 2022). With an ever-growing population this land is needed more than ever so those who do live in the impacted areas are not displaced, resulting in inward movement (Government Office for Science, 2017).

[image: Oyster Reef Breakwater]
[bookmark: _Toc144376130][bookmark: _Toc144379165]Figure 16 Concrete Breakwater (Audubon Florida, 2023)
Ecological engineering is a newer concept when it comes to coastal defences. This method integrates the needs of the ecology and biodiversity whilst still creating a defence which benefits the needs of people (Firth et al., 2013). As seen in Ijmuiden, Netherlands, by placing breakwaters with grooves and pits (Figure 16), it allowed for a greater biodiversity and created more habitats (Firth et al., 2013). This can also be seen as a negative as adding hard substrate into an area where there was quite possibly none, could allow species which do not usually colonise the area to do so. Furthermore, allowing for small creatures to be able to burrow and use the newly created natural defences could promote greater numbers of specific species as they would have a larger habitat to reside in.

Table 19 below indicates the positives and negatives of the different forms of coastal protections. Both hard and soft are included as some sites cannot be protected by soft engineering alone. Furthermore, it allows for a more balanced discussion. The sites are colour coded in the same way as the traffic light system shown in the matrix results. 
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[bookmark: _Hlk141289177][bookmark: _Toc144465133]6.2 Possible Management Strategies
[bookmark: _Toc144379192][bookmark: _Toc144418898][bookmark: _Toc144462938]Table 25 Table Showing the Positives and Negatives of Various Coastal Protection Methods
	Name
	Hard or soft engineering
	Positives
	Negatives
	Where would this be effective?
	Justification

	Sea Wall
	Hard
	Do not impede the movement of sediment by longshore drift.
Tend to have a long-life span and be effective against strong wave energy. Double as a promenade?
(Internet Geography, 2023b)
	Can cause coastal flooding when waves break over the sea wall.
Sea walls can be expensive to make and maintain (£30 million pounds to create a new sea wall in Devon in 2014).
Recurved sea walls can lead to greater erosion of beach material.
Cause destruction of habitats in quarrying materials, building and placement.
Reduce input of sediment.
(Internet Geography, 2023b)
	 
	

	Sand Dune building and regeneration
	Soft
	Planting vegetation creates a natural defence against wave impact.
Using natural material.
(Civil’s Guide,  2020)
Prevent coastal retreat.
Can increase biodiversity via a greater range of natural habitats.
(Internet Geography, 2023a)
	Sites need to be set back from the water line to allow enough space to build.
Need replenishment semi-regularly.
(Daniel, 2001)
Could include non-native species, which could lead to competition.
(Internet Geography, 2023a)
Sites can also be over stabilised (UK Centre for Ecology & Hydrology, 2023)
Sand behind the newly formed dunes will not be able to replenish naturally and could lead to greater erosion rather than preservation of the site (UK Government, 2021).
The beach could lower in front of the dunes (Toe scour) (UK Government, 2021). 
	Whitesands Bay Beach
(Could have temporary management just for the archaeological dig).
Borth Petrified forest
The Hulks
 


Pembrey Pill Box







Small mediaeval settlement
	This would break the waves before they reached the sites and lessen the damage which could be done. There are environmental impacts that partner with this due to moving dune lines forward and making the water break lower down the beaches. 



It is off of the shoreline and ever so slightly elevated allowing for management strategies to be put in place in front of the structure without it bisecting the shore.

The Newborough Warren area is a nature reserve consisting of many natural dunes so it would keep the natural aesthetics of the area whilst also protecting the site.

	Backshore Nourishment
	Soft
	Minimal ecological and physical damage.
Lower mortality of burrowed animals.
(Spreybroek, et al, 2006)
Uses natural material.
Cheap to create and maintain.
	Less space for nesting birds.
Few studies indicate impacts on other species such as vascular plants.
(Spreybroek, et al, 2006)
Offshore dredging of sand can damage the marine ecosystems and cause erosion in other areas.
	 Dinas Dinlle
	Situated on a slight rise but had a compact sand beach below with no sand dunes so this method could maintain site and protect the cliff. Could be paired with other methods, such as gabions.

	Groynes
	Hard
	Groynes in water create beaches.
Reduce beach erosion (Intercepting longshore drift).
Aid beach replenishment.
(HPD Construction, 2021)
	Can trap migrating shore fish.
Can increase algae growth.
Can cause a loss of beach due to shadowing.
Some are made from concrete.
(HPD Construction, 2021)
	 
	

	Revetments
	Hard
	Prevent soil erosion by acting as a barrier.
Help with structural stability of cliffs, etc.
Create a larger natural area for wildlife.
Protects from flooding when storm surges occur.
Rock or stone revetments have a longer life span and are more environmentally friendly than other forms of revetments.
Gabion revetments do not need any maintenance and act as a habitat for birds and fish.
Do not restrict the flow of water as much as other protections so are better for the environment.
Can used recycled materials.
(HPD Construction, 2021a)
	Time consuming maintenance is not gabion revetments.
Upkeep can be expensive.
Restricts sediment movement.
Difficult to construct.
Can be an eyesore.
(HPD Construction, 2021a)
 
	The Great Orme promontory
Castell Bach Iron Age Fort

Porth-y-Rhaw Coastal Promontory Fort
	The site is on a headland which makes it more difficult to place the engineering as there is little beach or shoreline.

Revetments help stabilise cliffs which could slow down the loss of this site.

	Geosynthetic-wrap around revetments
(GWR)
	Soft
	Protect sandy beaches.
Protection from waves and currents
Other structures can be built directly on top.
Construction and life cycle coasts lower than hard engineering.
(Yasuhara and Recio – Molina, 2007)
	Failure of one layer comprises stability of all layers.
Many design parameters are empirical so compromise’s reliability.
Are site specific so not as easy to recreate.
(Yasuhara and Recio – Molina, 2007)
 
	 Could be an alternative for -
Whitesands Bay Beach
Borth Petrified Forest 
The Hulks
	

	Rock Armour
	Hard
	Cheaper, eco -friendlier and more durable than sea walls.
Long lasting.
Absorbs wave energy without reflection.
Easy to create to requirements.
Rock type which is naturally occurring in the area could be used.
(CEMEX, 2023)
	No habitat enhancement.
More expensive than natural protections.
Does not entirely prevent flooding.
(Fender Marine Construction, 2022)
	 Alternative for - 
Porth-y-Rhaw Coastal Promontory Fort.

	

	Gabions
	Hard
	Easy to assemble.
Strong and can stabilise sloping terrain.
Cannot be dragged away by heavy rain or storms.
Absorb and decrease water velocity whilst still letting water to drain through.
(Mainland Aggregates, 2022)
	Not easy to replace when needed.
More expensive.
Not all natural materials.
Can start to rust – danger to the environment.
(Mainland Aggregates, 2022)
	  Dinas Dinlle
	Possibly paired with Backshore nourishment.

	Salt Marsh Restoration
	Soft
	Carbon sink.
Supports other ecosystems.
Help dissipate the energy of waves.
(Billah et al, 2022)
	Difficult to return sites to their former state.
Can cause damage elsewhere.
(Billah et al, 2022)
	 Pembrey Pill Box
	Would be beneficial as the site is set behind a salt marsh so continued restoration and management would lead to a more natural protection for the site.

	Offshore Breakwaters
	Hard
	Is offshore so does cause damage to beach and prevents as much wave action hitting beach directly (Risc - Kit, 2023).

Effective with waves to 6.5m 

Can be used where there is poor soil or sand  conditions.
Cheaper than fixed breakwaters 
(Adams, 2017)

They do not interfere with waterflow. 
(APEC, 2014)

	Effective only with waves less than 6.5m (Adams, 2017)

Not effective in storms or emergency situations 

May cause long term ecological hazards we are not yet aware of.
(APEC, 2014)



	Alternative for -
Whitesands Bay Beach
Borth Petrified Forest 
The Hulks




Ramsey Island

	












Put around the outskirts of the island to offer some protection. Difficult to protect besides this. 



[bookmark: _Toc144465134]6.3 Enhancement and best practice
Coastal, environmental, and archaeological management plans also need to follow regulation and have minimal negative impact on the sites and surroundings. An issue with coastal protections is that implementing protections at one point along a coastline can have negative impacts on the upper and lower shoreline (Airolde, et al, 2005).  With this effect it could result in worse conditions for other archaeological sites, which are not deemed as vulnerable currently but an anthropogenic change in protection could result in worsening conditions. The impact cost of these protections needs to be considered before implementation.

Enhancement is an important feature of environmental research (Naylor, et al, 2012). When implementing anthropogenic changes to a natural area, the site should not just be protected but enhanced. If any biodiversity is displaced, then this should be integrated into an enhancement plan to improve it. What could be interesting to consider is the inclusion of biodiversity into the protection measures. Trials have been completed globally of natural protections. This can be seen extensively in areas such as Melbourne where Mangrove forests have been planted in ports to investigate how effective they are at protecting coastlines as Mangroves are naturally good protections in areas in which they are native (Morris, et al., 2018). Obviously, mangroves are not native to Wales or the UK but taking ideas from what is being done around the globe will offer a better and more stable starting point for future proposals in Wales. Mangroves are an important point as they were once abundant in Melbourne but have had significant historic declines (Morris, et al., 2018). If this logic is followed the reintroduction of species which have declined or landscapes which have been lost could benefit and forward a more natural protection plan. In the UK a more common species in areas such as Scotland are corals. Coral reefs reduce wave energy by an average of 97% and crests reduce 86% (Ferrario, et al, 2014). Coral is not as abundant in Wales, but seaweed is, and this could also act as an ‘ecosystem engineer’ and dissipate wave energy as well (Denny, 2021). The use of seaweed would allow for natural protections and could cause less environmental issues as it is native to the seas of Wales.

Sand dunes are a key landscape which have been depleted over the years in Wales and in many areas are being rejuvenated and restored via various means such as fences and vegetation planting (NRW, 2023b). Nature based solutions for coastal management are becoming increasingly common in Wales with Natural Resource Wales considering these types of protections to naturally rebuild the integrity of the coastlines (NRW, 2023b). The management plans which are already in place do discuss or utilise these, but these management strategies could be used more extensively.
Best practice is another area which needs to be considered when creating management plans. Not only does this offer an example of where something has been completed well and is effective, but it also offers guidance and indicates an expected level for other sites. For this work, examples of positive coastal management on archaeological sites would be a positive influence on the management plan put forward, but also any future work done in this field. Due to limited focus on the physical protections of coastal archaeology in the UK, best practice from countries abroad could be studied to allow for more efficient and eco-friendly management plans. 

Many of the protection projects abroad actually use moving the sites as a form of protection (Anderson, et al, 2017). This can be seen with projects such as the Cape Hatteras Lighthouse, discussed in section 2.7, and the Egyptian New Kingdom era temple of Abu Simbel which was moved before the flooding of the area surrounding the High Aswan Dam in the 1960s (Anderson, et al, 2017). This is not a perfect solution but in extreme situations this may be the best course of action. This form of protection has been seen before in Wales with sites within St. Fagan’s, such as the Vulcan pub which have been dismantled and recreated on site (St. Fagan’s, 2023). Even though there is an environmental cost in transporting the sites, it will have a lower environmental impact on the site itself as the natural processes will not be disrupted by coastal defences.  This only helps buildings and larger sites but for archaeological digs the protections needed during the excavation process would need a different approach. Depending on length, the protections would need to work in correlation with the dig. Archaeological excavations vary greatly in lengths and unseen complications can occur which delays excavations, such as the Ness of Brodgar on Orkney, they have been excavating for twenty years with the threat of sea level rise impacting the dig (Keane, 2019). If the excavations are shorter, only a few years, the temporary management could allow completion of the site work and then backfill the site, which happens often to preserve the site for future researchers (Smithsonian Magazine, 2023).

Part of the Mumbles in Swansea is a heritage site. The work currently being completed by Swansea Council, could offer an idea of viable ways to protect coastal archaeology. They are using a mixture of natural materials and hard engineering to create a safer and more user-friendly area (Figure 17).
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[bookmark: _Toc144376131][bookmark: _Toc144379166]Figure 17 Projection Model for Swansea Promenade (Swansea council, 2023)
This is not an ideal situation for the listed sites as it does not lend itself to recreational activities along the defences (Swansea Council, 2023), but having a greater inclusion of people and what the locals could use and benefit from, could greatly increase the acceptance of the planned work. Similar ideas could work more effectively at designated sites and National Trust sites as they could allow greater interaction at the sites and further interest. A positive of the work that they are completing here is that they are protecting an archaeological site that they found there by using signage (Figure 18). By having a sign, it is also making the public aware of the archaeology.
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[bookmark: _Toc144376132][bookmark: _Toc144379167]Figure 18 Image of a Sunken Wreck in Mumbles, Swansea (House, 2023)

[bookmark: _heading=h.xlpnybowbzdy][bookmark: _heading=h.lyxq8vtjnof2][bookmark: _heading=h.mxfd7bwm04ao]A way to make the management plans more robust and fundable, is if the protections focus not just on the archaeology but on the wider area, helping agriculture, tourism, and people’s lives in general. A further issue stems from protections having positives and negatives, often with the negatives outweighing. There are many methods of coastal management with some being unable to be utilised in some areas due to geology, and location. Moreover, the vastness of some sites makes the ability to protect the archaeology, no matter how important, far more difficult. The act of putting protections in place to protect vulnerable archaeological sites and coastlines, creates an issue both financially and environmentally. Human interaction with the natural world always has knock on effects and this can lead to worsening conditions in further areas as the environment is all connected. Even with progress being made in more eco-friendly methods of engineering, there is not substantial enough infrastructure to positively protect the sites and coast of Wales. As seen above there are also various features of protections which need to be considered when management is being put in place such as enhancement and best practice. These both will result in more effective and beneficial protections for the sites. With all the red tape which is needed for coastal management it does not lend itself to the necessary speed which is needed currently. The processes to be able to put management in place is adequate but it also could lead to sites being destroyed before anything can be done.

































7. [bookmark: _Toc144465135]Discussion and scope for further research:
[bookmark: _Toc144465136]7.1 Useability and efficacy of the matrix
As detailed in the methodology, the matrix in this work was created by taking other matrices into consideration. The factors which informed other matrices helped offer context and reasoning for the factors seen in this work. Using simple maths and a table format created an easily accessible matrix which the public could understand. This also offers value to professionals as it creates a ranking system for the sites and allows the most vulnerable sites to be clearly highlighted.
[bookmark: _Toc144465137]7.2 Positive aspects of the matrix
This matrix could offer a placeholder for the gap in the research to help identify 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. Due to the scale of this work, the thousands of sites in Wales could not be researched but it does offer a starting point for further study and a standardised scoring system for sites.

The matrix was successful due to a simplified scoring and ranking system than those previously seen in matrixes produces by SCAPE and Zarley, et al. This could allow for greater public engagement and allow for such a project to be completed in a much smaller time frame. Furthermore, it allows the people to have a greater sense of belonging to their history and possibly also better understanding, not just of their history but also the present-day environmental issues which are a threat to the heritage. 
[bookmark: _Toc144465138]7.3 Issues with matrix factors
An issue with this matrix is that not all factors can be included. Understandably no study uses all factors, but to be able to keep the scoring objective and replicable, some anthropogenic factors which could be seen as important were not included.  As stated above, the matrix in this work focuses solely on natural impacts but the inclusion of site importance is important but not as easily replicable. Putting this work into the context of the world today also identifies further issues due to the many crises which face communities. When it comes to the management itself it is incredibly difficult to offer advice and there is no universal fix. With the vast differences of the UK coast there will have to be many different approaches to management. Even though this work does not focus on anthropogenic factors and the importance of the sites, this would be considered highly important to many so in further study this may be considered, if and when a more objective view is concluded for this factor. Furthermore, the wider context of sites could be included. As seen by Zarley, et al (2016) land use was included. Land use can be an important factor when it comes to erosion and management.  If there is an active land use of the areas in question this could make the management more viable as it would be protecting more than the past, but also the present and future. 

The lack of cultural and archaeological significance in this work can be seen as an academic handicap. Without this factor a site which is deemed significant may be overlooked if the natural processes are not as negatively impactful. However, not including this factor allows for the work to be more objective and the data more easily replicable. Another point is that since this work is more environmentally focused and is highlighting the link between climate change, sea level rise, natural processes, and archaeology it is more acceptable to have retracted this variable. Again, if this matrix was used in a broader sense and country wide, having the public partake in the collection of data then the lack of subjectivity would make the work more accurate on a larger scale.

An issue which has to be taken into consideration is that of Covid -19. Many of these sites (the more vulnerable ones) were discovered before the pandemic but no work could take place and no protections could be put in place. This set some sites back two years and the full extent of the damage caused by this period cannot be known. As with the inability to predict future extreme weather events, there is no way to accurately predict pandemics and disasters of such nature which stop work. With this in mind the protections have to be more robust and able to maintain themselves as it was proven in 2020 human presence cannot be guaranteed.

7.4 Data issues 
With data from climate stations used in the matrix, there is an inherent weakness with data from climate stations due to the varying proximity to each coastal site. Some climate stations were used for multiple sites, leading to overlapping data. This issue was clearest for Ramsey Island as the closest climate station was on the mainland and the impact on the weather seen on small islands is notable (Met Office, 2023d). The data for Ramsey Island could easily be misleading; the weather on Ramsey Island could be significantly worse, especially on the west side of the island as it is fully exposed to the elements and the waves of the Atlantic. But the issue with producing new data for climate in specific areas is that there will not be thirty years of data. It is not clear who would provide funding for new climate stations.

After trials of the matrix, there was an issue identified within the data collection. Using the Met Office Climate averages website to collect data for wind, rain, and wave height, led to discrepancies in the scores of the matrix. The issue was identified as the climate stations being used. If an individual used the map to search for the closest climate station, then it would offer false results as it would seem that the incorrect station was closest, leading to different data sets being used and produced. The addition of using the search bar to maintain consistency was therefore added to the methodology and any data in this work which was impacted by this was edited and the numbers recalculated. 

The reliability of desktop surveys and assessments is a key part of this work. Since a substantial amount of the data was collected from online data banks and future projection models, the importance of accuracy is key to allow for the most accurate suggestions and management. The importance and reliability of desktop surveys results in better quality research which should be more easily replicable (Rivera-Collazo, 2019). A further issue with desktop surveys is that they can also quite often be rather conservative as the damage can be expected to be more severe and sudden (Gustafsson, 2018). An example of this could be seen by Hurricane Maria where the pre-event predictions were far milder than the impact which was actually seen after the event (Rivera-Collazo, 2019). The increase of extreme weather events had to be considered when creating and evaluating the matrix which this paper is based on. However, with ever advancing technology GIS and other various forms of surveying are becoming much more successful and useful to gauge such dangers to coastal archaeological sites (Marrero, 2021). Sea level rise is an area where future predictions may include errors or may not fully estimate the future impacts. 










8. [bookmark: _Toc144465139]Conclusion:
In conclusion, this work aimed to create and test a matrix of vulnerability to rank the risk which is present at coastal archaeological and heritage sites in Wales. The matrix has been created in a way that allows greater public engagement, which was supported by the respondents’ answers to the questionnaire where the matrix in this work was the most selected out of the four choices presented. 

The matrix was designed with previous matrices and indices in mind. By using the factors from previous work which were focused on the natural processes it allowed the result of the matrix to be more precise and the results easily recreated. It also highlights a level of appropriateness as the factors have been used previously and they were fit for purpose. 

The matrix in this work has allowed for a simple and replicable ranking system to be created. The usability of the matrix would also allow for the public to get involved with the work and offer them a possible greater understanding about environmental and archaeological issues in their local area. If the matrix was to be used on a nationwide scale, then the data collection could be completed exponentially faster than other matrices which isolate the general public. This would allow for a clearer view of quite how vulnerable the archaeological and heritage sites around Wales are. Granted there are issues and further research which could need to be completed to make the data complete but, as stated above having a general idea and incomplete data is better than waiting for a completed data set, in which the window to preserve these sites may have already closed.

Of course, the matrix in this work could have been completed in a different format closer to those of other scholars but the importance of community archaeology far outweighs the need for complicated mathematical equations. Issues which come from the creation of the matrix and including the public originates from the surveying itself. With many factors in such surveys and matrices being rather subjective, creating a fully replicable matrix can be difficult. Focusing on just the natural processes and placing limits on each of them allowed for a more controlled and easier to recreate matrix. A usual topic of conversation for archaeological sites is cultural significance but the inclusion of such a factor would lead to greater subjectivity and making the matrix less user friendly.


In addition, the professional interviews enhanced the understanding of the various topics covered. Even though all three interviewees came from different backgrounds, there was a clear overlap between all interviewees, indicating the multidisciplinary nature of this topic. The most important point was that sea level rise will have a great impact across all sectors of the world. People, the environment and archaeology will all be impacted by sea level rise. Measures need to be put in place and have more importance placed on them to protect the planet as we know it. The responses were not unexpected. 

What stood out from the survey responses was the overarching negativity towards public engagement options which are currently in place. Most of the respondents were eager to be involved with such projects but did not know how to get involved and find them due to the lack of opportunities available. This shows that projects such as that in this work would allow the public to be involved with local environmental and archaeology initiatives as well as some sense of ownership. 

This study shows that currently there is not enough being done to protect the Welsh coastline. Granted, there is a shoreline management plan but in many areas the protections in place are no protection (managed retreat). Even with this long-term plan in place there is not enough specific engagement with protections for important archaeological and heritage sites.

This work is clearly not to the extent it needs to be for the matrix to work effectively and to actually be of worth. With a wider data set it would allow the matrix to be of actual importance as the ranking of sites would allow the most vulnerable sites to be seen clearly and would allow for limited council and Government money to be best placed. With study and ever-changing technology this matrix could become the springboard for future protections for coastal archaeology. In the current situation it is understood that many councils in the UK have little money to spend on these protections, further hindering the sites and future progression which is needed.

This study and its objectives appear to be the one empirical investigation into the impact of sea level rise and natural processes on coastal archaeological and heritage sites within Wales. The objectives were SMART, and it was possible to cover all of the points made. A detailed literature survey has been completed to offer context to this work and allow for utilisation of previous matrices and their factors, which led to the design of the matrix. The matrix was then tested on the ten sites selected for this work. A clear evaluation is included in the work which considered feedback from respondents, which allowed for adaptation and improvement from the original matrix version. The scores from each site allowed for the ranking to be completed which indicated which sites were the most vulnerable and which needed the most protections, for which recommendations have been offered. 

With the damage which the management can cause to the natural environment sometimes it may be deemed more ethical to leave the site than to put the protections in place. It is a question of history versus nature and in many cases nature will win. People will ask if the past is really as important as the present or future?
Evolution of the landscape is natural. Is the changing of the landscape to save these sites environmentally and ecologically worth it?
































9. [bookmark: _Toc144465140]Recommendations
· If the matrix in this work was completed to the scale it is intended, then it would allow the whole of the country to be systematically scored and ranked against all coastal archaeological sites to clearly indicate what sites need protection the most. Following the example of SCAPE, involving the public would allow the survey to be completed in a timely manner and at no cost. The likelihood of this type of survey happening in Wales, especially in the current climate, is low but having the mechanisms in place to be able to complete a survey if ever required would allow for a quicker uptake and roll out nationwide. 

· As the coastline of Wales is ever changing and the speed of these changes will be exacerbated, a nationwide survey is needed as soon as possible, to prevent  issues with the data sets and also the management.

· Seaweed could offer a widespread protection for the Welsh coast as it is natural and native to Wales. This would also lead to minimal cost and environmental damage. 
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11. [bookmark: _Toc144465142]Appendix One: Reasoning for Factors

	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.

	Distance from the 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.

	Average Wind Strength 
	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.














12. [bookmark: _Toc144465143]Appendix Two: Numerical data for Matrix
Factor
Site

	
	Short term erosion
	Long term erosion
	Annual mean wind speed (Knots)
	Mean wave height (M)
	Mean annual Precipitation (mm)

	Pembrey Pill Box
	0.7 - 1.3
	3.4 - 6.6
	12
	0.8 - 1.3
	1102.51

	The hulks in the intertidal area at Ynyslas National Nature Reserve
	4 – 8
	20 – 40
	N/a
	N/a
	1106.53

	Whitesands Bay beach
	4 – 8
	20 – 40
	11.84
	0.6 - 1.5
	1167.6

	Dinas Dinlle coastal fort
	Negligible
	3.4 - 6.6
	N/a
	N/a
	1988.41

	Porth-y-Rhaw Coastal Promontory Fort
	0.7 - 1.3
	3.4 - 6.6
	11.84
	0.6 - 1.5
	1167.6

	The Great Orme promontory, overlooking Llandudno
	0.7 - 1.3
	3.4 - 6.6
	N/a
	N/a
	1114.68

	Small mediaeval settlement in the Newborough Warren area
	4 – 8
	20 - 40
	12.42
	1 - 1.5
	856.26


	Petrified forest – Borth
	Negligible
	20 – 40
	N/a
	N/a
	1106.53

	Castell Bach – Ceredigion
	0.7 - 1.3
	3.4 - 11.6
	13.11
	1 - 1.5
	927. 13

	Ramsey Island
	0.7 - 1.3
	3.4 - 6.6
	11.84
	0.6 - 1.5
	1167.6
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Pembrey Pill Box
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	X
	
	
	
	
	
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	x
	

	Size of site
	
	X
	
	
	
	
	
	
	
	

	Distance from coast
	X
	
	
	
	
	
	
	
	
	

	Coastal recession rate
	
	X
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	
	X
	
	
	
	
	
	

	Mean Wave Height
	
	
	
	x
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	X

	Rainfall
	
	
	X
	
	
	
	
	
	
	



Total: 40/110

The hulks in the intertidal area at Ynyslas National Nature Reserve
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	X
	
	
	
	
	
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	
	X

	Size of site
	
	
	
	X
	
	
	
	
	
	

	Distance from coast
	
	
	
	
	
	
	
	
	
	X

	Coastal recession rate
	
	
	
	
	
	
	
	
	
	X

	Annual mean wind speed
	N/a
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	N/a
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	
	
	
	
	
	
	X
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	X

	Rainfall
	
	
	
	
	
	
	
	X
	
	


Total: 64/110




Whitesands Bay beach
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	x
	
	
	
	
	
	
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	
	X

	Size of site
	
	
	
	X
	
	
	
	
	
	

	Distance from coast
	
	
	
	
	
	
	
	
	X
	

	Coastal recession rate
	
	
	
	
	
	
	
	
	
	X

	Annual mean wind speed
	
	X
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	X
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	
	
	
	
	
	
	
	
	X

	Flood Risk
	
	
	
	
	
	
	
	
	
	X

	Rainfall
	

	
	
	
	
	
	
	x
	
	



Total: 68/110


Dinas Dinlle coastal fort
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	X
	
	
	

	Chemical resistance of Geology
	
	
	
	
	
	
	X
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	x
	

	Size of site
	
	
	
	
	
	X
	
	
	
	

	Distance from coast
	
	
	
	
	X
	
	
	
	
	

	Coastal recession rate
	X
	
	
	
	
	
	
	
	
	

	Annual mean wind speed
	N/a
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	N/a
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	X
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	
	
	X



Total: 44/110



Porth-y-Rhaw Coastal Promontory Fort
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	X
	
	
	
	
	
	
	

	Chemical resistance of Geology
	
	X
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	X
	
	

	Size of site
	
	
	
	
	
	
	
	X
	
	

	Distance from coast
	
	
	
	
	
	
	
	
	X
	

	Coastal recession rate
	
	
	
	
	
	
	x
	
	
	

	Annual mean wind speed
	
	x
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	x
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	X
	
	
	
	
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	
	X
	



Total: 52/110



The Great Orme promontory, overlooking Llandudno
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	X
	
	
	
	
	
	
	

	Chemical resistance of Geology
	
	
	
	
	
	
	
	
	X
	

	Elevation
	X
	
	
	
	
	
	
	
	
	

	Size of site
	
	
	
	
	X
	
	
	
	
	

	Distance from coast
	
	
	X
	
	
	
	
	
	
	

	Coastal recession rate
	
	x
	
	
	
	
	
	
	
	

	Annual mean wind speed
	N/a
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	N/a
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	X
	
	
	
	
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	X
	
	



Total: 33/110



Small mediaeval settlement in the Newborough Warren area
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	
	X
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	
	X

	Size of site
	
	
	X
	
	
	
	
	
	
	

	Distance from coast
	
	X
	
	
	
	
	
	
	
	

	Coastal recession rate
	
	
	
	
	
	
	
	
	
	X

	Annual mean wind speed
	
	X
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	X
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	
	
	
	
	X
	
	
	
	
	

	Rainfall
	
	
	X
	
	
	
	
	
	
	



Total: 47/110


Petrified forest – Borth
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	
	
	
	
	X
	
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	
	
	X

	Size of site
	
	
	
	
	
	
	
	
	
	x

	Distance from coast
	
	
	
	
	
	
	
	
	
	x

	Coastal recession rate
	
	
	
	
	
	
	
	
	x
	

	Annual mean wind speed
	N/a
	
	
	
	
	
	
	
	
	

	Mean Wave Height
	N/a
	
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	
	
	
	
	
	
	X
	
	

	Flood Risk
	
	
	
	
	
	
	
	
	
	x

	Rainfall
	
	
	
	
	
	
	
	X
	
	



Total: 73/110


Castell Bach - Ceredigion
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	X
	
	
	
	
	
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	X
	
	
	
	
	

	Size of site
	
	
	
	
	
	
	
	X
	
	

	Distance from coast
	
	
	
	
	
	
	
	
	X
	

	Coastal recession rate
	
	
	X
	
	
	
	
	
	
	

	Annual mean wind speed
	
	
	X
	
	
	
	
	
	
	

	Mean Wave Height
	
	
	X
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	X
	
	
	
	
	
	
	
	
	

	Flood Risk
	X
	
	
	
	
	
	
	
	
	

	Rainfall
	
	
	
	X
	
	
	
	
	
	



Total: 41/110


Ramsey Island
	         Score

 Factor
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resistance to erosion (Geology)
	
	
	X
	
	
	
	
	
	
	

	Chemical resistance of Geology
	X
	
	
	
	
	
	
	
	
	

	Elevation
	
	
	
	
	
	
	
	X
	
	

	Size of site
	
	
	
	
	
	
	
	
	
	x

	Distance from coast
	
	
	
	
	
	
	
	x
	
	

	Coastal recession rate
	
	x
	
	
	
	
	
	
	
	

	Annual mean wind speed
	
	x
	
	
	
	
	
	
	
	

	Mean Wave Height
	
	x
	
	
	
	
	
	
	
	

	Vulnerability of the Archaeology
	
	
	
	
	
	x
	
	
	
	

	Flood Risk
	
	
	
	
	x
	
	
	
	
	

	Rainfall
	
	
	
	
	
	
	
	
	x
	



Total: 56/110


14. [bookmark: _Toc144465145]Appendix Four: Questionnaire Form
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To view form in original format please use link: https://docs.google.com/forms/d/e/1FAIpQLScixCgSTMq--61DynI_W--_icmNFbqCbIk4bxnnrV0_8VmHaw/viewform 


















15. [bookmark: _Toc144465146]Appendix Five: Questionnaire responses
Question 1b answers:
It's not something you hear a lot about
Very few advertised opportunities
I think there should be more
Despite there being some archaeology fields schools available for the public, these often seem quite expensive so maybe if they were cheaper and promoted more, more of the public would get involved with them.
I am not actively searching so this may affect my limited sightings.
It is rare I hear about anything to do with archaeology but then again I have not been looking
these things could always use more funding
Although there are public opportunities, they are often under-advertised and so most of the public do not know that such opportunities exist.
I am not aware of any public oppurtunities
I'm pretty uninformed on this topic but it seems that university courses regarding archaeology are easily accessible
heritage sites get a more even level of publicity and attention drawn to them but environment issues and opportunities for the public to get involved are way too sparse and lack a national unity that would make them more effective
This is an essential subject that informs people of our history and can inform future choices, innovations and possibilities


Question 4b answers:
I love the coast
Because they show what the sites were like many years ago and what they are like today and what is causing the problems
I’m not sure
All archaeology is important and alongside heritage sites, they all help to inform our history of the past. Being able to actually visit a heritage site can really offer new prospectives of how people in the past lived and worked.
these sites are important because they give us insights into the past these coastal sites are especially important as they are especially vulnerable to erosion
They offer a glimpse into how communities interacted with the sea. This is important in understanding how communities were shaped (their way of life, morals, etc) based on their environments. You can compare and contrast past coastal communities with past inland communities from their archaeological and heritage sites.
Heritage is an important part of human culture in addition to providing awareness to sites in the uk
They offer insight into our past
heritage and archaeology go hand in hand with how we create a national history that forms our societal identity - a very important thing
Can help inform people around issues such as climate change


Is there anything else you would like to add?
Unfortunately, because coastal archaeological and heritage sites are susceptible to arguably more damage, such as natural processes like erosion from the wind, sand, sea, rain, etc, than their inland counterparts, their preservation is difficult to maintain.
No


Matrices chosen by the Public which are most userfriendly 


Matrix A	Matrix B	Matrix C	Matrix D	0	0	11	1	
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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 researchers and
cultural resource managers to make informed decisions based on the effects of erosion, SLR and
other coastal hazards (Van Rensselaer 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 each site is assessed by its location in the landscape, how vulnerable the clo
shoreline to the site is, and the modern land use at and around the site (Reeder-Myers 201

A score is then generated for cach site using the fc quation (Reeder-Myers 2015, 43

_2(D+E) + 3(SV) + 2(LU)
= 3

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

CRV

elevation (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 | to 5 scale for distance,
elevation and shoreline vulnerability (Reeder-Myers, personal communication). Land

ranked categorically on a 1 to 5 scale (Reeder-Myers 2015, 438-439). Each of these key concepts
is discussed in detail below (Figures 1 and 2).

Shorcline vulnerability indices help rescarchers quantify coastal hazards using a general
equation (Van Rensselaer 2014, 376). We used geomorphology(a), coastal slope(b), relative sca-
level rise(c). shoreline erosion(d), wave height(e), 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 (Thicler and Hammar-Klose 2000, 1999):
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