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The impacts of climate change, including sea-level rise, coastal erosion, and flooding, have the 

potential to damage or destroy archaeology and cultural heritage assets. Most studies that have 

modelled or measured the impact of coastal and climatic processes on archaeology have focussed 

on archaeological features as discrete entities rather than as part of the historic landscape. The 

results, therefore, can only inform a comparison between single sites and do not reveal threats to 

the wider cultural heritage and historic landscape.  

This thesis develops a Landscape Vulnerability Framework, which uses several methodologies to 

establish the vulnerability of the historic landscape to climate change and identify sustainable 

management approaches. Each step of the framework is tested on the Dysynni valley and estuary 

(west Wales), which acts as a pilot study for the methods being developed.  

Historic Landscape Characterisation characterises the historic landscape into definable areas with 

similar form, function and history. This is based on an analysis of aerial photographs, modern and 

historic maps, archaeological database records, archive research, and geophysical surveys. 

A two-step vulnerability index is then developed to determine the vulnerability of the historic 

landscape to climate change. The first step assesses the vulnerability of archaeological sites and 

landscape features to climate change. The second step uses the results of the first vulnerability 

index, as well as spatial data on the landscape character areas and the threat in question, to 

calculate the vulnerability of each landscape character area to climate change. 

The results of the vulnerability index are used to inform a sustainability assessment of different 

potential coastal and flood-risk management options. A multi-attribute value theory is used to 

calculate the level of impact that different management approaches would have on the most 

vulnerable historic landscape character areas, the local ecology, economy and community. 

 

The Landscape Vulnerability Framework developed in this thesis can be applied to landscapes in the 

UK and beyond. It will provide a simple, well defined method for policy-makers and heritage 

organisations to effectively consider the vulnerability of the historic landscape to climate change, 

and inform a holistic, proactive approach to the sustainable management of cultural heritage. 
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/ƘŀǇǘŜǊ м  

LƴǘǊƻŘǳŎǘƛƻƴ 
1.1 Background to Research 
Climate change is one of the most widely-debated and contentious phenomena of the 21st century, 

although 98% of climate scientists agree that anthropogenic greenhouse gas (GHG) emissions have 

been the dominant cause of the recorded global temperature increase over the last half-century 

(Anderegg et al. 2010). This warming trend is predicted to increase in the foreseeable future, and 

will result in rising sea levels, changing weather patterns and exacerbated natural disasters (Kirtman 

et al. 2013). The impacts of these changes on ecological systems, and farming and subsistence 

economies will be severe, and include shifting habitat biomes and species ranges, altered growing 

seasons and life-cycles, disrupted food-webs, disease and parasite spread, and intensified droughts 

and floods (see Knox et al. 2010; King et al. 2018). These impacts, and potential adaptive 

approaches, are well researched within ecology, environmental sciences and agricultural sciences 

(e.g. Parmesan 2006; Rosenzweig et al. 2008; Nelson et al. 2009).  

Climate change also poses a threat to cultural materials and heritage, through desiccation, erosion, 

weathering, inundation, and bioturbation, but this has been less thoroughly researched than the 

environmental or economic impacts (Hermann 2017). The threat of climate change is particularly 

significant in coastal areas, which are prone to accelerating rates of erosion due to sea-level rise and 

increasing storminess, causing archaeological remains located on the foreshore and in cliffs to be at 

risk (Murphy and Ings 2013). Coastal erosion is known to have destroyed over 150 documented 

settlements around the North Sea in the last millennium, such as Eccles, Clare, Foulness, Keswick, 

and Shipden (Custard 2017; Sear et al. 2011). Furthermore, coastal lowlands are at risk of more 

frequent flooding or even permanent inundation due to sea-level rise (ibid.)  

Archaeological materials are a finite resource, and the information held within archaeological 

deposits can facilitate our understanding of past societies, environmental change, and the historic 

interaction between humans and their environment. Coastal regions in particular often have a 

higher density of archaeological remains than inland areas (Dawson 2013). Coastal cities and 

societies were important throughout the development of civilisation, so coastal archaeological sites 

are often rich in artefacts that can indicate the extent of trade networks (Bailey 2004). However, 

many historic coastal towns are now threatened by erosion and sea-level rise, so both cultural 

heritage and coastal communities are at risk (Murphy and Ings 2013). The waterlogged 

environmental conditions along many coastlines and in the subtidal or nearshore zone mean that 
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there is a high potential for the preservation of organic remains (Fischer 2004, DONG Energy 2013). 

For instance, 30 Mesolithic canoes have been discovered off the coast of Denmark, while in the 

intertidal zone of Cardigan Bay, Wales, the preserved remains of a forest contains environmental 

and archaeological information from the Bronze Age and earlier (Godwin and Newton 1938; Milner 

2012). The importance of coastal regions for archaeological information is high, and therefore it is 

especially important for the threat of climate change to be addressed. In order to effectively address 

this threat to cultural heritage, it is essential that archaeologists and heritage managers fully 

understand the ways in which cultural heritage is vulnerable to the myriad of impacts that may 

occur.  

1.2 Previous Research 

There has been some research on the threat of climate change to archaeology on several 

jurisdictional levels. Internationally, the EU-ŦǳƴŘŜŘ bƻŀƘΩǎ !Ǌƪ ǇǊƻƧŜŎǘ ǎǘǳŘƛŜŘ ǿƘƛŎƘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 

changes will have the most impact on built historic structures (CORDIS 2007; Brimblecombe et al. 

2011). UNESCO has funded research into the impacts of climate change on World Heritage sites such 

as Orkney (Scotland), Chavin Palace Complex (Peru), the monumental site of Panamá Viejo 

(Panama), and the ancient city of Timbuktu (Mali) (Colette 2007a; Ciantelli et al. 2018; Mullaney 

нлмфύΦ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ōƻǘƘ ǘƘŜ ¦b9{/h ŀƴŘ bƻŀƘΩǎ !Ǌƪ ǊŜǎŜŀǊŎƘ ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ǿƘƛŎƘ ǎƛǘŜǎ ŀǊŜ Ƴƻǎǘ 

at risk, and the nature of the threat, in order to inform policy-makers and adaptation strategies.  

In the UK, the National Trust is conducting research into the risk posed by climate change to its 

historic properties and developing adaptation plans for each, with particular focus on those in 

coastal areas (see National Trust 2015a). They suggest working with coastal processes where 

possible, and taking a long-term perspective, in order to transition into more sustainable 

management approaches for heritage sites (ibid). English Heritage undertook a scoping study on 

climate change and the historic environment, to identify gaps in information and produce general 

recommendations such as promoting and supporting local decision-making, identifying a way to 

prioritise sites for conservation and protection, and using impact information to develop adaptation 

strategies and guidelines (Casser 2005). Finally, the Historic Environment Group (HEG) Climate 

Change Subgroup, an advisory group that advises Welsh Ministers, produced a report on the 

potential impact of climate change on the historic environment of Wales (see Powell et al. 2012; 

Murphy and Ings 2013). This report divided historic assets into nine groups based on asset type or 

location, for example assets below the one metre contour, assets on the foreshore, historic 

buildings, forestry and woodland, historic landscapes, and assets in upland environments. This is the 

only report that looked specifically at the impact of climate change on historic landscapes and 
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determined that climate change threatens not only the historic assets within landscapes, but the 

character of historic landscapes themselves (ibid.).  In a report about sustainable management of 

heritage assets, Cadw (2011) briefly discuss historic landscapes as heritage assets, and the potential 

impact of climate change on the ecological elements of historic landscapes. However, there is no 

specific mention of sustainable management of historic landscapes in the face of climate change. 

The focus of this thesis is on historic landscapes as heritage assets. The HEG Climate Change 

Subgroup report estimated that historic landscapes will be the heritage asset most affected by 

climate change, due to the cumulative impact on the individual heritage assets within the landscape, 

as well as the woodland, parks, and gardens that characterise historic landscapes (Powell et al. 

2012). Furthermore, the focus of impact and adaptation research in archaeology tends to be on 

single sites, buildings and monuments. This means that historic landscapes are an overlooked 

historic asset. This thesis follows two of the general recommendations produced by English Heritage: 

ΨƛŘŜƴǘƛŦȅ ŀ ǿŀȅ ǘƻ ǇǊƛƻǊƛǘƛǎŜ ǎƛǘŜǎ ŦƻǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ ǇǊƻǘŜŎǘƛƻƴΩΣ ŀƴŘ ΨǳǎŜ ƛƳǇŀŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ 

ŘŜǾŜƭƻǇ ŀŘŀǇǘŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ƎǳƛŘŜƭƛƴŜǎΩ ό/ŀǎǎŀǊ нллрύ όǎŜŜ мΦпύΦ  

1.3 Justification for Research 

The importance of assessing and addressing the vulnerability of cultural heritage on a landscape 

scale, rather than on a site-by-site basis, is demonstrated by the limitations of a number of site 

protection projects. Matero (2008) states that the management and conservation of archaeological 

sites can result in a loss of place, and impact the visual integrity and legibility of the site within a 

landscape.  Shelters are often constructed over archaeological sites to protect them from erosion, 

weathering, precipitation, and sunlight (Teutonico 2013), but this can have many unforeseen 

negative impacts. For instance, shelters can isolate archaeological features from their surrounding 

landscape, making them appear as independent artefacts, and therefore obscuring the relationships 

between features and their environs (Thompson and Abed 2013). This can be seen at Chur, 

Switzerland, where a closed wooden pavilion was built in 1986 to cover Roman remains (see Figure 

1.1). The original Roman structures were single-storey, and the remains are now at ground level, but 

the shelters constructed are taller than a two-storey building (Martin 2013). These structures not 

only visually disrupt the landscape, but by covering the Roman remains, they remove the Roman 

character from the historic landscape and obscure the connection between the remains and their 

environment. Management approaches like this privilege the scientific and research value of the 

physical remains over the associative and aesthetic values of the site within the landscape (Matero 

2008).  
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 Shelters can also impact the character of the historic landscape as a whole. At Ephesus, Turkey, the 

remains of an ancient city including Persian, Hellenistic, Roman, Arabic, Byzantine and Christian 

remains, a shelter was built over a small section of the ŜȄŎŀǾŀǘƛƻƴ ό.Ŝƭƭƛōŀǒ нлмоύΦ ¢ƘŜ ǎƘŜƭǘŜǊ ƛǎ ǎǘŀǊƪ 

white against the muted greens, browns and beige of the landscape, and is the most visible feature 

in the environment for many miles (see Figure 1.2).  Shelters like this dramatically alter the character  

 

Figure 1.1: Wooden pavilion constructed to protect Roman remains at Chur, Switzerland, 

obscuring them within the landscape. Copyright Pol Martin 2013 and tŜǘǊ ~ƳƝŘŜƪ нллу 
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of the overall landscape, as well as obstructing the view of the site, and are the result of a site-

focussed cultural heritage management approach (Teutonico 2013).  

Although these examples come from continental Europe, site-focussed cultural heritage 

management is also a risk in the UK. In a report for the HEG Climate Change Subgroup, Powell et al. 

(2012) warn that the construction of coastal and flood defences could impact the character of the 

historic assets and settlements that they are designed to protect. They estimate that the most 

serious impact of climate change on British settlements will be the impact on the historic character 

Figure 1.2. A shelter constructed to protect some of the remains of the ancient city of Ephesus, 

Turkey. Copyright Ephesus Foundation 2016, Austrian Archaeology Institute 2019, and EarthTrekkers 

2019 
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caused by coastal and flood defences (ibid.). Environmental Impact Assessments (EIAs) of such 

developments are required to consider cultural heritage. However, the predominance of list-based 

heritage management in the UK (Historic Environment Records, National Monuments Record) means 

that the EIAs often just consult existing national registers (King 2006). These registers can be 

incomplete for a number of reasons, including a lack of systematic survey in some landscapes, and a 

focus on architecturally or scientifically important sites rather than culturally significant areas (ibid). 

Cultural heritage as defined by lists and point-data also obscures the intangible elements of cultural 

heritage, such as local tradition, land-use, and sense of place, and geographically larger areas that 

cannot be easily defined as points, such as scattered remains or spiritually significant landscapes 

(ibid.) 

Evidently, piecemeal protection of heritage assets, and site-focussed management structures, can 

fail to consider the impact of protection and management on the wider historic landscape. However, 

the historic landscape, defined in section 3.2.3 , is a cultural heritage artefact which is as at risk from 

climate change as any other asset.  

1.3.1 Dunwich, Suffolk 

The example of Dunwich, Suffolk, demonstrates the potential impact of climate change, and 

associated sea-level rise and coastal erosion, on historic landscapes. Dunwich currently has a 

population of less than 200 (ONS 2011), but was once a large port. During the 14th century it was 

similar in size to London at the time, and was an important centre for shipbuilding (Sear et al. 2015). 

The local geology is particularly susceptible to coastal erosion, with large areas recorded to have 

been lost in single events over the last 1000 years (Sear et al. 2011). The cultural heritage and 

historic character of the town has been destroyed due to erosion: Dunwich was unable to continue 

to act as a centre for trade following the loss of the market place and town hall in the 17th century; 

ǿƘƛƭŜ ǘƘŜ !ƭƭ {ŀƛƴǘǎ ŎƘǳǊŎƘΣ {ǘ aŀǊȅΩǎ ¢ŜƳǇƭŜΣ aŀƛǎƻƴ 5ƛŜǳ ƘƻǎǇƛǘŀƭ ŀƴŘ CǊŀƴŎƛǎŎŀƴ CǊƛŀǊȅ ǿŜǊŜ ŀƭƭ 

damaged or destroyed in the 18th - 19th centuries (see Figure 1.3) (Sear et al. 2011.). The loss 

experienced at Dunwich does not relate just to the disappearance of individual buildings and sites in 

isolation, but also to the loss of the heritage of the town and the historic character of the urban 

landscape. Climate change is projected to accelerate and exacerbate the coastal processes that here 

destroyed a whole urban landscape, and therefore has the potential to cause similar losses in both 

urban and rural historic landscapes.  
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Figure 1.3. Map indicating coastline position and retreat at Dunwich, Suffolk, each century 

during the second millennium AD. The extent of loss of the urban landscape and cultural 

heritage at Dunwich to due coastal erosion is shown. Source: Discovering Britain, 

Copyright RGS-IBG  
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1.4 Aims and Objectives 

The range of impacts associated with anthropogenic climate change will undoubtedly have an effect 

on the archaeological resource, particularly in coastal areas. The archaeological resource can 

encompass any and every trace of past human activity, whether that is a single findspot or a 

landscape-wide relic field system. However, most studies researching and addressing climate change 

ƛƳǇŀŎǘǎ ƻƴ ŀǊŎƘŀŜƻƭƻƎȅ ŦƻŎǳǎ ŜȄŎƭǳǎƛǾŜƭȅ ƻƴ ŀǊŎƘŀŜƻƭƻƎƛŎŀƭ ΨǎƛǘŜǎΩ όǎŜŜ ǎŜŎǘƛƻƴǎ нΦт and 7.2.5). This 

ƻǾŜǊƭƻƻƪǎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƛƳǇŀŎǘǎ ǘƘŀǘ ƻŎŎǳǊ ŀǘ ŀ ƘƛƎƘŜǊ ƻǊ ƭƻǿŜǊ ǎǇŀǘƛŀƭ ƭŜǾŜƭ ǘƘŀƴ ǘƘŀǘ ƻŦ ΨǎƛǘŜǎΩΦ  

This thesis is guided by a single research question: How can the vulnerability of cultural heritage to 

future climate change be assessed and managed at a landscape scale? 

A Landscape Vulnerability Framework is developed to address this research question. Within the 

framework, Hierarchy Theory and Historic Landscape Characterisation (HLC) are used to expand the 

spatial scope of archaeological analysis. These methods incorporate the wider historic landscape by 

creating a spatially continuous, landscape-level structure that can be used in vulnerability 

assessments. This addresses the problems caused by site-focussed vulnerability assessments and 

informs the sustainable management of the vulnerable historic landscape in the face of climate 

change.  

A case study in northwest Wales, the Dysynni valley, is used to trial and exemplify the methods and 

Landscape Vulnerability Framework developed in this thesis. Although the results of applying the 

Landscape Vulnerability Framework to the Dysynni valley are discussed, the intention was to create 

a framework that can be adapted and applied to any historic landscape in the UK and beyond, in 

order to establish a universal methodology for analysing and addressing the threat of climate change 

to historic landscapes.  

Three research aims were developed that feed into the overall research question, each of which is 

implemented using several research objectives.  

Research Aim 1 

The first research aim is to identify a method of analysing and characterising the archaeological 

resource on a landscape level. To develop a Landscape Vulnerability Framework, it is first important 

to identify, measure and characterise the archaeological resource of the landscape. The Dysynni 

valley study area is used to illustrate the methods chosen 
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Objectives 

1a) Collect information on the known archaeological resource in the Dysynni valley 

1b) Use aerial photography and geophysical surveys to enrich the archaeological record of the 

Dysynni valley 

1c) Use Historic Landscape Characterisation to characterise the historic landscape of the Dysynni 

valley. 

Research Aim 2 

The second research aim is to develop a landscape-level archaeology vulnerability assessment 

methodology. This methodology is a key element of the Landscape Vulnerability Framework, and 

was developed to be applicable to other contexts, so the framework can be replicated for other 

historic landscapes. 

Objectives 

2a) Determine the potential climatic changes in the Dysynni valley in the 21st century based on the 

results of a variety of climate models 

2b) Develop a vulnerability index for measuring and quantifying the vulnerability of historic 

landscapes, informed by the strengths and limitations of other archaeology vulnerability 

assessments 

2c) Apply the vulnerability assessment established in 2b to the Historic Landscape Characterisation 

output for the Dysynni valley (objective 1c), to identify any weaknesses in the methodology 

developed 

Research Aim 3 

The third research aim is to establish a way to identify the most appropriate approach(es) for 

sustainably managing the coastal historic landscape in the face of climate change. The final part of 

the Landscape Vulnerability Framework uses the outputs from the vulnerability assessment 

(Research Aim 2) to inform the most suitable and sustainable approaches to managing the risk 

identified. In line with the concept of sustainability (see section 3.2.4), this includes consideration of 

the economic, social and ecological impacts of different management approaches, as well as the 

archaeological impacts.   

Objectives 

3a) Identify, through literature research, a sustainability assessment approach that could be used in 

the Landscape Vulnerability Framework  

3b) Review the current coastal and flood-risk management approaches in the Dysynni valley, and 

research innovative sustainable alternatives  
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3c) Use the sustainability assessment approach (Objective 3a) to compare the current management 

policy in the Dysynni valley with potential alternatives identified in Objective 3b. This tests the 

suitability of applying this sustainability assessment methodology to the output generated in 

Research Aim 2. 

1.5 Thesis Outline 

The structure of this thesis is represented diagrammatically in Figure 1.4. After the Introduction 

(Chapter 1), there is a literature review of the current understandings of the potential impacts of 

climate change on archaeology, particularly in coastal areas (Chapter 2). Chapter three outlines the 

methodological approach followed in this thesis, including the conceptual framework and an 

explanation of how the methods chosen address the research aims. Chapter four provides an 

overview of the study area used to trial and exemplify the methods developed and used in this 

thesis. To address Research Aim 1, several primary and secondary research methods are used to 

enrich the archaeological understanding of the study area (Chapter 5) and inform a Historic 

Landscape Characterisation (Chapter 6). Chapter 7 addresses Research Aim 2, and involves the 

development of a landscape-scale vulnerability index, which is applied to the historic landscape as 

characterised in Chapter 6. This is based on a literature review of vulnerability assessment 

methodologies used in archaeological research, and addresses several of the limitations identified in 

common methods. In Chapter 8, Research Aim 3 is addressed, and a sustainability assessment 

methodology is developed to address the vulnerability of the historic landscape, as identified in 

Chapter 6. This involves a review of the current coastal and flood-risk management practices in the 

study area, an exploration of sustainable management approaches that could be employed, and a 

review of common sustainability assessment methods. Finally, Chapter 9 provides a summary of the 

thesis, the implications of the findings of this research, and recommendations for future research.  
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Chapter 1: Introduction  

Chapter 2: Impact of Climate Change on Archaeology 

Chapter 3: Methodological Approach  

Including the conceptual framework and approach to scale that inform the overall thesis  

Chapter 4: Study Area 

Introduction to the Dysynni valley, including the environmental and historical background of the area 

8.1: Sustainability Assessment Methods 

Chapter 8 

Sustainable Management 

for the Historic Landscape 

8.2: Current management of the study area  

8.3: Sustainable coastal and flood risk management options  

8.4: Application of the Sustainability Assessment to the study 

area   

Chapter 9: Discussion, Future Work and Conclusion 

 

Chapter 7 

Landscape-scale 

Vulnerability Index  

 

7.1: Vulnerability Index Methodologies  

7.2: Development of Landscape-scale Vulnerability Index  

7.3: Application of Landscape-scale Vulnerability Index to 

study area 

5.1: Multi-method research  

6.1: Landscape Character Area classification 

Chapter 5 

Landscape Analysis  

 

Figure 1.4: Visual diagram of the thesis structure 

Chapter 6 

Landscape Characterisation 

 

5.2: Landscape narrative development 

6.2: Historic Landscape Characterisation 
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1.6 Delimitation of Scope 

It is necessary to define the scope of this research, as phenomena discussed throughout such as 

climate change, cultural heritage, and historic landscapes, have broad and often different meanings 

depending on the research study or discipline. 

1.6.1 Climate Change 

Despite the contentious nature of the climate change debate within the media, this thesis is based 

on the belief that increasing radiative forcing, and therefore increasing average global temperatures, 

is occurring due to anthropogenic GHG emissions. The focus of this thesis is on the projected climatic 

changes, and associated impacts, for the 21st century. The uncertainty surrounding future emission 

pathways, and the lack of understanding of the impact of increased CO2 concentrations on 

atmospheric and ocean processes, means that any projections or recommendations made for longer 

time-scales would be too unreliable (Schneider 2002; Maslin and Austin 2012; Collins et al. 2013; 

Hawkins et al. 2014).  

1.6.2 Cultural Heritage 

Cultural heritage is mentioned throughout this thesis, and is mainly referring to any material 

remains of human activity, including archaeological features, buried remains, historic buildings, and 

monuments (UNESCO 2010). Infrequently within this thesis it is also used in its intangible sense, to 

refer to the collective culture, traditions, and way of life of communities (e.g. UNESCO 2011). The 

meaning of cultural heritage that is being used is evident in the context, but it is most frequently 

used to refer to tangible assets. 

1.6.3 Historic landscape 

The concept of the historic landscape is discussed in greater detail in section 3.2.3. It is important to 

ŎƭŀǊƛŦȅ ǘƘŀǘ ŀƭǘƘƻǳƎƘ ǘƘŜ LƴǘǊƻŘǳŎǘƛƻƴ όмΦнύ ƳŜƴǘƛƻƴǎ ΨƘƛǎǘƻǊƛŎ ƭŀƴŘǎŎŀǇŜǎΩ ŀǎ ƛƴŘƛǾƛŘǳŀƭ ŜƴǘƛǘƛŜǎΣ ŀs 

they are discussed in Welsh historic environment literature (e.g. Murphy and Ings 2013), this thesis 

uses the concept of the historic landscape as a continuous, dynamic artefact of past and current land 

use (see Fairclough et al. 2002). In Wales, Cadw has created a register of historic landscapes, which 

defines areas of special or outstanding historic interest (Cadw 2016). This means that these 

landscapes are more highly valued for their cultural heritage assets and are prioritised in terms of 

management. ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛƳǇƭƛŜǎ ǘƘŀǘ ǎƻƳŜ ŀǊŜŀǎ ƻŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŀǊŜ ΨƳƻǊŜ ƘƛǎǘƻǊƛŎΩ ǘƘŀƴ 

others, when in reality all of the British landscape has been occupied, used and managed by humans 

at some point in history. The concept of the historic landscape used in this thesis recognises the 
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historicity of all landscapes, by acknowledging the existence of the historic landscape in all areas 

(Turner 2018; see section 3.2.3).  

1.7 Summary 

This chapter has introduced and justified the research topic of the thesis. The overall research 

question is How can the vulnerability of cultural heritage to future climate change be assessed and 

managed at a landscape scale? To address this research question, the Landscape Vulnerability 

Framework is developed as a conceptual and methodological approach for assessing and managing 

the vulnerability of the historic landscape to climate change.  

Each of the research aims develops one of the three steps of the framework: a method for analysing 

and characterising the historic landscape (Research Aim 1 ς Chapters 5 and 6); a vulnerability 

assessment methodology for the characterised historic landscape (Research Aim 2 ς Chapter 7); and 

a sustainability assessment for management approaches to address the identified threat (Research 

Aim 3 ς Chapter 8). The study area location was chosen for both practicality and its apparent 

vulnerability, which is explored in greater depth in Chapter 4. The following chapter (Chapter 2) 

reviews the impacts of climate change on archaeology, in order to further contextualise this thesis 

and provide a solid foundation for developing the Landscape Vulnerability Framework.  
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Chapter 2 

LƳǇŀŎǘ ƻŦ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ƻƴ !ǊŎƘŀŜƻƭƻƎȅ 
 

2.1 Introduction 

In order to measure and address the vulnerability of the historic landscape to climate change, it is 

important to understand the various mechanisms by which it threatens cultural heritage. This 

chapter provides a review of the potential ways that the impacts of climate change could damage 

archaeological and historic resources. First, there is a brief overview of the process of climate change 

and the general modelled climate change projections (2.2). Secondly, the potential impacts of 

different climatic changes on cultural heritage are discussed. This is divided into impacts associated 

with temperature change (2.3), impacts associated with changing weather patterns (2.4), and 

indirect impacts (2.5). Finally, the implications for the historic landscape are discussed (2.6).  

2.2 Climate Change and Climate Projections 

Increasing GHG concentrations in the atmosphere due to anthropogenic activities will cause, and 

ƛƴŘŜŜŘ ŀǊŜ ŀƭǊŜŀŘȅ ŎŀǳǎƛƴƎΣ ŎƘŀƴƎŜǎ ǘƻ Ǝƭƻōŀƭ ǿŜŀǘƘŜǊ ŀƴŘ ŎƭƛƳŀǘŜ όǎŜŜ CƛƎǳǊŜ нΦмύΦ ¢ƘŜ ΨƎǊŜŜƴƘƻǳǎŜ 

efŦŜŎǘΩ ƻŦ /h2 and other GHGs causes an increase in radiative forcing, which means that more of the 

ǎǳƴΩǎ ǊŀŘƛŀǘƛƻƴ ƛǎ ōŜƛƴƎ ŀōǎƻǊōŜŘ ŀǎ ƭŜǎǎ Ŏŀƴ ǊŀŘƛŀǘŜ ōŀŎƪ ƛƴǘƻ ǎǇŀŎŜ όCƻǊǎǘŜǊ et al. 2007). The 

resulting rising global temperatures are predicted to increase the rate of polar ice cap and glacial 

melting and cause thermal expansion of the ocean, leading to sea-level rise (IPCC 2013). Global 

average sea-level rise has shown an accelerating trend over the past few decades, from +1.8mm per 

year (yr-1) between 1961-2003, to +3.1mm yr-1 between 1993-2003 (Murphy et al. 2009). Modelled 

future rates of sea-level rise are up to 16mm yr-1 by 2100 (Church et al. 2013).   

Increased radiative forcing also causes changes to air and ocean circulation patterns, which can have 

dramatic impacts on weather patterns. For instance, a rise in sea-surface temperature will increase 

the strength of thermally-forced surface winds and result in an increase in the magnitude and 

frequency of storms (Anthes et al. 2006). This can also alter the timing, frequency, and magnitude of 

precipitation and drought events (IPCC 2013).  
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2.2.1 Climate models 

Different climate change modelling projects often generate slightly different results. The climate 

system is complex, and the interaction between systems and the impact of changing CO2 

concentrations and radiative forcing on different systems is not yet fully understood. Therefore, 

future climate projections cover a wide range of potential future scenarios (see Figure 2.2). 

Numerous models are often used in conjunction during climate modelling projects, in order to make 

the results more reliable (Flato et al. 2013). Different climate change modelling projects use 

ŘƛŦŦŜǊŜƴǘ ŎƻƭƭŜŎǘƛƻƴǎΣ ƻǊ ΨŜƴǎŜƳōƭŜǎΩΣ ƻŦ ƳƻŘŜƭǎΣ ǿhich may have different input variables, baseline 

Figure 2.1. Observed climatic changes during the 20th Century, according to the 

International Panel on Climate Change (IPCC). Source: Hartmann et al. 2013 
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climate values, and spatial and temporal resolution, and use different algorithms to create 

projections (Murphy et al. 2009; Jenkins et al. 2009). For instance, the UK Climate Projections (UKCP) 

UKCP09 and UKCP18 ensembles included 15 variations of the Meteorological Office Hadley Centre 

global model, and 12 other international global models, including both General Climate Models 

(GCM) and Atmosphere-Ocean Global Circulation Models (AOGCM) (Murphy et al. 2009; Jenkins et 

al. 2009; UKCP2014a; Lowe et al. 2019). The Intergovernmental Panel on Climate Change (IPCC) 

Assessment Report 5 (AR5) produced 952 different simulations using 58 models, including AOGCMs, 

Earth Systems Models (ESM), and Regional Climate Models (RCM)(Flato et al. 2013; Emori et al. 

2016). While the IPCC AR5 used more models than the UKCP projects, the spatial resolution of the 

UKCP09 and UKCP18 results is 25kmx25km, providing a relatively high level of detail, and useful for 

informing local-regional adaptation planning (Jenkins et al. 2009). The IPCC AR5 has a lower 

horizontal spatial resolution of around 100kmx100km, however the IPCC provides global coverage 

while the UKCP projections are for the UK only (Taylor et al. 2012). There is greater uncertainty and 

variation in the global projections compared to those focussed on a specific region. This is because 

there is spatial variation in projected temperature change, with polar and high latitude regions 

predicted to warm more rapidly than the low-mid latitudes (Kirtman et al. 2013). 

Different models are often based on different GHG emission or concentration scenarios. The UKCP09 

ǇǊƻƧŜŎǘƛƻƴǎ ŀǊŜ ƎƛǾŜƴ ŦƻǊ ΨƘƛƎƘΩΣ ΨƳŜŘƛǳƳΩΣ ŀƴŘ ΨƭƻǿΩ ŜƳƛǎǎƛƻƴ ǎŎŜƴŀǊƛƻǎ όōŀǎŜŘ ƻƴ ǘƘŜ {ǇŜŎƛŀƭ wŜǇƻǊǘ 

on Emissions Scenarios (SRES) developed for earlier IPCC reports), while the IPCC AR5 and UKCP18 

projections are based on Representative Concentration Pathway (RCP) scenarios (RCP2.6, RCP4.5, 

RCP6.0, and RCP8.5) (Jenkins et al. 2009; Emori et al. 2016). The RCP value refers to the amount of 

radiative forcing (Wm-2) due to GHG concentration projected for 2100, rather than a certain level of 

GHG emissions (Taylor et al. 2012). Where possible, the projections used in this thesis are informed 

by the medium (RCP6.0) and high (RCP8.5) concentration pathways or emission scenarios, rather 

than any low concentration or emission scenarios. This is because it is recommended that the 

precautionary principle is employed during climate change adaptation (European Parliament and 

Council 2002), meaning that pessimistic rather than optimistic scenarios should be used for planning 

purposes.  
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Figure 2.2. Graph indicating the wide range of potential future temperature conditions, based on 

different models used by the IPCC. Source: Kirtmann et al. 2013 
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2.3 Impacts of Temperature Change 

2.3.1 Sea-level rise 

Sea-level rise, due to both thermal expansion and melting ice caps and glaciers, is predicted to cause 

an increase in the frequency of flood events due to higher water levels, an increase in the frequency 

of storm surges, and a change in tidal ranges (Fitzpatrick et al. 2006; Kelly 2009). A study by Hunt 

(2011) calculated that 89% of coastal English Heritage properties are at risk from coastal flooding. 

Past research has indicated that newly flooded areas will develop new drainage patterns, which may 

create channels that could cause scour and erode archaeological deposits (Long and Roberts 1997; 

Chapman 2002; Edwards et al. 2007; Herle et al. 2009; Kelly 2009). During severe high-water events 

such as storm surges, dunes or sea walls may be breached, meaning that sites that were previously 

protected from coastal processes could be subjected to saturation and erosion (Murphy et al. 2009). 

Therefore, climate change will increase the number of archaeological sites that are threatened by 

such coastal processes (Sabbioni et al. 2008; Kelly 2009; Daly 2011). 

Another impact of flood events is the saturation of dry soils, or the generation of wet/dry cycles, 

which can both result in a loss of soil structure, and increase the likelihood of instability and 

landslides (Colette 2007b; Herle et al. 2009; Brimblecombe 2014), thus endangering the integrity of 

any archaeological sites within the flooded area (Herle et al. 2009; Holický and Sýkora 2010). Some 

stones, such as clay-bearing sandstones, are at a higher risk of destabilisation and cracking due to 

wet/dry cycles, although areas with igneous and metamorphic geology are not significantly affected 

(Holický and Sýkora 2010). This threat is not unique to coastal sites, as inland areas can also be 

affected by fluvial and pluvial flood events. However, archaeological remains within coastal 

landslides and cliff-collapses may then be subject to coastal erosion, resulting in the permanent loss 

of archaeological information (as discussed in 2.4.1) (Croft 2013).  

As well as flooding, sea-level rise can cause the permanent inundation of low-lying areas, resulting in 

the submersion of some previously land-based archaeological sites (Berenfeld 2008; Kelly 2009; 

Perez-Alvaro 2016). Macphail et al. όнлмлύ ŀǊƎǳŜ ǘƘŀǘ ƛƴǳƴŘŀǘƛƻƴ ŎŀǳǎŜǎ ΨƎǊŀǾƛǘȅ-controlled down-

ǇǊƻŦƛƭŜ ŘǊŀƛƴŀƎŜΩΣ ƛƴ ǿƘƛŎƘ ŦƛƴŜ ǎƻƛƭǎ ƳƻǾŜ ŘƻǿƴǿŀǊŘǎΣ Ŏŀǳsing a loss of stratigraphic evidence (see 

also Colette 2007a). The loss of stratigraphic integrity, due to both flooding and sea-level rise, is a 

threat to the archaeological resource as it may hinder its interpretation and reduce the resolution 

with which archaeologists can reconstruct the past (Erlandson 2007). Inundation and the 

introduction of foreign water to a site may also cause changes to the soil chemistry and environment 

in which the archaeological resource is preserved, which could potentially damage archaeological 

remains (Long and Roberts 1997; Chapman 2002; Cassar and Pender 2003; Colette 2007a, 2007b; 
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Sabbioni et al. 2008; Macphail 2009). For example, an increase in the salinity of groundwater can 

impact wooden artefacts, as salt crystallisatƛƻƴ ŘŀƳŀƎŜǎ ǘƘŜ ǿƻƻŘΩǎ ŎŜƭƭǳƭŀǊ ǎǘǊǳŎǘǳǊŜ ό[ƻƴƎ ŀƴŘ 

Roberts 1997). Moreover, the magnetic signal from a hearth or burning activities can be lost due to 

the presence of Na+ ions in seawater, making the initial discovery of some sites more difficult 

(Crowther 2003). 

The increase in atmospheric CO2 is also causing ocean acidification: the average pH of oceans has 

dropped from 8 to 7.9 during the twentieth century (Daly 2011; Perez-Alvaro 2016). The warmer 

waters around the equator and tropics have a lower CO2 partial pressure, however cold waters in 

the northern latitudes can absorb more atmospheric CO2 (Sabine and Feely 2007). Therefore, it is 

predicted that the pH of polar waters may reach 7.4 during the 21st Century (Daly 2011; Perez-Alvaro 

2016). This increase in acidity could result in greater corrosion of metal remains in submerged 

archaeological sites, or in areas that will become inundated in the near future (Berghäll and Pesu 

2008; Kelly 2009; Daly 2011; Dunkley 2013). 

Conversely, the inundation of archaeological sites can be beneficial, as it may result in anoxic 

conditions, which are particularly good for preserving organic remains (Long and Roberts 1997; 

Lewis 2000; Davidson 2002; Macphail et al. 2010; Daly 2011; Milner 2012; Perez-Alvaro 2016). For 

instance, the submersion of sites beneath saltmarshes may increase their preservation due to 

waterlogging, and the reduced threat from land use and development (Lewis 2000). However, the 

submersion of archaeological sites may not necessarily preserve them as severe storm waves, and 

changes to sedimentation rates and currents, can erode and destroy submerged sites (Lewis 2000; 

Berghäll and Pesu 2008). The submersion and burial of sites may also reduce the possibility of 

discovering those archaeological remains, thus resulting in a loss of available archaeological 

information (Lewis 2000; Chapman 2002; Daly 2011; Croft 2013). For archaeological sites that are 

already underwater, even a small rise in sea level will make them much more difficult to explore and 

excavate (Dunkley 2013; Perez-Alvaro 2016). 

2.3.2 Biological impacts 

The temperature changes associated with climate change are altering the distribution and behaviour 

of certain fauna, for instance an extension of insect species ranges to higher latitudes, and an 

increase in over-winter survival (Bale et al. 2002). As a result, there may be an increased threat of 

insect attack on organic archaeological remains (Colette 2007b; Daly 2011). The shipworm Lyrodus 

pedicellatus is the most oft-cited biological threat within the British archaeological literature, as its 

northward expansion into British waters could cause damage to shipwrecks and other wooden 

submerged remains (Murphy et al. 2009; Croft 2013; Dunkley 2013). Mollusca and crustacea in the 
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intertidal zone can bore into archaeological remains and disrupt the stratigraphic integrity of some 

sites (Long and Roberts 1997). A combination of an expansion in the range of damaging species, and 

an increase in the number of sites in the intertidal and subtidal zone due to sea-level rise, means 

that more sites may be exposed to molluscan borers (ibid.).  

Some terrestrial remains are also threatened by changing biological activity. Warmer and more 

humid conditions are increasing the risk of insect infestation and fungal growth in historic buildings 

(Murphy and Ings 2013). This has the potential to affect both the structural elements of buildings, 

such as the timbers, but also the historic interiors such as carpets, tapestries, cloth, and wooden 

furniture and floorboards (Brimblecombe and Lankester 2012). It can be particularly difficult (and 

expensive) to control the interior atmospheric conditions in historic buildings, which are not well 

sealed and would be spoiled by the installation of air-conditioning and de-humidifying units (ibid).  

Faunal activity is not the only biological threat posed to the archaeological resource due to climate 

change. In the Baltic Sea, Milner (2012) argues that the climate change driven decline in the eelgrass 

Zostera marina L. has resulted in an increased exposure of sediments, leading to a decrease in 

stability and an elevated risk of erosion.  Furthermore, the CO2 fertilisation effect and longer growing 

seasons, may increase terrestrial plant growth and therefore raise the risk of bioturbation of 

archaeological sites by plant roots (Daly 2011).  

Finally, organic archaeological remains can be well preserved in frozen conditions, such as 

permafrost (Harmsen et al. 2018). Temperatures are already rising at a greater rate in polar regions 

than the global average due to air circulation patterns (Ecochard 2011). Figure 2.3 demonstrates the 

higher rate of warming in the Arctic, and the projected decrease in permafrost extent. The result of 

melting permafrost and changing microbial communities will be accelerated decomposition of 

remains such as bone and wood, as well as the destabilisation of structures and monuments on 

ground that is no-longer frozen solid (Hollesen et al. 2016; Harmsen et al. 2018).  
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2.4 Impacts of Changing Weather Patterns 

2.4.1 Coastal erosion 

Climate change will cause an increase in the frequency and magnitude of coastal storms, which will 

result in an increase in coastal erosion and the destruction of archaeological sites in some areas 

(Cassar and Pender 2003; English Heritage 2006; Erlandson 2008, 2012; Colette 2007b; Berghäll and 

Pesu 2008; Reeder et al. 2012; Croft 2013; Perez-Alvaro 2016). Cassar and Pender (2003) argue that 

the biggest causes of coastal erosion, and therefore the most significant threat to coastal 

archaeology, are storm surges and increased storminess. These can cause large losses of coastal 

material in a short period of time, and are therefore more difficult to plan for or adapt to compared 

with gradual sea-level rise (see also Lewis 2000; Egloff 2006; Kelly 2009; Marzeion and Levermann 

2014). 

Figure 2.3. A map to demonstrate the contracting extent of the Arctic permafrost and the 

accelerated warming trend in polar latitudes compared to temperate regions. Copyright 

Hugo Ahlenius  
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Sea-level rise also increases the risk of coastal erosion (Heppell and Brown 2001; Van de Noort 2002; 

Colette 2007a; Sabbioni et al. 2008; Kelly 2009; Daly 2011; Erlandson 2012; Milner 2012; Reeder et 

al. 2012; Bickler et al. 2013; Croft 2013; Dawson 2015). For instance, sea-level rise in an area with 

ƘŀǊŘ Ŏƻŀǎǘŀƭ ŘŜŦŜƴŎŜǎΣ ǎǳŎƘ ŀǎ ǎŜŀ ǿŀƭƭǎΣ ŎŀǳǎŜǎ ŀ ǇƘŜƴƻƳŜƴƻƴ ƪƴƻǿƴ ŀǎ ΨŎƻŀǎǘŀƭ ǎǉǳŜŜȊŜΩΣ ƛƴ ǿƘƛŎƘ 

areas of saltmarsh in front of the sea walls are lost due to an inability to migrate landwards in 

response to sea-level rise (Murphy et al. 2009). This could also cause the loss of any archaeological 

remains buried beneath the saltmarsh (Long and Roberts 1997; Trow 2003; Murphy et al. 2008, 

2009; Westley et al. 2011). Coastal defences also lead to a reduction in sediment input into the local 

sediment cell, which is known to increase erosion along other areas of coastline nearby (Cooper et 

al. 2001; Reeder et al. 2012), thus indirectly endangering coastal archaeological sites. 

Coastal erosion can lead to the discovery of new sites that would not otherwise have been found 

(Darvill et al. 1998; Chapman 2002; Davidson 2002; Edwards et al. 2007; Daly 2011; Milner 2012). 

For instance, Mesolithic footprints in the Severn Estuary and Low Hauxley, Northumberland, and the 

site of Seahenge, Norfolk, were revealed by coastal erosion (see Figure 2.4)(Pitts 2011; Milner 2012; 

Cosgrove 2015). However, the uncovering of archaeological sites, in particular organic remains, can 

accelerate their decay, as they are exposed to oxygen and microbial and fungal activity, as well as 

erosion (Long and Roberts 1997). Furthermore, the loss of beaches due to sea-level rise increases 

the amount of erosion at the bottom of cliff faces, leading to an increased chance of cliff collapse 

and a loss of any archaeological sites situated on the cliff (Darvill et al. 1998; Trow 2003; Bromhead 

and Ibsen 2006; Kelly 2009; Murphy et al. 2009; Westley et al. 2011; Daly 2011; Croft 2013). On high-

energy coastlines and during storm events, the material from a cliff failure may be transported away 

very quickly, meaning that any archaeological material is removed before it is discovered (Long and 

Roberts 1997; Trow 2003). Therefore, the information held within these archaeological sites has the 

potential to be destroyed without any opportunity for it to be discovered or recorded. 
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The threat of coastal erosion is mainly confined to coastlines with soft bedrock and overlying 

sediments, including sandstone, boulder clay and alluvial/marine mud (Jones 2002; Trow 2003; 

Edwards et al. 2007; Westley et al. 2011; Kelly 2009; Reeder et al. 2012; Croft 2013; Dawson 2015). 

Shorelines with more resistant rock, such as granite cliffs, are not significantly threatened by wave 

action. However, Trow (2003) states that soft coastlines, for instance estuaries and saltmarshes, are 

important for archaeology, as they often maintain favourable preservation conditions, and have 

been known to contain middens, submerged Mesolithic sites, shipwrecks, and submerged forests. 

Therefore, the coastlines at greatest risk of erosion may be the ones that have the greatest 

archaeological potential.  

2.4.2 Storminess 

Serious storms can threaten heritage sites in inland areas. Heavy precipitation events and more 

frequent droughts may result in flash flooding and a loss of soil structure, and increase the likelihood 

of instability, soil erosion, and landslides, thus endangering the integrity of any archaeological sites 

on, or within, affected areas (De Roo 1998; Colette 2007; Herle et al. 2009; Holický and Sýkora 2010). 

In steep or mountainous areas, artefacts can be eroded and scattered across the surface of the slope 

by sheet erosion (Meylemans et al. 2008). Earthwork features are particularly threatened as they are 

Figure 2.4. Human and animal footprints revealed by erosion in the intertidal 

zone at Low Hauxley, Northumberland. Source: NatureLogBlog.wordpress.com 
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eroded with the loss of surrounding sediment and may leave little trace (ibid.). Built structures are 

also at risk; heavy rains associated with Storms Eva and  Frank lead to the collapse of an 18th-century 

bridge in Tadcaster, North Yorkshire, in 2015 (see Figure 2.5) (Tran et al. 2015). Finally, coastal 

storms can increase the amount of sediment deposited in the intertidal or nearshore zone (Faulkner 

et al. 2005).  This has the potential to bury coastal archaeological features and prevent their 

discovery. The projected increases in magnitude and frequency of storm events due to climate 

change means that this kind of event, and the associated impacts discussed here, may become more 

common throughout the 21st century.  

2.5 Indirect Impacts  

The impact of climate change on archaeology is not limited to direct impacts, and can be caused by 

the mitigation and adaptive approaches taken by societies in response to climate change. For 

example, the construction of coastal defences in response to rising sea levels can result in coastal 

squeeze, causing the loss of saltmarsh and beach, leading to sediment starvation, and increasing 

erosion along other areas of coastline (see 2.4.1)(Jones 2002; Kelly 2009). Furthermore, the 

construction of built coastal defences and flood alleviation infrastructure can physically damage the 

archaeological resource beneath, due to the compaction of soils and heavy machinery used (Cassar 

and Pender 2003; English Heritage 2006; Wessex Archaeology Ltd 2007; Murphy et al. 2009; Flatman 

Figure 2.5. Collapsed section of a historic bridge in Tadcaster following heavy rainstorms during 

Storms Eva and Frank in December 2015. Copyright Giles Rocholl 
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2009; Kelly 2009; Daly 2011; Hall et al. 2016). The construction of infrastructure designed for the 

mitigation of climate change, such as offshore windfarms and tidal barrages, also has the potential 

to destroy any archaeological site located beneath them, as well as altering local erosion and 

sedimentation patterns (English Heritage 2006; Wessex Archaeology Ltd 2007; Berghäll and Pesu 

2008; Kelly 2009; Murphy et al. 2009)  

The lack of hard coastal defences can also pose a threat to coastal archaeology. Hard coastal 

defences are very expensive, so many areas of coastline are subjected to alternative management 

approaches, namely managed realignment or no active intervention (Egloff 2006). The managed 

realignment approach promotes the removal of areas of sea wall in order to allow the sea to breach 

the previously defended area and allow a saltmarsh to develop (Cassar and Pender 2003). Therefore, 

any archaeology landward of the sea wall, previously defended from coastal processes, is 

subsequently at risk from erosion or inundation (Cassar and Pender 2003; Bromhead and Ibsen 

2006; English Heritage 2006; Kelly 2009; Macphail 2009; Murphy et al. 2009). The development of 

saltmarsh is desirable for biodiversity and conservation, meaning that this approach is often 

favoured for both economic and environmental reasons (Egloff 2006; Murphy et al. 2009). 

Furthermore, no active intervention is an approach taken for many areas of the coastline for which it 

is not economically beneficial to construct defences. Scheduled monuments and listed buildings are 

the only cultural heritage assets to be properly considered in shoreline management plans (Cassar 

and Pender 2003; Trow 2003; Bromhead and Ibsen 2006; Murphy et al. 2009; Hunt 2011). However, 

Long and Roberts (1997) do argue that the construction of coastal defences for towns, cities, and 

power plants may inadvertently protect some local archaeological sites and historic buildings from 

erosion.  

2.6 Implications for the Historic Landscape 

As well as damaging individual archaeological sites and remains, climate change has the potential to 

significantly impact historic landscapes across the UK. As explained in greater detail in Chapter 3, the 

historic landscape is a product of past and present human action, and may be characterised by field-

boundary morphology, settlement structure, visible archaeological and historical sites, and 

vegetation structure and location. The impact of climate change on archaeological and historical 

sites could have a significant impact in particular on the historic character of rural landscapes 

(Kaslegard 2011). For example, coastal erosion and landslides have resulted in the destruction of 

many historic and even pre-Roman coastal fortifications on the south east coast of England 

(Bromhead and Ibsen 2006). The loss of these features threatens the military and defensive 

character of this historic landscape. Furthermore, changing climatic conditions may lengthen crop 
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growing seasons, and make areas suitable for arable agriculture that were once only used for 

livestock (Knox et al. 2010; King et al. 2018). As well as affecting the local economy and traditional 

ways of life, this could affect the visual character of the landscape as smaller field boundaries are 

removed and monocrop agriculture replaces livestock. Climate change may also alter the species 

assemblage or ecosystem structure in areas of woodland or parkland by changing species phenology 

and suitable ranges (Historic England 2016). This could lead to a collapse of ecosystems, if 

producer/prey/predator phenological cycles become desynchronised, or if invasive species 

outcompete native species under future climate conditions (e.g. Stachowicz et al. 2002; Mainka and 

Howard 2010; Chevillot 2017). A change in the location and type of vegetation in a landscape would 

dramatically impact the overall character. Rural landscapes often have close visual links with 

traditional industries and local sense of place (Kaslegard 2011). Climate change may lead to changes 

in historic landscapes that affect local sense of place and the experience of being within the 

landscape, as well as local economies and ecosystems (ibid.). 

2.7 Measuring the vulnerability of cultural heritage to climate change 

Chapter 7 provides a deeper discussion on the definition of vulnerability and how the vulnerability of 

cultural heritage to climate change is typically measured. The purpose of this section is to outline the 

general trends in vulnerability assessments within archaeological research and identify the 

associated limitations, in order to justify the proposed methodology of this thesis. 

Vulnerability indices are a popular method of assessing the risk and potential damage to material 

cultural heritage from climate change (see Thieler and Hammar-Klose 2000; McLaughlin et al. 2002; 

Boruff et al. 2005; Boruff and Cutter 2007; Diez et al. 2007; Hegde and Reju 2007; Torresan et al. 

2008; McLaughlin and Cooper 2010). Indices use a selection of variables to quantify different 

elements of vulnerability and produce a single vulnerability score (Barnett et al. 2008; Balica et al. 

2012). Risk maps and vulnerability matrices are also frequently used to identify archaeological or 

historical features with greater exposure to the impacts of climate change or other environmental 

disasters (Risk maps see: Accardo et al. 2003; Grossi et al. 2007; Robinson et al. 2010; Westley et al. 

2011; Daire et al. 2012; Westley and McNeary 2014; Boinas et al. 2015; Vulnerability matrices see: 

Papathoma-Köhle et al. 2017; Berry et al. 2019). Different methods and studies incorporate different 

types of threat, with some including both anthropogenic and natural factors, while others only 

measure vulnerability to a specific type of threat.  

The common theme across methods and frameworks reviewed during this research is that the 

object of study is individual or groups of sites, buildings or features. This causes several issues, which 

are discussed in section 7.2.5, such as a lack of coverage in areas that have not been systematically 
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ǎǳǊǾŜȅŜŘΣ ŀ ƭŀŎƪ ƻŦ ŎƭŀǊƛǘȅ ŀōƻǳǘ ǿƘŀǘ ŎƻƴǎǘƛǘǳǘŜǎ ǘƘŜ ΨǎƛǘŜǎΩ ƛƴŎƭǳŘŜŘΣ ŀƴŘ ŀ ƭŀŎƪ ƻŦ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ǘƘŜ 

historicity of the landscape as a whole. Even when research covers a stretch of coastline or a 

landscape, the focal level is still on the individual archaeological sites within the study area, rather 

than on the historic landscape (e.g. Daire et al. 2012; Reeder et al. 2012; Chadwick-Moore 2014; Van 

Rensselaer 2014; Westley and McNeary 2014).  

There are several limitations with studying the vulnerability of individual or groups of archaeological 

sites to climate change. Firstly, it neglects the importance of the context of sites and their 

relationships with other sites and the surrounding landscape. It implicitly assumes that 

archaeological data are confined to discontinuous points across a landscape, and therefore obscures 

the historicity of the liminal spaces between sites and the historical-cultural importance of the 

landscape as a whole (Turner 2006; Bender 2009a). 

This thesis develops a landscape-scale approach to vulnerability assessment using Historic Landscape 

Characterisation (HLC) (see Chapter 6) in order to address the limitations discussed here and in 

section 7.2.2. This takes into account the dynamic historic character of the landscape as well as the 

individual archaeological features or sites within it. It also incorporates the relationships between 

sites, and between sites and the landscape, and the evolving socio-cultural values associated with 

landscapes. HLC has been used by Cornwall County Council (2013) to determine the sensitivity of the 

Cornish historic landscape to the development of solar power farms and wind turbines. There is 

therefore precedence for combining a HLC with a vulnerability assessment to evaluate and manage 

the vulnerability of the historic landscape to various threats.   

2.8 Summary 

This chapter provides a brief appraisal of the different ways in which cultural heritage assets are 

threatened by the impacts of climate change. As well as affecting individual features and sites, 

climate change has the potential to cause wider changes to the historic environment, such as 

altering the character of the historic landscape through land-use and vegetation change. The impacts 

included here are not exhaustive, and there are many other ways in which climate change may 

affect archaeology and historic resources. However, this chapter demonstrates the extensive nature 

of climate change impacts with regard to archaeology, and therefore indicates the complexity of 

addressing the issue.  
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/ƘŀǇǘŜǊ о 

/ƻƴŎŜǇǘǎ ŀƴŘ aŜǘƘƻŘǎ ŦƻǊ [ŀƴŘǎŎŀǇŜπ
{ŎŀƭŜ ±ǳƭƴŜǊŀōƛƭƛǘȅ !ǎǎŜǎǎƳŜƴǘ 
3.1 Introduction 

This chapter describes and justifies the methodological approach used in this research to address the 

research aims discussed in the Introduction (Chapter 1). The research question guiding this thesis is: 

How can the vulnerability of cultural heritage to future climate change be assessed and managed at 

a landscape scale? Chapter 3 presents the steps by which a landscape-scale vulnerability framework 

is constructed. This landscape-scale vulnerability framework was developed to address the lack of 

recognition of the historic landscape within archaeological vulnerability assessments (see sections 

2.7 and 7.2.5), and incorporate the historic landscape in sustainability assessments of coastal and 

flood-risk management approaches (see Chapter 8).  

The conceptual framework underpinning this thesis is described, in order to establish the conceptual 

and epistemological context of this research (3.2). This is important as it allows the reader to 

understand the context of the research methods, results and conclusions. Section 3.3 explains the 

methodological approach adopted, and justifies the choice of methods. Secondly, there is an 

overview of the methods used to address each research aim in this thesis (3.4). Each of the research 

aims develops one of the three steps of the Landscape Vulnerability Framework.  

3.2 Conceptual Framework 

This section explains and justifies the paradigm in which this research was carried out. The paradigm 

includes the concept of scale and the Hierarchy Theory scalar framework, the concept of the historic 

landscape, and the theory of sustainability. These ideas actively shape the methods chosen for 

addressing the research questions. 

The concept of scale, including its use in different disciplines as well as archaeology, and the 

importance of explicitly defining the chosen scale of research is initially discussed. This informs the 

choice of the Hierarchy Theory scalar framework which underpins this thesis. Section 3.2.2 provides 

a description of the Hierarchy Theory and an explanation of how it was applied to this research to 

address the limitations discussed. The concept of the historic landscape is then explained, with 

reference to how it was used to resolve some of the limitations within archaeological research. 

Finally, the theory of sustainability and its relevance to this research is explored. 
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3.2.1 Scale 

Scale and its conceptualisation are central to geographic research and theory, and are debated 

across various natural and social science disciplines. This section provides a brief overview of the 

different ways that scale is used (both explicitly and implicitly) in different disciplines, followed by an 

explanation of the Hierarchy Theory scalar framework which was employed in this thesis. 

 

Figure 3.1. Diagrammatic representation of various examples of scales (A-G) and levels (circular points 

along each scale), to illustrate the way in which the terms level and scale are used in this research. 

Taken from Cash et al. 2006. 
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As a brief precursor to the explanation of the scalar framework of this research, there must be a 

clarification of the ways that the terms level and scale interact. In much academic literature, these 

two terms can be used interchangeably with no loss of meaning (i.e. local-scale, local-level). This can 

result in confusion if this literature interacts with others in which the meaning of level and scale are 

specified. Within literature tackling the theory of scale in social sciences, levels are defined more 

ǇǊŜŎƛǎŜƭȅ ŀǎ ǳƴƛǘǎ ƻŦ ŀƴŀƭȅǎƛǎ ŀƭƻƴƎ ŀ ǎǇŜŎƛŦƛŎ ǎŎŀƭŜΣ ǿƘƛƭŜ ǎŎŀƭŜ ǊŜŦŜǊǎ ǘƻ άǘƘŜ ǎǇŀǘƛŀƭΣ ǘŜƳǇƻǊŀƭΣ 

quantitative or analytical dimensions used to measuǊŜ ŀƴŘ ǎǘǳŘȅ ŀƴȅ ǇƘŜƴƻƳŜƴƻƴέ ό/ŀǎƘ et al. 

2006, p.2, see also Gibson et al. 2000). Sayre (2009) goes further, arguing that scale is not fixed or 

absolute in nature, but rather represents the way in which phenomena and processes relate to one 

another. Figure 3.1 provides a diagrammatic representation of this definition of level and scale, in 

order to clarify its meaning. It is this use of scale and level that is employed within this thesis.  

The use of scale in social sciences 

Theoretical approaches to scale within the social sciences perceive scale as describing the 

organisation of social levels, and the interactions between these levels (Reed and Brunyeel 2010). 

There have been many debates within social theory regarding scale. A foundational discussion within 

scale theory involves the way that scale is considered to be socially constructed, and the means by 

which this occurs. For instance, national governments are key in constructing jurisdictional scales of 

governance (with local councils, county councils, and nation states as levels), and therefore deciding 

the power and resources allocated to each level of this scale (McCarthy 2005; Termeer et al. 2010). 

This is an example of the way in which the construction of scale can be used politically, in order to 

determine who receives power and resources, and the power relations between levels of a 

ǇŀǊǘƛŎǳƭŀǊ ǎŎŀƭŜ όwŜŜŘ ŀƴŘ .ǊǳƴȅŜŜƭ нлмлύΦ CǳǊǘƘŜǊƳƻǊŜΣ ΨǎŎŀƭŜ-ŦǊŀƳƛƴƎΩ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǎǳǇǇƻǊǘ 

certain actors. Infrastructure companies can frame their opponents as being selfishly concerned only 

ǿƛǘƘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ƻƴ ǘƘŜƛǊ ƛƳƳŜŘƛŀǘŜ ǎǳǊǊƻǳƴŘƛƴƎǎ όΨbLa.¸ƛǎƳΩ ƻǊ Ψbƻǘ Lƴ aȅ .ŀŎƪ 

Yard-ƛǎƳΩύΣ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ ƭŀǊƎŜǊ ǇǳōƭƛŎ ōŜƴŜŦƛǘ ǘƘŀǘ ŀƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇǊƻƧŜŎǘ Ƴŀȅ ǇǊƻǾƛŘŜΣ ƛƴ ƻǊŘŜǊ 

to discredit their argument (Towers 2000; Termeer et al. 2010). In this way, the construction of scale 

can fix social relations in space, giving meaning and priority to certain processes or actors over 

others, and thus acting as a potent political tool. 

There are also debates which tackle whether scale is an ontologically real property of social life, or 

whether it is imposed as a framework upon the subject of study by researchers (e.g. Marston et al. 

2005; Sayre 2009; Herod 2011). Many scholars have built upon scale theory, and added to its 

intricacies, for instance the relational theory of scale, which suggests that scales are organised not by 

set levels, but by the relations between levels (e.g. Brenner 1998; Howitt 1998). 
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The use of scale in physical and natural sciences 

²ƛǘƘƛƴ ǘƘŜ ōƛƻǇƘȅǎƛŎŀƭ ǎŎƛŜƴŎŜǎΣ ǘƘŜ ǘŜǊƳ ΨǎŎŀƭŜΩ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǊŜŦŜǊ ǘƻ ǘƘŜ ΨƻǇŜǊŀǘƛƻƴŀƭ ǎŎŀƭŜΩΣ 

which describes the phenomenon being studied or the scale at which a process operates. It is also 

used to refer to the way in which a process or phenomenon is observed ς ǘƘŜ ΨƻōǎŜǊǾŀǘƛƻƴŀƭ ǎŎŀƭŜΩ 

(Sayre 2005).  

The operational scale refers to the scale at which a process or phenomenon operates, for instance 

its temporal and/or spatial range and magnitude (Sayre 2009; Reed and Brunyeel 2010). For 

example, the Coriolis Force has an ontologically real level on the operational scale, as it affects the 

way that low pressure weather systems rotate in the northern and southern hemispheres, but does 

not (contrary to popular belief) influence lower level processes such as the way that the water spins 

down a drain (Sayre 2009; Shakur 2014), which is controlled by factors such as basin design and the 

direction of water flow. However, the operational scale of other processes can span across several 

different spatial and temporal levels. The process of climate change through the build-up of GHGs 

operates at a global level. It is contributed to by processes at lower spatial levels such as 

deforestation, population dynamics and resource use, and impacts conditions across a variety of 

spatial and temporal levels, such as changing weather patterns, seasonal variation, and long-term 

temperature trends (Wilbanks and Kates 1999). As these processes do not operate at a single spatial 

or temporal level, they cannot be defined as having a single operational level or scale. In fact, 

McMaster and Sheppard (2004) argue that, in some cases, a process has no specific operational 

scale, and so the operational scale by which the process is defined is still socially constructed. 

Dungan et al. (2002) argue that not only should the physical structure of the system be considered, 

but that the processes that act upon the system should also be included, for instance those that 

occur at higher spatial levels, as they can form the context and constraints of the system in focus. 

This is examined in greater depth in the discussion of Hierarchy Theory (3.2.2). 

The observational scale of a study incorporates both the spatial extent of the study, for instance 

whether it encapsulates a wide landscape or focuses on a single organism, and the resolution of the 

study, i.e. the level of detail that is captured. Typically, studies that have a wider spatial extent 

όΨƭŀǊƎŜ-ǎŎŀƭŜΩύ ǘŜƴŘ ǘƻ ƘŀǾŜ ŀ ƭƻǿŜǊ ǊŜǎƻƭǳǘƛƻƴΣ ǿƘƛƭŜ ΨǎƳŀƭƭ-ǎŎŀƭŜΩ ǎǘǳŘƛŜǎ ƻŦǘŜƴ ƘŀǾŜ ŀ ƘƛƎƘŜǊ 

resolution. The observational scale can also include the temporal extent and resolution of the study, 

for instance whether the study incorporates days, years, or millennia, and the density of sampling 

points across the time period (Goodchild 2011). It is important to choose an observational scale that 

is appropriate for the variable being measured, but the choice of observational scale can influence 

the results and conclusions drawn from the study. This is because the scale of sampling and analysis 

can affect the patterns that are observed or not observed within the data (Lam 2004; Sayre 2009). 
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This can be seen in models designed to predict the potential impact of climate change on agricultural 

productivity. At a global level, there does not appear to be a significant impact on overall 

productivity, as losses in some areas are offset by improving conditions in other areas, and the CO2 

fertilisation effect. However, studies at regional levels indicate that the impact of climate change on 

agriculture may be most severe for the most vulnerable populations, such as migrant workers, 

pastoralists, small holders and wage labourers (Wilbanks and Kates 1999). This reveals that the social 

and economic impacts appear more severe and unequitable when assessed at a lower spatial level. 

Research over a larger spatial level can reveal processes of interdependence that may not be evident 

on smaller spatial levels, but result in generalisations in the data, which can cause smaller, complex 

processes to be obscured (Turner 1989; Turner et al. 1990; Cash and Moser 2000). On the other 

hand, studies at lower levels on the spatial scale can illuminate the way in which global processes 

influence, or manifest in, a specific locality. Walsh et al. (2004) suggest that research into human-

environment interactions, for instance climate change impacts and adaptation, should include 

several observational levels, due to the different levels upon which different processes operate. 

Furthermore, if research focuses specifically on processes operating at a single level, the analysis and 

results may overstate the importance of the processes, phenomena and actors operating at this 

level, while relevant processes that occur on different spatial or temporal levels may be missed (see 

also Wilbanks and Kates 1999). There is further examination of multi-level approaches in the 

discussion of the Hierarchy Theory (3.2.2).  

The use of scale in archaeology 

The concept of scale is not widely discussed in archaeological research, and although some scholars 

have addressed the issue, the focus remains on the observational scale (i.e. the appropriate scales to 

use in research projects) or the cartographic use of the term, rather than the operational scale (i.e. 

the scales of the processes that created the archaeological resource) (Lock and Molyneaux 2006b). 

This is surprising as, in accepting that scale is a social construct, it is also accepted that past societies 

may have constructed scales and scale relations differently compared to present societies (Lock and 

Molyneaux 2006a, b). Fairclough (2006) explores a wide range of scales in the context of 

archaeology, including spatial, temporal, and cartographic scales, scales of perception, use, 

objectives and application. However, these are concerned only with the observational scales, and 

still do not address the operational scales of the creation or development of the archaeological 

record. 

Many archaeological research projects do not explicitly discuss the scale they have chosen or the 

reasons behind the choice. Those that dƻ ƎŜƴŜǊŀƭƭȅ ǳǎŜ ΨǎŎŀƭŜΩ ǘƻ ƳŜŀƴ ǘƘŜ ǎǇŀǘƛŀƭ ŜȄǘŜƴǘΣ ǊŜǎƻƭǳǘƛƻƴ  

or scope of the subject matter, often interchangeably (e.g. Barker et al. 1997; Panich and Schneider 
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2015; Picornell-Gelabert and Servera-Vives 2017). When mentioned within the methodology of a 

ǊŜǇƻǊǘΣ ΨǎŎŀƭŜΩ ƛǎ Ƴŀƛƴƭȅ ǳǎŜŘ ǘƻ ǊŜŦŜǊ ǘƻ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻƴ ŀ ǎǇŜŎƛŦƛŎ όǳǎǳŀƭƭȅ ǎǇŀǘƛŀƭύ ǎŎŀƭŜ όŜΦƎΦ [ƛƴǎŜ 

1993; Bevan and Conolly 2004; Olson et al. 2013). Stein (1993) states that the scale used in research 

is often dictated by the discipline within which the research takes place, and that scale is considered 

άǘǿƛŎŜ ǿƘƛƭŜ ŎƻƴŘǳŎǘƛƴƎ ώŀǊŎƘŀŜƻƭƻƎƛŎŀƭϐ ǊŜǎŜŀǊŎƘΤ ƻƴŎŜ ǿƘƛƭŜ ŘŜǎŎǊƛōƛƴƎ Řŀǘŀ ŀƴŘ ŀƎŀƛƴ ǿƘƛƭŜ 

ƛƴǘŜǊǇǊŜǘƛƴƎ ŘŀǘŀΦέ όǇΦмύΦ ¢Ƙƛǎ ŘƻŜǎ ƴƻǘ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǎŎŀƭŜ ǿƘŜƴ ŘŜŎƛŘƛƴƎ ǿƘŀǘ 

data to collect. This corroborates with a point made by Harris (2006), that researchers often choose 

a level and scale of study unconsciously or unquestioningly. 

The importance of defining scale  

It is important to explicitly mention scale in the explanation of the conceptual framework, as the 

scale of observation influences the results of the research project. A focus on the spatial or 

jurisdictional scales may not accommodate the cultural factors influencing the vulnerability of a 

community, while projects using a temporal scale of observation may focus on processes occurring 

in the short, medium, and long term, but neglect to notice processes or impacts occurring at a higher 

or lower spatial level. Not only does the resolution and spatial extent of the study influence results, 

but the choice of scale can also affect the way that research is planned, the methods used, the way 

that data is interpreted, and therefore the conclusions drawn (Lam 2004). It is therefore important 

to explicitly consider, and justify, the choice of scale of a research project. To address the 

aforementioned issues, this project uses the methodological framework of Hierarchy Theory to 

define the scale of the research. Hierarchy Theory provides a framework for simplifying systems for 

study, and can facilitate the acknowledgement of higher and lower level processes than the object of 

focus, while reducing the complexity of the entire system to a more manageable state (Wu 1999; 

McMaster and Sheppard 2004). 

¢ƘŜǊŜ ŀǊŜ ŀ ƳǳƭǘƛǘǳŘŜ ƻŦ ƳŜŀƴƛƴƎǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ΨǎŎŀƭŜΩΣ ǿƘƛŎƘ Ƙŀǎ ƭŜŘ ǘƻ ŎƻƴŦƭƛŎǘƛƴƎ ǳǎŜǎ ŀƴŘ 

confusion between, and even within, disciplines (McCarthy 2005; Sayre 2009). Several conceptual 

papers have aimed to clarify the meaning of scale, and the correct terminology that should be used 

(see Dungan et al. 2002; Cash et al. 2006). As a common term within both academic and lay 

language, a strict definition may be difficult to establish. However, it is important for research papers 

to explicitly establish the definition of scale that they use throughout, as well as the observational 

scale of the study. 

Many issues that occur as a result of scale are often related to scale mismatches. Scale mismatches 

occur when the levels on the operational scale of a phenomenon or process do not align with the 

levels on the institutional or jurisdictional scale that aims to control it. Coastal erosion is increasing 
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as a result of global climate change, and vulnerability to coastal erosion is increasing due to 

population growth and increased habitation of marginal areas. However, agencies tasked with 

addressing the risk of coastal erosion are often local or county councils, which have neither the 

resources nor the authority to address the driving forces of the problem (Wilbanks and Kates 1999). 

This is known as an institutional fit problem (Cash and Moser 2000). There are also scale discordance 

problems, in which the levels on the scale of assessment and knowledge creation do not match up 

with the levels on the scale of the management system. For instance, climate change projections are 

generally being undertaken on a global level, and for decadal time periods, due to the resolution of 

available climate models. However, adaptation to climate change is undertaken at the local level, 

and is often focussed on shorter-term, incremental changes. The spatial and temporal levels at 

which the knowledge is required are not the levels at which new knowledge is being created 

(Wilbanks and Kates 1999; Cash and Moser 2000). As a result, many of the difficulties faced by 

policymakers are caused by issues of scale. Scale discordance problems can be seen in the 

vulnerability assessment and management of cultural heritage. As explained in section 2.7, 

vulnerability assessments in archaeology are predominantly site-based, but cultural heritage and the 

processes of environmental change that threaten it are extensive and landscape-wide. Addressing 

the vulnerability of each individual site may highlight only the environmental processes affecting 

extant archaeological features, and neglect to consider other processes that affect the wider 

landscape. 

3.2.2 Hierarchy Theory 

Hierarchy Theory is a framework often used in ecology, that clarifies and simplifies the interactions 

between phenomena and processes at different spatial and/or temporal levels (Wu 2013). It states 

that natural systems exist within hierarchical scales, and that the phenomena and processes at a 

chosen level (focal level) are influenced by both the level above, and the level below (Figure 3.2). 

The higher level provides the context in which the focal level exists, and imposes constraints upon 

any processes that occur therein, while the lower level provides mechanisms through which the 

focal level processes occur, as well as imposing bottom-up constraints (Allen and Starr 1982; Cash 

and Moser 2000; Sayre 2005, 2009). As well as the vertical structure, Hierarchy Theory suggests that 

natural systems have a horizontal structure composed of holons (from the Greek holos, for whole, 

and on, meaning part) (McMaster and Sheppard 2004). Holons are individual entities which, 

combined, form part of the level above, but act as single entities with respect to lower levels (ibid.). 

For example, each archaeological site is a holon on the site level. Each site is made up of several 

contexts at a lower spatial level, but collectively these sites form part of a higher level, the regional 

archaeological resource. 
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The incorporation of more levels within the scope of a research project can provide a greater 

comprehension of the processes at work. For example, understanding precipitation patterns 

requires an understanding of large-scale, long-term climatic processes, as well as local-level 

topography (Cash and Moser 2000).  Sayre (2009) argues that acknowledging processes and 

phenomena at a higher level can illuminate patterns and processes that would not have been 

evident if the attention remained on the focal level alone. The use of Hierarchy Theory to structure 

this research addresses the issue mentioned in 3.2.1, that the choice of observational scale can 

influence the results of a study.   

Some criticisms of Hierarchy Theory include the argument that it oversimplifies interactions between 

processes at different levels, as processes occurring at lower levels may not necessarily nest neatly 

within higher levels of the hierarchy (Wu 1999; Sayre 2005). Furthermore, it assumes that all the 

relevant processes and phenomena can be clearly divided into spatial or temporal levels (McMaster 

and Sheppard 2004). These criticisms are particularly salient for social processes, as political, social 

and economic institutions can be created and altered more easily than biophysical processes (Sayre 

2005). Cumming (2016) also states that hierarchical models imply that ecological interactions only 

occur between levels adjacent to one another, and can therefore obscure interactions between 

lower and higher levels. 

Hierarchy Theory was used in this research despite these limitations, as the structure it provides 

facilitates the study of archaeological sites as they exist within Landscape Character Areas (LCAs) and 

Figure 3.2. Representation of relationships between levels in a system, as described by 

the Hierarchy Theory. Diagram developed from that of Darin Jensen. Source: Sayre 

2009. 
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the historic landscape as a whole. Moreover, for this project the processes occurring at the lower 

levels (in archaeological sites) do nest within the higher spatial levels (LCAs and historic landscape), 

as the LCAs were defined in part from the nature of the sites within them (see Chapter 6). Finally, 

although the LCAs are socially constructed (and therefore epistemological rather than ontological), 

they remain at a spatial level between that of archaeological sites and that of historic landscapes. 

Therefore, Hierarchy Theory is an appropriate scalar framework by which to structure the 

approaches used in this thesis. 

In this research, the focal level is the LCA, as defined by Historic Landscape Characterisation (HLC) 

(Chapter 6). The upper level is the study area as a whole, and the lower level is the archaeological 

sites and features within the landscape that characterise each LCA (see Figure 3.2). Each LCA is a 

holon which influences the overall character of the study area. The spatial scale was chosen over the 

jurisdictional, cultural or sectoral scales as the most appropriate for this study, as the processes 

resulting from climate change cannot be defined by jurisdictional, cultural or sectoral boundaries.  

However, there is a cultural element interwoven into the subject matter: although the upper level 

(the Dysynni valley landscape) and lower level (archaeological sites) used within this project can be 

ŎƻƴǎƛŘŜǊŜŘ ƻƴǘƻƭƻƎƛŎŀƭƭȅ ΨǊŜŀƭΩΣ ǘƘŜƛǊ ƭƛƳƛǘǎ ŀǊŜ ǇǊƻŘǳŎŜŘ ǘƘǊƻǳƎƘ ŘƛǎŎƛǇƭƛƴŀǊȅ ŎƻƴǾŜƴǘƛƻƴǎ ŀƴŘ 

traditions, and decisions taken by heritage managers. Furthermore, LCAs were defined spatially 

within this project, even though the methods for doing so are based on a subjective interpretation of 

their historical attributes. Delineating the extent of this study as spatial is therefore more 

appropriate, as the subjects of research are fixed entities, despite being socially constructed. It is 

acknowledged that the outcomes of this research may be most useful for heritage management 

purposes if the focus was on the jurisdictional scale. However, it is recognised that the management 

of natural systems is more effective when a holistic, integrated approach is taken. This is because 

natural systems and phenomena such as river catchments, flood plains and climate change do not fit 

into political borders (Termeer et al. 2010). The current accepted approach to coastal management 

is organised by sediment cells and sub-cells (a length of coastline in which coarse sediment input, 

output and processes are mainly self-contained) rather than by administrative boundaries (Motyka 

and Brampton 1993; Defra 2006; SCOPAC 2019). Therefore, precedent exists for using scales in 

management that do not directly fit the jurisdictional scale.  

3.2.3 The Historic Landscape 

The historic landscape is central to the approach taken in this thesis with regards to conceptualising 

the archaeology and cultural heritage of the study area. The underpinning philosophy is that the 

historic landscape is not a physical object or defined geographical area, but ǊŀǘƘŜǊ ƛǘ ƛǎ άŀƴ ŀǊǘŜŦŀŎǘ ƻŦ 

past land-ǳǎŜΣ ǎƻŎƛŀƭ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǇƻƭƛǘƛŎŀƭ ŘŜŎƛǎƛƻƴǎέ όCŀƛǊŎƭƻǳƎƘ et al. 2002, p.70). This philosophy 
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is based on the idea that present-day landscapes are the result of human decisions and activities in 

the past, such as agricultural regimes, urbanisation, woodland management, field boundary 

morphologies, patterns of land ownership, and mineral extraction (e.g. Fairclough et al. 2002; 

Fairclough 2003a, 2003b, 2006). As the historic landscape is a social construct, it is subjective and 

dynamic, as the relationship between the area and the humans within it changes (Fairclough 2003b; 

Fairclough 2006a). This idea challenges the common view that landscapes that have been 

significantly modified by human activity, particularly in the past few decades, are not as valuable as 

those that remain relatively unchanged since the Middle Ages or prehistory (Fairclough 2003b; 

Bradley et al. 2004). The changes that occurred in the late-20th century, for instance the expansion of 

urban areas and infrastructure, are seen by many to have had a negative impact on landscapes 

(Natural England 2010). Moreover, aspects of the cultural landscape such as traditional practices and 

non-modern ways of life are often romanticised through an idea that there was once a harmony 

between nature and culture that no-longer exists (Fairclough 2003b, p.31). Fairclough (2003b) 

argues that this gives value only to antiquated land-use practices and ancient remains within the 

landscape, and devalues modern practices and evidence of more recent land-use. In contrast, the 

historic landscape concept does not consider the 20th-century impacts as negative, but rather as 

another episode of historical activity which adds another layer of historicity to landscapes (Bradley 

et al. 2004). This thesis employs this theoretical standpoint because it does not exclude any 

elements of cultural influence on landscapes, from Bronze Age cairns to 20th-century military 

remains, when assessing the historic nature of the area and evaluating conservation approaches.  

The historic landscape is spatially continuous and thus recognises the presence of humans in the 

landscape around their settlements and monuments during the past, rather than isolating 

archaeological sites from their surroundings (Clark et al. 2004). It also considers sites to be 

meaningful as they exist within the context of the landscape, rather than their importance and 

meaning being separate from the landscape. Therefore, this thesis and the framework developed 

within it consider the impact of climate change on the historic landscape comprising the sites within 

it, rather than on the archaeological and historical sites of a landscape in isolation.  

3.2.4 Sustainability  

The third research aim of this thesis is shaped by the concept of sustainability, namely the potential 

options for the sustainable management of the historic environment under scenarios of climate 

ŎƘŀƴƎŜΦ Ψ{ǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƛǎ ŎƻƴŎŜǇǘǳŀƭƛǎŜŘ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǿŀȅǎ ōȅ ŘƛŦŦŜǊŜƴǘ ǎŎƘƻƭŀǊǎ ŀƴŘ ǿƛǘƘƛƴ 

different disciplines, so no single definition or conceptualisation of sustainability can be applied to all 

situations (Heinen 1994; White 2013). The definition used in this thesis is that sustainability is the 

consideration, use and safeguarding of environmental, social and economic systems in a way that is 
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equitable across both present and future generations (see Brundtland and Khalid 1987; Bell and 

Morse 2008; Stocker et al. 2012; Sabaté and Warren 2015; Sánchez-Arcilla et al. 2016).  

Sustainability is considered by some to be a wicked problem (e.g. Norton 2005), defined by 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǎǳŎƘ ŀǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ƴƻ ΨǘǊǳŜΩ ƻǊ ΨŦŀƭǎŜΩ ǎƻƭǳǘƛƻƴǎΣ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ŘƛŦŦŜǊŜƴǘ 

stakeholders may have different understandings of the problem and potential solutions, and that 

there is no stopping rule, meaning that the problem is never fully solved, only managed (Rittel and 

Webber 1973). Furthermore, climate change is defined as a super wicked problem (see Levin et al. 

2009), because as well as the other wicked problem characteristics, it also is time-critical, there is no 

central authority to its management, and those seeking to solve the problem are also those causing 

it (Levin et al. 2012). 

In aiming for a wicked problem solution to the impacts of a super wicked problem, there may not be 

one single best solution, or any management approaches that are able to satisfy all the criteria of 

sustainability. However, explicitly approaching the issue of coastal landscape heritage management 

through the lens of sustainability in this thesis ensuǊŜǎ ǘƘŀǘ ǘƘŜ ǘƘǊŜŜ ΨǇƛƭƭŀǊǎΩ όŜƴǾƛǊƻƴƳŜƴǘΣ ǎƻŎƛŜǘȅ 

and economy), and intra- and inter-generational equality are all consciously considered. 

There are several criticisms of the idea of sustainability, for instance the idea that economic growth 

is necessary for both environmental protection and sustainability. This is based on the current 

neoliberal economic world view, that economic growth will lead to more equality and prosperity 

worldwide (Mitcham 1995). It also assumes a western perspective of anthropocentrism and conflict 

between societal needs and environmental needs (Parodi 2015). The dominance of this western 

ǇŜǊǎǇŜŎǘƛǾŜ Ŏŀƴ ƘƛƴŘŜǊ ǘƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇƻƭƛŎƛŜǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΣ ŀǎ ΨƴŜŜŘǎΩ Ƴŀȅ 

be construed differently by different societies and cultures. Therefore, the policies and ideas 

outlined in sustainability policy and strategy (e.g. Brundtland Report, Brundtland and Khalid 1987) 

Ƴŀȅ ƴƻǘ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ǘƘŜ ƘǳƳŀƴ ΨƴŜŜŘǎΩ ƛƴ Ƴŀƴȅ ǊŜƎƛƻƴǎ όYƻǇŦƳǸƭƭŜǊ нлмрύΦ !ƭǘƘƻǳƎƘ ǘƘƛǎ ǘƘŜǎƛǎΣ 

and the vulnerability framework developed within it, are based on the concept of sustainability, it is 

important for these criticisms to be acknowledged. In order to address the western-centric 

limitation, efforts were made to ensure that the methodology and framework developed in this 

thesis is sufficiently customisable so that they can be adjusted for different environmental, social, 

economic and political conditions that influence the way that historic landscapes and cultural 

heritage are understood, perceived and managed.  

3.2.5 Summary 

This section discussed the three main conceptual elements of the methodological approach that 

underpins this research. These elements are interconnected in a number of ways, for instance the 
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use of the historic landscape concept requires the scale and levels of cultural heritage to be altered 

from information levels within spatially explicit sites, to features within spatially continuous 

landscape character areas. Even though the higher spatial level (landscape) may be the same, the 

organisation of archaeology into lower levels is different. Studies that make such changes to the way 

that archaeology is organised and perceived within their research must be explicit in their reasoning 

and new scalar framework, in order to avoid misunderstandings and misuse of their data and results. 

Sustainability relates to issues of scale, as by definition it requires the management of resources 

across three different institutional scales (economic, social, environmental), which are each 

organised with different jurisdictional and temporal levels. It also requires the consideration of 

various levels on the spatial scale, and both short-term and long-term resource use at various spatial 

and jurisdictional levels (local, regional, national, international/global). The pursuit of sustainability 

inevitably engenders issues of scale mismatch, so it is important to be cognizant of the complexity of 

scale issues in order to address them explicitly and effectively. 

Finally, sustainability is a crucial consideration when managing the historic landscape: a key element 

of the historic landscape is its time-depth and the fact it gives equal value to remains from all 

generations. Furthermore, the elements that characterise the historic landscape include the impacts 

of present and past economic systems and human action, as well as environmental processes. 

Employing the concept of sustainability in the management of historic landscapes is important to 

make sure all elements and temporal levels are considered.  

The methods, results and outputs of this thesis were informed by the conceptual and 

methodological approach outlined in this section. This was explored in detail in order to make the 

research process and conclusions of this study as transparent as possible. 

3.3 Overview of Methods 

This thesis used a mixed-methods approach, utilising both quantitative and qualitative data 

collection methods. The following section discusses and justifies the methodology with reference to 

how the chosen methods address each of the research aims. Detailed descriptions of each stage of 

the methodology are also presented in the relevant chapters. Following the introduction (Chapter 1), 

justification of research (Chapter 2), conceptual framework (Chapter 3), overview of the study area 

(Chapter 4), and landscape analysis (Chapter 5), the main body of the thesis is divided into three 

chapters, each of which is dedicated to one research aim (See Figure 1.4). The conceptual framework 

described above was instrumental in shaping the methods chosen for this thesis: HLC is based on the 

concept of the historic landscape. The concept of sustainability was addressed by creating a 
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sustainability assessment, which measured and compared different management approaches based 

on the factors needed to satisfy sustainability.   

3.3.1 Landscape Analysis and Characterisation 

The first research aim, addressed by Chapter 6, is the need to characterise the historic landscape of 

the study area, by analysing the known archaeological resource, identifying additional cultural 

heritage remains, and using the data generated to inform HLC.  

The known archaeological resource is defined as the records held in the National Monuments 

Record of Wales (NMRW) and the Historic Environment Record (HER) databases, any information 

held in archives such as The National Archives and The National Library of Wales (NLW), and the 

results of Level 1 surveys carried out by University of Sheffield Landscape MA students. These 

records formed the lower observational level within the Hierarchy Theory scalar framework 

employed in this research, as they influence the character of different areas of the historic 

landscape. Although the main focus of this thesis is on the historic landscape and landscape 

character areas, the level of archaeological features and sites is the most commonly used focal level 

within heritage management, so it was appropriate to include consideration of this spatial level. 

Additional cultural heritage remains were identified through the analysis of aerial photographs and 

the deployment of geophysical survey in areas with potential for sub-surface remains. The 

information collated and collected about the archaeological resource of the study area was 

combined with historic and modern maps to inform a HLC of the study area. This is a method of 

landscape analysis and interpretation, that represents the current landscape as the cumulative 

outcome of past human activities and identifies areas of similar historic character (see Chapter 6). 

Each area of similar character (LCA) is a holon at the focal level of the hierarchy theory as it applies 

to this thesis (see 3.2.3).  

3.3.2 Development of a Landscape Vulnerability Assessment tool 

Once the historic landscape has been characterised for the study area, the second research aim is to 

develop a methodology for assessing the vulnerability of the historic landscape to climate change 

and its associated impacts (see Chapter 7). This requires an exploration of climate change and sea-

level rise models for the coming century, and a review of other vulnerability assessment methods 

used in archaeology. Based on this review, the method chosen was a vulnerability index (VI). This 

review also showed that other vulnerability assessments used in archaeology predominantly 

ŎƻƴŎŜƴǘǊŀǘŜŘ ƻƴ ΨǎƛǘŜǎΩ ŀǎ ǘƘŜ ŦƻŎŀƭ ƭŜǾŜƭ ƻŦ ŀƴŀlysis. Therefore, in order to maintain the focus on the 

historic landscape rather than on individual features or sites, a new landscape-level VI was created. 

The VI methodology developed is then applied to the Dysynni valley study area. 
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The temporal extent of this study and the climate change impacts included is the 21st century 

because the vast majority of integrated model assessments within climate change research focus 

solely on this period, and the IPCC RCP emission scenarios also only encompass the 21st century 

(Meinshausen et al. 2011; Collins et al. 2013). The uncertainties inherent in climate models, future 

GHG emissions, and the reaction of the climate to radiative forcing means that the range of potential 

outcomes in the longer-term is so great as to be unhelpful to decision-makers. For instance, the IPCC 

models project anthropogenic radiative forcing between 0 and 12Wm-2 by 2300, which would result 

in global surface temperature change between +0 and +12.6°C, depending on the RCP (Collins et al. 

2013). Tackling a longer timeframe in this project would suffer from a lack of robust research into 

potential climatic changes and impacts and too wide a range of eventualities for usefully informing 

coastal or archaeological management (Hawkins et al. 2014). 

 Although trialled using the Dysynni valley study area, this VI is designed to be applicable to other 

landscapes, so that the overall Landscape Vulnerability Framework developed in this thesis can be 

replicated for other historic landscapes in the UK and beyond.  

3.3.3 Development of a Sustainability Assessment tool 

In response to the results of Chapter 7, which identifies the most vulnerable landscape character 

areas to climate change, the most suitable methods of managing the threat to cultural heritage must 

be assessed. Chapter 8 develops a tool that assesses both the sustainability of potential coastal 

management approaches, and the impact that they would have on the historic landscape. In order 

to incorporate the various elements of sustainability, the assessment tool chosen is a Multi-Attribute 

Value Theory (MAVT) method (see section 8.2). MAVT is a tool used for multi-criteria decision 

analysis, in which alternative options are compared based on various criteria, in relation to one or 

more objectives. This allows both quantitative and qualitative factors, and conflicting objectives, to 

be incorporated into the same assessment (Wang et al. 2009). Section 8.2 provides a justification of 

this choice of tool based on a review of the most commonly used sustainability assessment tools.  

This sustainability assessment tool was trialled on the Dysynni valley study area, by using it to 

compare the sustainability of the current management approaches along the coast with other 

sustainable coastal and landscape management options. Unlike traditional sustainability 

assessments, this tool was designed to include specific mention of cultural heritage and the historic 

landscape, alongside economic, social and environmental considerations.  
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3.4 Summary 

Overall, the aim of this thesis is to develop a framework (a Landscape Vulnerability Framework) for 

assessing the vulnerability of the historic landscape to climate change and identifying the most 

sustainable approach to managing the identified risk. This framework is designed to be applicable to 

coastal landscapes across the UK and beyond, and is also easily customisable for application to 

inland or other types of landscape.  

 The conceptual framework throughout the thesis is defined by the three concepts discussed above 

in 3.2: the explicit structuring of the subject into a hierarchical framework in order to clearly 

incorporate elements from all spatial levels; the conceptualisation of archaeological/cultural 

heritage as spatially continuous and layered across the landscape; and the need to include 

economic, social and environmental variables, and both inter- and intra-generational equity, in the 

management of the historic landscape. All three parts of the thesis, as discussed above, are 

underpinned by this conceptual approach. Ecological and environmental vulnerability assessments 

are often undertaken using a patch-matrix approach, rather than focusing on discrete points within a 

landscape (e.g. Thuiller et al. 2005; Berry et al. 2006; Vos et al. 2008). Using Hierarchy Theory and 

applying it to the historic landscape provides a way to recalibrate the scale of archaeological 

management and assessment so that it is more in line with other systems and the impacts of climate 

change. Furthermore, focussing on the idea of sustainability and including economic, social and 

environmental considerations makes this landscape vulnerability framework more compatible with 

the mainstream climate change impact and adaptation reports, in which archaeology and heritage 

get little mention (e.g. IPCC 2014a, b; ASC 2016; Defra 2018). 
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/ƘŀǇǘŜǊ п 
5ȅǎȅƴƴƛ ±ŀƭƭŜȅΣ DǿȅƴŜŘŘΥ ŀƴ ƛƴǘǊƻŘǳŎǘƛƻƴ 
ǘƻ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ 
4.1 Introduction 

The Dysynni valley historic landscape was chosen as a study area in order to trial and exemplify the 

framework being developed in this thesis. The Dysynni valley is a designated Landscape of Special 

Historic Importance in Cardigan Bay, in the county of Gwynedd, North Wales. The majority of the 

study area lies within the boundaries of Snowdonia National Park, with only the town of Tywyn lying 

outside the park. The extent of the study area for this thesis is outlined in Figure 4.1. This was 

defined by the Ordnance Survey national grid boundary for SH50 and SH60 to the north and east, 

the coastline to the west, and the Dyfi estuary and wetlands to the south and south east. This region 

has a long and rich history of human settlement, but most known archaeological sites in this 

landscape are confined to the upland areas. This is partly due to the disruption caused by centuries 

of agricultural activity in the lowlands, as well as a relative lack of archaeological survey in these 

areas. However, complex cropmarks, field boundary morphology and the location of find-spots 

indicate that there remains a wealth of archaeological information on the valley floor. Following a 

justification of the case study choice (4.1.1), this chapter reviews the current state of knowledge of 

the environment, history and archaeology of the study area and surrounding landscape. The 

geological and environmental background of the Dysynni valley are first discussed (4.2 and 4.3). 

Subsequently, the known archaeological information is detailed in chronological order, followed by 

information regarding the current research and management of the resource (4.4 and 4.5). Further 

research into archives and archaeological datasets were used to supplement this information in 

Chapter 5 as part of the landscape analysis. Figure 4.2 provides a map including the main sites of 

interest mentioned within this report.   

4.1.1 Case study choice  

The Dysynni valley was chosen as the study area for several reasons. In order to test the 

methodology on a full range of climate change impacts, the study area had to be vulnerable to 

climate change and there must also be accessible data about the natural and historic environment. 

The combination of low-lying valleys and steep slopes in west Wales allows the incorporation of 

many different climate change factors. Having a varied and dynamic coastline, including natural 

dune systems, saltmarsh, mudflats, both shingle and sand beaches, estuaries, and lagoons, means 
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that the framework developed can be tested on many different coastal systems. It was also 

important to have an area with a long history of human occupation, so that the results and 

framework generated could be meaningful for cultural heritage management. Other areas that could 

have been chosen for their vulnerability to climate change include the Holderness Coast, East Riding 

of Yorkshire, which is particularly vulnerable to coastal erosion, or The Fens in eastern England, 

which are vulnerable to sea-level rise. However, the topographic and biotypic variability in west 

Wales provides a greater insight into the way that different types of cultural heritage are vulnerable 

to climate change.  

The University of Sheffield Department of Archaeology was already undertaking archaeological 

survey in west Wales, in the Dysynni valley, including landscape and geophysical survey. This meant 

that the results of geophysical surveys undertaken in previous years but not yet published were 

available. It also meant that MA Landscape Archaeology students were available in the study area to 

help with geophysical surveys during the field season, allowing a greater area to be covered than 

would have been otherwise possible.   

As discussed below (4.3), the valley floor of the River Dysynni is low-lying and susceptible to 

flooding. Additionally, there are extremely steep areas which are susceptible to erosion and rockfall. 

Figure 4.1. Dysynni valley study area in Gwynedd, Wales. Copyright Maproom 2019 (left) 

and Google Maps 2019 (right) 
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Using this study area allows the Landscape Vulnerability Framework to be tested on several different 

environmental settings and topographies within the same landscape.  

Finally, the Dysynni valley is relatively rural and all land-use is extensive and low impact, so 

archaeological features from a range of periods are extant across the landscape. This facilitates the 

identification of historical elements and the characterisation of the historic landscape in Chapter 6. 

 

Figure 4.2: Locations in the Dysynni valley mentioned in this chapter on an Ordnance Survey Vector 

Map. Elevation is overlain on the map to indicate topography.  The brown lines indicate main 

roads, and the blue lines indicate waterways such as the River Dysynni, streams or drainage 

ditches. Crown copyright and database right 2019 Ordnance Survey 100025252 
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4.2 Geology 

4.2.1 Bedrock 

The bedrock geology in the Dysynni valley floor is dominated by sedimentary formations, mainly 

mudstone and mudstone mixes (see Figure 4.3). A ribbon of igneous formations, including felsic tuff, 

rhyolite and basalt, stretches inland from Morfa Gwyllt, although it has been divided by a fault plane. 

Sedimentary rocks are softer and more susceptible to coastal erosion than igneous rocks (National 

Grid for Learning 2008). The predominance of this type of geology indicates that the coastline in the 

study area may be at risk from coastal erosion.  

4.2.2 Superficial deposits  

Along the shoreline from the mouth of the Dysynni in the north, to the Dyfi Estuary in the south, is a 

band of coastal deposits (see Figure 4.4), including storm beach and tidal deposits, that extends 

inland south of Tywyn. This configuration of superficial deposits indicates that this area may have 

Figure 4.3. Bedrock Geology in the Dysynni valley from the British Geological Survey 

(DiGMapGB-50 2010). Geological Map Data BGS Copyright UKRI 2019. Crown 

copyright and database right 2019 Ordnance Survey 100025252  
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been in the intertidal zone or part of a delta system at some point during the Holocene (BGS 2019). 

Blown sand deposits also band the coastline, although do not stretch as far inland as the coastal, 

storm beach and tidal deposits (see Figure 4.4). 

The land from the coast at Broadwater, stretching inland along the Dysynni valley bottom to Castell y 

Bere, is dominated by alluvium and river terrace deposits, likely deposited by the river and estuary 

system during the Holocene (Thomas and Chiverrell 2003). Small areas to the north and south of 

Broadwater, and south of Tywyn, are formed of Devensian glacial till, which was deposited when 

glaciers in the valley melted at the end of the Devensian Glaciation (Entwhisle and Wildman 2010). 

In fact, the U-shaped nature of the Dysynni valley was likely created due to glacial erosion (Watson 

1962; Blundell et al. 1969; Snowdonia National Park Authority (SNPA) 2016).  There are also peat 

Figure 4.4. Superficial geological deposits in the Dysynni valley from the British Geological Survey (DiGMapGB-

50 2010). Geological Map Data BGS Copyright UKRI 2019. Crown copyright and database right 2019 Ordnance 

Survey 100025252  
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deposits located directly north and south of Tywyn and west of Bryncrug, while a larger deposit of 

peat stretches across the Dysynni Valley floor near Llanegryn (see Figure 4.4).  

To the northwest and southeast of Bryncrug is a large alluvial fan deposit, indicating that the River 

Fathew may have been much larger in the past. Smaller alluvial fan deposits can also be seen on the 

edge of the valley bottom further inland in the Dysynni Valley, near Craig yr Aderyn and Castell y 

Bere. The dominant superficial deposits around Castell y Bere are river terrace deposits (see Figure 

4.4), which indicates that there was a more extensive and dynamic river system in the Dysynni valley 

during the Holocene than at present (Griffiths et al. 2013).  

4.3 Environment 

The Dysynni estuary and surrounding coastline consists mainly of a low-lying coastal plain, while the 

Dysynni valley is a typical U-shaped valley, with a flat, wide valley floor and steep sides. The plain lies 

below 10m aOD (above Ordnance Datum) up to 10km inland along the river valley. As a result, the 

floodplain is vulnerable to storm surges, high rainfall events, and other flooding mechanisms. Prior 

to extensive drainage and land improvement schemes in the 18th and 19th centuries, much of the 

land in the valley was unproductive marshland (Smith 2004a; Frost 2012). This is indicated by the 

fact that there is an area of land north of Tywyn cŀƭƭŜŘ ΨaƻǊŦŀΩΣ ǿƘƛŎƘ ǘǊŀƴǎƭŀǘŜǎ ǘƻ ΨƳŀǊǎƘΩ ƻǊ 

ΨǎŀƭǘƳŀǊǎƘΩΣ ǿƘƛƭŜ tŜƴƭƭȅƴ ŦŀǊƳΣ ǎƻǳǘƘ ƻŦ ¢ȅǿȅƴΣ ǘǊŀƴǎƭŀǘŜǎ ǘƻ άƘŜŀŘ ƻŦ ǘƘŜ ƭŀƪŜέΦ ¢Ƙƛǎ ƭŀƪŜ Ŏŀƴ ōŜ 

seen on tithe maps from the mid-19th century.  

Other historical reference to past environmental change in the valley includes Craig yr Aderyn, or 

Ψ.ƛǊŘǎ wƻŎƪΩΣ ǿƘƛŎƘ ƛǎ ŀ Ƙƛƭƭ ǊƛǎƛƴƎ ŦǊƻƳ ǘƘŜ ǎƻǳǘƘ ǎƛŘŜ ƻŦ ǘƘŜ ǾŀƭƭŜȅ ŦƭƻƻǊΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 8km inland. 

Craig yr Aderyn is a Site of Special Scientific Interest (SSSI) as it houses the only regular inland 

breeding colony of cormorants in Wales (McInnes and Benstead 2013). It is suggested that Craig yr 

Aderyn was once closer to the coastline, which is why cormorants initially nested there, and that 

they continued to nest there despite the retreating shoreline (ibid.).  

Finally, there is a submerged forest and peat bed located in the intertidal zone of the coast of Borth, 

around 7km south of the study area (Godwin and Newton 1938). Radiocarbon dating of the peat 

deposits show that it dates to c.6000-4700 cal. BP (Wilks 1979). This shows that sea level was 

previously lower than at present, so palaeoenvironmental and archaeological evidence could be 

preserved within the submerged forest and peat beds. It is possible that the peat beds extend 

further north than the current known extent, and are covered by sand (Smith 2004a). This is 

supported by the presence of both well-humified peat and woody peat beneath Penllyn Farm, as 

shown by the results of coring undertaken by both the British Geological Survey (BGS) (Leng and 
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Pratt 1987) and by Caitlin Nagle (pers.comm.). However, any offshore peat beds at Tywyn may have 

been subject to an increase in erosion since the construction of the sea wall there in the 19th 

Century, and so may not remain extant.  

The study area is also considered important for biodiversity, and includes several Biodiversity Action 

Plan priority habitats such as saltmarsh, lagoons, mudflats, reedbeds, and the SSSI Broadwater (JNCC 

2016; SNPA 2016; Welsh Government 2016). Broadwater, the saltwater lagoon near the mouth of 

the River Dysynni and the surrounding dunes and marshland, is designated a SSSI due to the range of 

habitats it includes, and the plant and animal species it supports. There are several species of both 

breeding and wintering birds at Broadwater, such as Coot and Sedge Warbler (breeding) and 

Mallard, Teal and Wigeon (wintering) (Countryside Council for Wales (CCW) 1983; Natural Resources 

Wales (NRW) 2007; Vanstone et al. 2012). Rare plants, such as the Welsh mudwort, pyramidal 

orchid, autumn ladies tresses, and bur-marigold can also be found in this SSSI (NRW 2007). The 

Snowdonia National Park Authority (SNPA 2016) acknowledges the threat of climate change to these 

estuarine ecosystems, although the Park makes no mention of the potential archaeological and 

historical sites that could also be affected. The area encompassing the Dyfi Estuary and coastal dune 

system to the north also has several designations relating to its ecological status; it is a National 

Nature Reserve (NNR), an SSSI, a Ramsar wetland site, a Special Protection Area (SPA), and a 

UNESCO Biosphere Reserve 

Upland areas in the Dysynni valley are dominated by acid grassland, heath and bracken, and raised 

bog habitats, which are used for sheep grazing (SNPA 2014a). Few areas of natural woodland are 

supported, but large areas of the hills are used for conifer plantations for timber production (ibid.). 

In addition to forestry, the main land use in the study area is pastoral farming. Sheep farming is most 

common on the steep slopes and higher upland areas, and both sheep and cattle are farmed in the 

lowlands and on coastal grazing marsh (ibid.).  

4.4 Archaeological and Historical Background  

This section provides an overview of the state of research prior to the undertaking of this thesis. 

Aerial mapping and geophysical surveys have identified additional features in the study area, as 

detailed in Chapter 5. Further information on the features mentioned in this section is available in 

Appendix 1 Table Ap1.1. 

4.4.1 Mesolithic (10,000BC ς 4,000 BC) 

The main archaeological remains dating to the Mesolithic are the intertidal peats and submerged 

forest (see Figure 4.5), and the associated finds. These include a Mesolithic flint pick, flint flakes, and 
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an antler tool (Sambrook and Williams 1999, p. 26). There is also a high potential for Mesolithic 

artefacts or features to be preserved within the peat beds beneath Penllyn Farm, based on the high 

level of preservation of wood in cores from this area observed by Nagle (pers.comm.).  

4.4.2 Neolithic (4,000 BC ς 2,200 BC) 

Within the intertidal peats a hearth was recorded and dated to c.5900 cal. BP (Godwin and Willis 

1961; Heyworth 1985), indicating that the area may have continued to be in use during this period. 

Two Neolithic stone axes were discovered in 1871 300m south of Llanegryn (Frost 2012). Other than 

this, there is little known archaeological evidence dating to the Neolithic.  

 

 

 

 

 

 

 

 

 

 

4.4.3 Bronze Age (2,600 BC-700 BC) 

There is significantly more archaeological evidence of the Bronze Age in the study area and 

surrounding landscape than the Neolithic. For instance, there are several known Bronze Age 

standing stones, such as the Waun Fach stone near Llanegryn (Smith 2001). There are also several 

Bronze Age find-spots, including several bronze axes and spearheads (Smith 2005). The majority of 

these are found at higher altitudes in the hills surrounding the valley, for instance the cairn found at 

the highest peak of Craig yr Aderyn. However, a group of Early Bronze Age burials and burial urns 

were also discovered on the eastern edge of Tywyn, only 1.5km inland (Anwyl 1909, p.162).  

4.4.4 Iron Age (800 BC ς AD 43) 

There is a wealth of Iron Age evidence in and around the study area, primarily in the form of hillforts. 

For instance, there are two Iron Age hillforts located on the southwest slope of Tal y Garreg, a hill on 

Figure 4.5: Tree stump preserved amongst the submerged forest bed dating to at least 

5400-3900 cal. BP (Sambrook and Williams 1996) 
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the north side of the Dysynni valley (Smith 2008). There is also an Iron Age stone-walled hillfort on 

Craig yr Aderyn, at 233m aOD, with extensive views along the Dysynni valley (ibid.). Several 

enclosures have been identified as cropmarks in aerial photographs near Bryncrug, and are thought 

to date to later prehistory (Wiles 2007a).  

4.4.5 Roman (AD 43 ς AD 410) 

There are several find-spots of Roman artefacts in or around the study area; pottery, a plumb bob 

and part of a lead bar all thought to be Roman were discovered during an excavation on Craig yr 

Aderyn during the 19th Century (Ffoulkes 1874, cited in Driver 2013). Roman coins have also been 

found in six findspots, according to Guest and Wells (2007). One of these was a single find, three 

were group finds, and two were hoards (ibid.). One of the group finds, from the well of Castell y 

Bere, indicates that the site was used prior to the construction of the medieval castle. There are also 

the remains of a Roman fort in a strategic position overlooking the Dyfi Valley at Cefn Caer, slightly 

east of the study area (SNPA 2016). There is evidence of a Roman road running from the coast near 

Llwyngwril towards the northeast along the south side of the Mawddach Estuary (Bowen and 

Gresham 1967). Bowen and Gresham (1967) also posit that there may have been a Roman road 

connecting the fort at Cefn Caer to the road at Llwyngwril, either directly over the hills and past 

Castell y Bere, or in the lowlands along the coast and crossing the Dysynni at Domen Dreiniog (see 

4.4.7). This combination of evidence indicates that there was undoubtedly activity in the study area 

during the Roman period. 

4.4.6 Early medieval (AD 410- AD 1066) 

There is a significant amount of archaeological and historical evidence dating to the early medieval 

period within the study area. Several inscribed stones have been found in or near Tywyn, including 

Croes Faen and the Pascentius Stone dating to the 5th-7th centuries (Longley and Richards 1974). It is 

thought that St. Cadfans Church Stone, dating to the 9th century, is the earliest documented instance 

of written Welsh, which makes it very valuable for the study of early Welsh history and the history of 

the Welsh language (Edwards 2013).  

Viking raids of Tywyn during the 960s and 970s AD were recorded in Brut y Tywysogion, a monastic 

chronicle documenting the 7th-14th centuries, a version of which is held within the Peniarth Estate 

Manuscripts collection. This suggests that there was a settlement or monastic community located at 

Tywyn that was large enough to be considered worth raiding (Longley and Richards 1974). 

A survey and excavation at Llanegryn undertaken ahead of the construction of a primary school 

revealed six hearths mainly dated to between the 8th-11th centuries (Cooke 2014). The hearths were 
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probably used for charcoal making, evidenced by the lack of any charred plant remains or any 

indication of industrial processes such as slag (ibid.). 

Cropmarks of several square features were identified in aerial photographs between Tywyn and 

Ynysmaengwyn. These features are thought to be an early medieval square barrow cemetery, and 

are located near the site of the Croes Faen stone (RCAHMW 2012a). 

4.4.7 Medieval (AD 1066 ς AD 1540) 

Two castles, Castell y Bere and Castell Cynfal, were constructed during the medieval period in the 

study area. Castell Cynfal, now a motte located on a ridge on the south side of the Dysynni valley, 

would also have included a timber castle (Beverly Smith and Beverly Smith 2001; Wiles 2007b). It is 

uncertain how far the castle or complex extended, and it was only in use for a short time; 

constructed by Cadwaladr ap Gruffudd ap Cynan in 1147, but captured and destroyed in the same 

year by his nephews Hywel and Cynan (Beverly Smith and Beverly Smith 2001; GAT 2017a).  

Like Castell Cynfal, Castell y Bere was also built by the Welsh, and was conquered and abandoned 

shortly after its construction in the 13th century. It is located near Llanfihangel-y-Pennant, and is 

situated on top of a natural mound of bedrock surrounded by flat pasture land (see Figure 4.6). The 

function of Castell y Bere is uncertain, for instance whether it was for military or administrative 

purposes (Beverly Smith and Beverley Smith 2001). Finds of Roman coins and pottery from the well 

within Castell y Bere suggest that the site was occupied prior to the construction of the castle 

(Bowen and Gresham 1967). There is documentary evidence dating to the late 13th century that 

suggests that a borough, or burgh, was constructed by royal charter near the castle (Morris 1901). 

However, there is no reference to the burgh in any historical document later than 1295, which has 

been attributed to the destruction and abandonment of the castle in 1294-5, and the assumed 

abandonment of the burgh (Lewis 1912; Taylor 1974). It has been suggested that the location of 

Castell y Bere indicates that the River Dysynni, currently narrow with a low discharge near the 

remains, may have been navigable during the medieval period, greatly increasing the access to trade 

routes from this site (Smith 2004a). 

Llanegryn Parish Church of St Egryn and St Mary was also constructed in the 13th century, and was 

referenced in a document dating to 1254 (Beverly Smith and Beverly Smith 2001; Frost 2012). An 

earlier pillar with an incised cross was built into the south wall of the church, and the building was 

extended during the 19th century (Beverly Smith and Beverly Smith 2001). The church therefore 

incorporates architectural styles and cultural heritage from several historical periods. 
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During the medieval period, land in Wales was divided into administrative areas called commotes, 

which were controlled by a central royal court, or llys (Cadw 1990). Talybont Castle Mound, also 

known as Domen Ddreiniog, is thought to have been associated with a llys. It is located at a former 

bridging point of the Dysynni, at a meander which would provide defence for the site (Frost 2012; 

GAT 2017b).  

 

4.4.8 Post-Medieval (AD 1540- AD 1901) 

Several large stately houses with estates were built in or near the study area. For instance the 

Peniarth Estate, now a Grade II listed building, was established in 1412 and enlarged in the 1700s. 

(Frost 2012). The Peniarth Estate Records and Manuscripts, now held in NLW, comprise 106 boxes 

and 547 manuscripts, and include documentary material from as early as 1362.  

The Ynysymaengwyn Estate, also constructed in the 15th century, was demolished in the 1960s after 

falling into disrepair (Frost 2012). Both the Peniarth and Ynysymaengwyn Estates invested in 

significant drainage and land improvement in the Dysynni valley in the 18th and 19th Centuries, to 

Figure 4.6. View from the ruins of Castell y Bere across the flat valley floor towards the coast. 

The Iron Age hillfort atop Craig yr Aderyn can be seen from here.  

Craig yr Aderyn Hillfort 
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turn the lowlands of the valley into productive farmland (Smith 2004a; Frost 2012). The previous 

nature of much of the Dysynni valley as wetland is indicated in placenames. For instance, Penllyn 

όΨƘŜŀŘ ƻŦ ǘƘŜ ƭŀƪŜΩύ CŀǊƳ ƛǎ ƴƻ ƭƻƴƎŜǊ ǎƛǘǳŀǘŜŘ ƴŜŀǊ ŀƴȅ ƭŀǊƎŜ ǿŀǘŜǊ ōƻŘȅΣ ǿƘƛƭŜ ǘƘŜ Dƭŀƴ ȅ aƻǊŦŀ 

όΨƴŜȄǘ ǘƻ Ŏƻŀǎǘŀƭ ƳŀǊǎƘΩύ .ŀŎƘ ŀƴŘ aŀǿǊ ŦŀǊƳǎΣ ŀǊŜ ƭƻŎŀǘŜŘ пΦрƪƳ ƛƴƭŀƴŘΣ ŀƴŘ нΦуƪƳ ŦǊƻƳ 

Broadwater, the nearest large wetland area. Gwynedd Archaeological Trust (GAT 2017c) speculate 

that Ynysymaengwyn would have been within the tidal reach of the Dysynni prior to this land 

improvement, which would have provided greater access to communication and trade routes.   

There are numerous sites in the hills surrounding the Dysynni valley lowlands related to industrial 

activity, including quarries, mines, and related buildings. It is likely that these were important for 

transporting resources during the Industrial period (SNPA 2016). Talyllyn Railway is a narrow-gauge 

railway established in 1865 to carry slate from the Bryneglwys quarries by Nant Gwernol Station, 

Abergynolwyn to the standard-gauge railway at Tywyn (GAT 2017d). The development of this railway 

for goods transportation indicates that the resources sourced in the study area were important for 

regional development. The railway was the first narrow-gauge railway in Britain to carry passengers 

by steam, and remains open as a tourist attraction (ibid.). 

4.4.9 Contemporary (AD 1901-present)  

During the 20th Century there was significant military activity in the study area, particularly during 

the Second World War. Practice trenches and a rifle range can be found near Tywyn, with more 

practice trenches further up the coast near Barmouth (Kenney and Hopewell 2015). Near the coast 

Figure 4.7. Two of the line of Second World War pillboxes between Tywyn and Aberdyfi 
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between the Dysynni and Mawddach estuaries is a Prisoner of War camp also dating to the Second 

World War (ibid.). The remains of an RAF airfield and camp and 12 known air crash sites are located 

in the valley, and a line of pillboxes stretch along the coast to the south of Tywyn (see Figure 4.7) 

(GAT 2012; Steele 2012; Kenney and Hopewell 2015). Evidently, this area is important for the 

archaeological study of the Second World War, and much of the archaeological remains for this 

period are located in the coastal or intertidal zone, increasing their exposure to climate change.  

4.5 Archaeology and Cultural Heritage Management 

4.5.1 Organisations with jurisdiction 

The majority of the heritage management in the Dysynni landscape is led and undertaken by four 

organisations; Cadw, Gwynedd Archaeological Trust (GAT), SNPA, and the Royal Commission on the 

Ancient and Historical Monuments of Wales (RCAHMW). Other than Tywyn, the study area lies 

within Snowdonia National Park, and is therefore under the jurisdiction of the SNPA. This is a central 

planning authority made of representatives from local and Welsh governments. Any consent or 

planning permission for listed buildings within Snowdonia must be sought from SNPA rather than 

Gwynedd Council. 

Cadw is the historic environment service of the Welsh Government. They maintain and protect 

heritage assets including landscapes, archaeological sites, and historic buildings, and make them 

accessible to members of the public. They are also responsible for the designation of heritage assets 

such as scheduled monuments, listed buildings and conservation areas, which provide statutory 

protection. In Wales, county archaeological trusts exist to provide archaeological and heritage 

services such as research, excavation, survey, publishing reports, and education. For the Dysynni 

valley, GAT provides this service. GAT undertakes archaeological research commissioned by other 

organisations, for instance archaeological desk-based assessments (DBAs) for development projects 

(see Smith 2004a; Meek 2015), research projects funded by Cadw (see Longley and Richards 1999; 

Davidson et al. 2002; Kenney and Hopewell 2015), and conservation area appraisals for SNPA (see 

Davidson 2011). 

GAT also curates the HER, a comprehensive database supported by geographic information system 

(GIS) mapping, which contains information on historical and archaeological sites, monuments, 

buildings, and landscapes. It facilitates data sharing between organisations and is dynamic, meaning 

new information can be added to the record. Another database of heritage assets is the NMRW, 

which is curated by the RCAHMW. RCAHMW is a government-sponsored body which creates, 
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curates and provides archaeological information for governmental decision-makers, researchers and 

the public. 

4.5.2 Recent research 

Several of the research projects carried out in the Dysynni valley and surrounding region have been 

funded or commissioned by Cadw. The main aim of these projects has been to compile accurate 

records of different types of archaeological remains in the Dysynni valley and wider area, such as 

early medieval burial and ecclesiastical sites (Longley and Richards 1999; Davidson et al. 2002), 

medieval and post-medieval agricultural features (Kenney 2014), military aircraft crash sites (GAT 

2012; Steele 2012), military landscapes (Kenney and Hopewell 2015), and slate industry transport 

routes (Davidson and Gwyn 2014).  

There has also been a number of commercial archaeological assessments and surveys, for instance 

for development projects such as a new primary school (Roseveare 2012; Wessex Archaeology 2012, 

2014), a residential development in Tywyn (Smith 2013), a solar farm (Meek 2015), and a multi-user 

path between Tywyn and Bryncrug (Knight 2011; Blackburn 2011). In the DBAs for the latter 

example, Knight (2011) recommended that strip, map and sample excavations should be undertaken 

at several known features near Croes Faen, such as the Croes Faen standing stone, and the Croes 

Faen square barrow cemetery cropmarks. However, these were not undertaken due to heavy snow, 

which created unfavourable working conditions (Blackburn 2011). The construction went ahead 

without the strip, map and sample excavations, rather than delaying the development until more 

suitable conditions permitted the investigations to be undertaken. In this case the development 

time-line was prioritised over the potential archaeology in the area, and an opportunity to further 

the understanding of the archaeological record in the study area was potentially lost. 

There have been a few sensitivity or threat-related assessments undertaken in north west Wales. 

SNPA carried out a sensitivity analysis of each of the landscape blocks in Snowdonia, which focussed 

on threats to the character of the landscape such as wind energy developments, mobile masts and 

caravan parks (SNPA 2014b). This assessment determined that the Dysynni valley landform, skylines 

and key views, scenic quality, character, and tranquillity had high sensitivity to wind energy 

developments, mobile masts and static caravan or chalet parks. 

At a much larger spatial level, the CHERISH (Climate, Heritage and Environment of Reefs, Islands and 

Headlands) Project is assessing the potential impacts of climate change on coastal cultural heritage 

in Wales and Ireland. This five-year project (2017-2021) is funded by the EU through the Ireland 

Wales Co-operation Programme, and is led in partnership by the RCAHMW, the Discovery 

Programme Ireland, Aberystwyth University, and Geological Survey Ireland (RCAHMW 2018). Case 
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study areas in both Ireland and Wales have been chosen for detailed survey, mapping and 

monitoring. Detailed data of key heritage assets will provide a baseline for monitoring future rates of 

erosion (CHERISH 2018). One of the case study areas is Ynyslas National Nature Reserve, on the 

southern edge of the Dyfi estuary, but none of the work CHERISH is undertaking currently is directly 

related to the Dysynni valley and coastline (ibid.). However, the wider conclusions of the project may 

influence management decisions about coastal heritage in the future.  

The RCAHMW also funded the Uplands Archaeology Initiative, or the Welsh Uplands Initiative, a 

project that promoted the survey of upland areas across Wales in order to identify new sites and 

enhance the databases of known sites (Hughes 2003). 

4.6 Environmental Management  

This section provides a brief overview of the environmental, coastal and flood-risk management in 

the Dysynni valley. A more in-depth discussion can be found in section 8.3. As a low-lying coastal 

area, the Dysynni valley has long been prone to waterlogging and flooding. The Dysynni Low-Level 

Drain (DLLD) and extensive drainage ditch system, developed in the 18th-19th centuries, is critical for 

maintaining the pastoral farmland on the valley floor (Dunderdale and Morris 1996; Smith 2005).  

There is also a long history of coastal defence construction in the Dysynni valley. The original 

promenade and sea wall on the Tywyn coastal frontage was constructed in the late 19th century. An 

additional promenade was built further north, near Bryn-y-Mor, but was destroyed in a coastal 

storm in 1935 (Atkins 2009). A modern sea wall and promenade were built it its place around 1980 

(Smith 2004). The most recent coastal defence project was completed in 2011, and included a new 

recurve sea wall, wooden and rock groynes, rock armour, and a detached breakwater (see section 

8.3.1). It was developed to address the damage and undercutting of the previous defences (Atkins 

2009).  

Dredging has been carried out in the River Dysynni to lower the channel bed and reduce flood-risk in 

the surrounding floodplain (DredgingToday 2015; ITV 2015). As part of regional shoreline 

management policy, Aberdyfi harbour is also dredged to deepen the channel and make the estuary 

more navigable (Earlie et al. 2012a, b). The sand removed during this dredging is deposited on the 

beach and sand dunes to the west and north of Aberdyfi to combat shoreline retreat by widening 

the beach and stabilise the dunes (ibid.). The sand dunes west of Aberdyfi provide coastal protection 

for Aberdyfi Golf Club, which is important for the local economy and tourist industry (Wales Online 

2013).  
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4.7 Summary 

This chapter provided a brief overview of the Dysynni valley, the study area used to trial and 

exemplify the framework developed throughout this thesis. The Dysynni valley contains many areas 

that are environmentally and ecologically important, and is rich in evidence for human occupation 

with a high potential for further archaeological discovery. The nature of the Dysynni valley, as low-

lying and overlain by soft alluvial deposits, means that the coastal effects of climate change such as 

sea-level rise and storm surges may impact archaeological and historical sites located several 

kilometres inland. However, few studies into the vulnerability or sensitivity of the local 

archaeological resource have been carried out, and relatively little archaeological research has been 

undertaken in the Dysynni lowlands, so archaeological sites may be exposed to the effects of climate 

change before they have been discovered and researched properly.  

Several different organisations have jurisdiction over, or interest in, the heritage management of the 

study area. This can cause some confusion or overlap of information, for instance in duplicated 

records across different heritage resource databases (e.g. the HER and NMRW). This duplication 

indicates that some assets are being recorded and studied twice, which is inefficient and can be 

misleading if the two databases are combined without care. 

As much of the archaeological research in the study area has been in the form of desk-based and 

archaeological assessments for development projects, new archaeological information is often only 

discovered prior to destruction. Furthermore, often the research undertaken cannot be as thorough 

as would be desired due to time constraints or working conditions (see Blackburn 2011).  This study 

area provides a unique opportunity to develop indices of susceptibility to environmental change for 

sites that have not, as yet, been researched or protected in any way. 

There is a long history of coastal defence and flood alleviation schemes in the Dysynni valley and 

coastline, indicating that the area has already been subject to the processes that are set to 

exacerbate due to climate change. Difficulties arise once a defence structure such as Tywyn sea wall 

or the DLLD has been established, as the maintenance and renewal costs can make it challenging to 

continue the same level of protection that has become expected (see section 8.1). 
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/ƘŀǇǘŜǊ р 
[ŀƴŘǎŎŀǇŜ !ƴŀƭȅǎƛǎ  
5.1 Introduction 

Chapter 5 addresses some of the objectives of the first research aim of this thesis: Identify a method 

of analysing and characterising the archaeological resource on a landscape level. Namely, research 

objectives 1a (Collect information on the known archaeological resource in the Dysynni valley) and 1b 

(Use aerial photography and geophysical surveys to enrich the archaeological record of the Dysynni 

valley). In doing so, this chapter deepens the existing knowledge base of the cultural heritage in the 

Dysynni valley through a landscape analysis using a range of sources. This chapter focusses on 

collecting information on the components of the lower level of the historic landscape as organised in 

the Hierarchy Theory. These archaeological features inform the character of the landscape at both 

the focal level (LCAs) and the overall historic landscape.  

A range of methods were chosen for the collection and synthesis of data relating to the study area, 

in particular with relation to past land use and the archaeological resource. Firstly, archival research 

was undertaken to discover historical documents pertaining to the study area, such as maps, land 

ownership, and management information. Secondly, archaeological databases containing all 

recorded archaeological feature and historical building data in the study area were compiled and 

studied. Next, aerial photographs taken over the 20th-21st centuries were studied to identify any 

previously unknown cropmark features. Finally, geophysical surveys were undertaken to ground-

truth some of the cropmarks identified in aerial photographs, and survey the areas around known 

archaeological features. The main purpose of this data collection and synthesis was to provide a 

strong foundation for the HLC (see Chapter 6). All archaeological remains, historical buildings, and 

landscape features identified through this landscape analysis are used as Landscape Character 

Features (LCFs), the lower level of the historic landscape within the Hierarchy Theory framework. 

LCFs are features that give character to, or influence the character of, the historic landscape and 

different LCAs. 

Several methods were used for the landscape analysis because each method measures different 

variables, so the results of all methods combined provides a more complete picture of the cultural 

heritage of the study area compared to using a single approach (Islas and Vergara 2012). This makes 

the results of the analysis more informative, as well as more robust and reliable (Barber et al. 2000; 

Langdon et al. 2003; Birks 2005). 
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5.2 Methodology  

5.2.1 Archival research  

Archival research was carried out in order to identify and study any historical documents, 

particularly maps and photographs, relating to the Dysynni valley. First, online searches were carried 

out for records in the following archives: The National Archives, The National Library of Wales 

(NLW), Coflein (the RCAHMW online catalogue), The British Library, Bangor University Archives, and 

the Rhagorol (Gwynedd Council) online catalogue (The National Archives 2019; NLW 2019a; Coflein 

2019; British Library 2019; Prifysgol Bangor University 2019; Gwynedd Council 2019). The following 

place-ƴŀƳŜ ǎŜŀǊŎƘ ǘŜǊƳǎ ǿŜǊŜ ǳǎŜŘ ƛƴ ǘƘŜ ƛƴƛǘƛŀƭ ƻƴƭƛƴŜ ǎŜŀǊŎƘΥ Ψ5ȅǎȅƴƴƛΩΤ Ψ¢ȅǿȅƴΩΤ Ψ¢ƻǿȅƴΩΤ Ψ5ȅŦƛΩΤ 

Ψ5ƻǾŜȅΩΤ Ψ!ōŜǊŘȅŦƛΩΤ Ψ!ōŜǊŘƻǾŜȅΩΤ Ψ.ǊȅƴŎǊǳƎΩΤ ΨtŜƴƛŀǊǘƘΩΤ Ψ¸ƴȅǎƳŀŜƴƎǿȅƴΩΤ Ψ¸ƴȅǎȅƳŀŜƴƎǿȅƴΩΤ 

Ψ.ǊƻŀŘǿŀǘŜǊΩΤ Ψ/ŀǎǘŜƭƭ ȅ .ŜǊŜΩΤ Ψ[ƭŀƴŜƎǊȅƴΩΤ Ψ[ƭŀƴƎŜƭȅƴƛƴΩΤ Ψ[ƭŀƴŦƛƘŀƴƎŜƭ-y-ǇŜƴƴŀƴǘΩΤ Ψ¢ŀƭȅƭƭȅƴΩΤ ΨtŜƴƭƭȅƴΩΤ 

Ψ¢ƻƴŦŀƴŀǳΩΤ Ψ/ǊƻŜǎ CŀŜƴΩΤ Ψ/ŀǊŘƛƎŀƴ .ŀȅΩΤ ΨDǿȅƴŜŘŘΩΤ ΨaŜǊƛƻƴŜǘƘΩΤ ΨaŜǊƛƻƴŜǘƘǎƘƛǊŜΩΤ ΨaŜƛǊƛƻƴȅŘŘΩΦ 

Based on the results of these searches, both the National Archives, Kew, and the NLW Archives, 

Aberystwyth, were visited to view the map and documentary sources identified in the online 

catalogue search.  

During the archive visits, detailed notes and photographs were taken of historical documents and all 

relevant maps found. In The National Archives, there were no restrictions on the taking of 

photographs, however in NLW all maps had to be kept within plastic sleeves, so any photographs 

taken were affected by glare from the sleeve.  

5.2.2 Historic Environment Record and National Monuments Record Wales databases 

Another source of archive data used were the NMRW and the HER databases. The NMRW is an 

archive of recorded historical and archaeological sites throughout Wales, held by RCAHMW. The HER 

in Wales are held by regional archaeological trusts, and contain a register of archaeological sites 

located within their local authority boundaries. Shapefiles of the HER and NMRW sites located in the 

Dysynni valley and surrounding landscape were provided by GAT, the Dyfed Archaeological Trust 

(DAT) and the RCAHMW as point-data for use in GIS, including attribute information such as the 

name, type and period of each record. 

Data processing 

The HER data was provided in Microsoft Excel Worksheet (.xlsx) format, while the NMRW data was 

provided in Microsoft Access Database (.accdb) format. To facilitate the processing and analysis of 

the site data, both sources were compiled into a Microsoft Access Database. As the HER and NMRW 

databases had been organised in different ways, some database fields were changed or omitted in 
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the new database.  An overview of each database to which I had access is available in Appendix 1, 

Table Ap1.2, including the information included within each database, and the information included 

within the final compiled database. 

! ƴŜǿ ŦƛŜƭŘΣ ΨŜƭŜǾŀǘƛƻƴΩΣ ǿŀǎ ŀŘŘŜŘ ǘƻ ǘƘŜ ƴŜǿƭȅ ŎǊŜŀǘŜŘ ŘŀǘŀōŀǎŜΣ ƛƴ ƻǊŘŜǊ ǘƻ ƛƴŎƭǳŘŜ ƳƻǊŜ ǎǇŀǘƛŀƭ 

ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŜŀŎƘ ǊŜŎƻǊŘΦ ¢ƻ ǎŀǘƛǎŦȅ ǘƘŜ ΨŜƭŜǾŀǘƛƻƴΩ ŦƛŜƭŘΣ DL{ ǿŀǎ ǳǎŜŘ ǘƻ ŜȄǘǊŀŎǘ ǘƘŜ ƘŜƛƎƘǘ ǾŀƭǳŜǎ 

in metres aOD for the NMRW and HER point data from LiDAR data provided by the Welsh 

Government. This information was exported into a Microsoft Excel Spreadsheet format, and 

imported into the Microsoft Access Database. The LiDAR dataset used has a 1m resolution, and a 

vertical height error of ±5cm (NRW 2015a). 

Lƴ DL{Σ ǘƘŜ Ǉƻƛƴǘ Řŀǘŀ ǎƘŀǇŜŦƛƭŜ ǿŀǎ ŦƛǊǎǘ ΨŎƭƛǇǇŜŘΩ ǘƻ ƳŀǘŎƘ ǘƘŜ ŜȄǘŜƴŘ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΣ ŀǎ Ƴŀƴȅ 

records were located outside the defined boundary. Through an inspection of the compiled 

database, it was evident that some records had been duplicated, as they were included in both the 

HER and NMRW databases. Duplicates were identified through a query that searched for identical 

co-ordinate values. Some entries had the same co-ordinate values but were different features, for 

instance if the features were in very close proximity. Altogether, 504 of the 3775 entries were 

identified as duplicates and one version of each (252 records) were removed from the database. It is 

possible that more of the records in the HER and NMRW could be duplicates but with different co-

ordinates, for instance if the record location was entered more precisely in one database than 

another. Further records which appeared to be duplicates based on the name and description were 

removed during the process of this research. Some of these were discovered through systematic 

searches, and others were identified fortuitously. Records in the HER and NMRW databases that 

were recorded onlȅ ŀǎ Ψ5ƻŎǳƳŜƴǘŀǊȅ 9ǾƛŘŜƴŎŜΩΣ ŀƴŘ ƘŀŘ ŜƛǘƘŜǊ ƴƻ ŘŜǎŎǊƛǇǘƛƻƴ ƻǊ ǿƘƛŎƘ ǎǇŜŎƛŦƛŎŀƭƭȅ 

stated that no known extant features existed, were also removed from the compiled database. This 

is because the main focus of this thesis is the way that the historic landscape, as it exists today, is 

vulnerable to climate change. The aim of using site databases was to record features that had a 

physical presence in the study area and would therefore be materially affected by climate change. 

Furthermore, the position of features located through documentary evidence alone may be 

inaccurate or may refer to a much wider area than is indicated by point data. Following the 

processing described above, 1529 records remained in the database.  

The information within the compiled database was collected and recorded over many years by 

different people, so there were several inconsistencies in the categories given to records. For 

ŜȄŀƳǇƭŜΣ Ψ!ƴǘƛ ¢ŀƴƪ .ƭƻŎƪΩ ŀƴŘ Ψ!ƴǘƛ ¢ŀƴƪ hōǎǘŀŎƭŜΩ ǿŜǊŜ ōƻǘƘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Ψ¢ȅǇŜΩ ŦƛŜƭŘΣ ǿƘƛƭŜ 

Ψtƻǎǘ-Medieval,aƻŘŜǊƴΩΣ Ψtƻǎǘ-aŜŘƛŜǾŀƭκaƻŘŜǊƴΩ ŀƴŘ Ψth{¢-a95L9±![ΤaƻŘŜǊƴΩ ǿŜǊŜ ŀƭƭ ǳǎŜŘ ƛƴ 
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ǘƘŜ ΨǇŜǊƛƻŘΩ ŦƛŜƭŘΦ ¢ƻ ƛƳǇǊƻǾŜ ǘƘŜ ǳǎŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƴŜǿ ŘŀǘŀōŀǎŜ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Řŀǘŀ 

within it, the entries for some fields such as these were aggregated. Table Ap1.3 in Appendix 1 

details the changes made to the labelling system within the database. These changes were made 

with reference to the Historic England Monument Type Thesaurus, to ensure that the terminology 

followed a consistent and reliable standard (Historic England 2014). 

5.2.3 Aerial photographs  

Aerial photographs are a commonly used source in archaeological survey, as they can often reveal 

features such as cropmarks and shadow marks that are not visible from ground level (Winton and 

Horne 2010). The British Academy (2001) estimate that up to 50% of archaeological sites in Britain 

have been identified through aerial photography. This may be from archaeological reconnaissance 

surveys, or from aerial photography taken initially for another purpose such as military 

reconnaissance or for cartographic surveys (Winton and Horne 2010; Hanson and Oltean 2013). 

Aerial photography can be used to determine which areas should be prioritised for ground-based 

geophysical survey, but it can also be used for monitoring change to the historic environment 

(Bewley 2006; Jones 2008). 

Over 530 images of the study area were found across five collections of aerial photographs held by 

RCAHMW archive, located in NLW, Aberystwyth. The collections studied comprised The Cambridge 

University Collection of Aerial Photography (CUCAP), RCAHMW Black and White Oblique Aerial 

Photographs, RCAHMW Colour Oblique Digital Aerial Photographs, Royal Air Force Vertical Aerial 

Photographs, and the Ordnance Survey Aerial Photography Collection. Each of the images was 

studied, and copies were taken of those that featured potential cropmarks, in total 58 photographs 

(see Figure 5.1). Some of these cropmarks had already been recorded in the NMRW record and the 

HER record, but had not been mapped. Following the study of aerial photographs at RCAHMW,  

additional cropmarks were identified in the Dysynni during reconnaissance flights by Glyn Davies and 

Jonathan Brentnall during the dry summer of 2018. Theses cropmarks were added to the collection 

in this study (see AP_2018_4244, Figure 5.1D).  
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Tywyn 

Bryncrug 

A: AP_2006_2905 

Figure 5.1. Examples of aerial photographs from the Dysynni valley (A-D), and a map of their 

locations. All images are Crown copyright and are reproduced with the permission of Royal 

Commission on the Ancient and Historical Monuments of Wales (RCAHMW), under delegated 

authority from The Keeper of Public Records. Map Crown copyright and database right 2019 

Ordnance Survey 100025252 
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Figure 5.1 cont. 

C: AP_2006_2909 

B: AP_2006_2908 
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Figure 5.1A shows square cropmarks, c.12m in diameter, relating to a medieval square barrow 

cemetery near Croes Faen (Blackburn 2011). The cropmark in Figure 5.1B is a circular feature around 

18m in diameter, with an associated curvilinear feature. Figure 5.1C shows a number of features 

within a single field, including several intersecting circular features, and a square double-ditched 

enclosure. The feature identified in Figure 5.1D appears to be a double-ditched enclosure around 

30m in diameter, with a larger surrounding wall that has at least two clear entrances. 

QGIS, an open-source GIS software was used to georeference and georectify the copies of the aerial 

photographs onto the Dysynni landscape, using identifiable features such as field-shapes and roads. 

The vertical aerial photographs could be georectified relatively accurately, but the oblique aerial 

photographs were more susceptible to warping, particularly if there were too few reference points. 

Therefore, when a cropmark was featured in more than one aerial photograph, the aerial 

photograph that was most accurately georectified was used to determine the location of the 

feature. Subsequently, the features identified in each aerial photograph were rendered in QGIS as a 

vector layer (see Figure 5.6).   

The slight warping of the georectified aerial photographs may have introduced a small degree of 

error in the position of the georectified cropmark features. However, when compared to the 

Figure 5.1 cont. 

D: BDC_05_11 



66 
 

location of the features also identified in geophysical surveys, the errors were no more (and often 

much less) than 5m in the context of features up to 75m in diameter and fields several hectares in 

size. While this is at the higher end of the acceptable error margin suggested by Dr Toby Driver of 

the RCAHMW (pers. comms.), it is sufficient for informing decisions on where to locate further 

geophysical surveys, and provides a relatively accurate map of georectified features within the wider 

landscape. 

The purpose of identifying cropmarks and potential features in the study area was twofold. Firstly, 

the aim was to gather as much information as possible about the history and past land-use of the 

study area, by identifying features that were not yet recorded in the NMRW and HER databases. 

Secondly, the presence of features in aerial photographs was used to decide where geophysical 

surveys should be carried out, in order to ground-truth the results and gain a greater understanding 

of the features identified.  

5.2.4 Geophysical surveys 

Geophysical surveys are used as above-ground sensing techniques to identify any potential 

ǎǳōǘŜǊǊŀƴŜŀƴ ŦŜŀǘǳǊŜǎΦ {ƻƳŜ ƎŜƻǇƘȅǎƛŎŀƭ ǎǳǊǾŜȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨǇŀǎǎƛǾŜΩ ǘŜŎƘƴƛǉǳŜǎ 

because they measure what is already there. For instance, magnetic gradiometry (or 

magnetometry), undertaken using a gradiometer, measures anomalies in the near-surface magnetic 

ŦƛŜƭŘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ όDŀŦŦƴŜȅ ŀƴŘ DŀǘŜǊ нллоύΦ CŜŀǘǳǊŜǎ ǎǳŎƘ ŀǎ ŘƛǘŎƘŜǎΣ ǇƛǘǎΣ 

and hearths and other burnt features are well detected by gradiometry, however it does not easily 

detect built features unless they are constructed from fired brick (ibid.). Other geophysical 

ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨŀŎǘƛǾŜΩ ǘŜŎƘƴƛǉǳŜǎΣ ŀǎ ǘƘŜȅ ƛƴŘǳŎŜ ŀ phenomenon to be measured. Earth 

resistance, or electrical resistivity, survey puts an electric current through the ground in order to 

measure the electronic resistance of subsurface features (Jones 2008). Resistivity survey identifies 

masonry and building foundations, as these features increase the subsurface resistance (ibid.). 

However, resistivity is affected by the saturation of the soil, so the results generated can vary with 

season and soil type (Gaffney and Gater 2003). Jones (2008) suggests that, as different geophysical 

techniques identify different types of features, two or more methods should be used in conjunction 

with one another. Therefore, both gradiometry and electrical resistivity techniques were used on 

areas in which features were identified as cropmarks in aerial photographs, and in surrounding 

fields. The purpose of this was to ground-truth the cropmarks identified in the aerial photographs 

and identify details that were not visible on aerial photographs (either due to lack of aerial 

photograph coverage or unsuitable conditions for features to create cropmarks). This helps to 

inform the HLC, as well as improve our understanding of the history of human occupation in the 

valley. 
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Geophysical surveys were carried out by MA Landscape Archaeology students from the University of 

Sheffield in fieldwork during the spring each year from 2014 to 2018. Both gradiometry and 

resistivity were used, because they identify different types of feature. Fluxgate gradiometer survey 

was used on all fields surveyed, while resistivity was employed less frequently, and often over a 

smaller area within the survey grid. This is because resistivity surveys are more time consuming, and 

the results of resistivity surveys that were undertaken were very similar to the gradiometry results. 

Over the five years, 20 fields were surveyed, covering around 32 hectares (0.32km2) in total. 

The areas surveyed were chosen based on the results of preliminary archive research and analysis of 

aerial photographs. Surveys focussed on the areas around Bryncrug and Croes Faen, where the aerial 

photographs revealed a wealth of features. Three fields at Croes Faen were also selected for 

geophysical survey despite having no cropmarks identified there, to determine whether the square 

barrow cropmark features (see Figure 5.1A) extended further than the areas visible in the aerial 

photographs. Additionally, the remains of a 2m high potential Bronze Age standing stone or 

medieval cross-shaft stone stood at the southern point of field A3 (see Figure 5.2) until 1840, when It 

was moved nearer Tywyn (Knight 2011; Vousden 2013). Cadw speculate that it could be associated 

with nearby burial or ritual deposits (Knight 2011).  

Some fields around Castell y Bere were also targeted for geophysical survey. The main reason for 

this was the documentary evidence dating to the late 13th century that suggests that a borough, or 

burgh, was constructed by royal charter near the castle (Morris 1901). No references to the burgh 

have been found in any document post-dating 1295, which has been attributed to the destruction 

and abandonment of the castle in 1294-5, and the assumed abandonment of the burgh (Lewis 1912; 

Taylor 1974). The aim of geophysical surveys around Castell y Bere is to identify features relating to 

the burgh, or those relating to infrastructure associated with the burgh, such as roads. 

The surveys were located using a survey-grade GNSS (Global Navigation Satellite System) with a 

horizontal accuracy of at least 0.1m. Figure 5.2 shows the location of the surveys carried out each 

ȅŜŀǊΦ ¢ƘŜ ƎŜƻǇƘȅǎƛŎŀƭ Řŀǘŀ ǿŀǎ ǇǊƻŎŜǎǎŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ǎǳƎƎŜǎǘŜŘ ƛƴ ǘƘŜ Ψ5ŀǘŀ 

tǊƻŎŜǎǎƛƴƎΩ ŎƘŀǇǘŜǊ ƻŦ ǘƘŜ DŜƻǇƭƻǘ о Ƴŀƴǳŀƭ όDŜƻǎŎŀƴ wŜǎŜŀǊŎƘ нллпύΦ ¢ƘŜ ǎŀƳŜ ǇǊƻŎŜǎǎƛƴƎ ǘƻƻƭǎ 

were carried out in the same order for each plot, although this order differed between gradiometry 

and resistivity data. This process is outlined below, firstly for gradiometer processing, and secondly 

for resistivity.  

Following processing, the geophysical survey results were georeferenced using QGIS and the GPS 

data collected, so that they could be viewed within the context of the landscape (see Figure 5.2). 
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Gradiometer Processing 

1. Clip Function, with a threshold of ± 3.0 Standard Deviations (SD) from the mean, to remove 

highly magnetic features 

2. Zero Mean Grid (ZMG) and/or Zero Mean Traverse (ZMT) Functions. ZMG for correcting grid 

edge discontinuities. ZMT for further correcting edge discontinuities, slope errors or traverse 

stripe errors.  

3. Destagger Function, to address stagger errors. For plots collected with a single sensor, the 2-4-6-

8 setting was used, while plots collected using gradiometers with two sensors were destaggered 

using the τ34τ78 function.  

4. Clip Function, with a threshold of ± 3.0 Standard Deviations (SD) from the mean, to further 

remove magnetic anomalies. 

5. Despike Function, with a window of a window of X=Y=1m, to remove the effect of smaller 

anomalies. 

6. Low Pass Filter Function, with X radius = 0.5m and Y radius = 1m, to improve the visibility of 

weak features, and smooth the gradiometer data. 

7. Interpolation, using the Sin(x)/x expansion method, to increase the resolution from 0.25 x 1m to 

0.25 x 0.25m. This gave the data a smoother appearance and increased the visibility of large but 

faint features.  

Resistivity Processing 

Resistivity data require processing in a slightly different order, as the results present differently to 

that of gradiometer data.  

1. Clip Function, with a threshold of ± 3.0 SD, to remove noise spikes in the data. 

2. Despike Function, with a threshold of ± 3.0 SD, to remove any remaining data spikes. For data 

plots with small levels of spiking, a window of X=Y=3m was used, while for plots with more 

significant anomaly spikes, a window of X=Y=1m was used. 

3. Edge Match Function, to correct grid edge discontinuities.  

4. High Pass Filter Function, with a window size of X=Y=10m, to remove the geological background 

and enhance archaeological features.  

5. Low Pass Filter function, with a window of X=Y=1 readings, to smooth the appearance of the 

data and increase the visibility of faint archaeological features.  

6. Interpolation, using the Sin(x)/x expansion method, to increase the resolution from 1 x 1m to 

0.25 x 0.25m and enhance the appearance of large archaeological features. 
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5.3 Results and Analysis 

5.3.1 Archive results 

The National Archive 

The search of The National Archives found several records relating to the study area, eight of which 

held information regarding the landscape or past land use, including maps. Detailed descriptions of 

each record are provided in Appendix 1 Table Ap1.4. The majority (n=6) of the records found in The 

National Archives relate to the Dysynni Valley Drainage District and the management of drainage 

channels in the early 20th century. These records indicate that, despite the land improvement 

schemes in the 18th and 19th centuries, issues associated with drainage and waterlogging have been 

occurring for the past century at least. For instance, Merioneth Rivers Catchment Board (1952) 

includes correspondence from 1948 between Colonel J. Williams Wynne of Peniarth and C. H. Wake 

of the Dysynni Catchment Board, stating that the financial deficit of the Peniarth Estate was too 

great to maintain the drainage ditches on the land. Furthermore, several other records refer to 

ŘŜŎƛǎƛƻƴǎ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ƻŦŦƛŎƛŀƭ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ΨƳŀƛƴ ǊƛǾŜǊΩ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜƭƛŜǾŜ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ōǳǊŘŜƴ 

of drainage works on landowners. Records 2, 4 and 8 (see Table Ap1.4; Ministry of Agriculture and 

Fisheries 1950; River Dysynni Catchment Board 1950; Ministry of Agriculture and Fisheries 1949) all 
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3 

Figure 5.2: Location of each of the geophysical surveys undertaken in the Dysynni valley. Gradiometry 

was carried out for all of these plots, but resistivity was only applied to A2, B3-5, D1-2. Crown copyright 

and database right 2019 Ordnance Survey 100025252 
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ǊŜŦŜǊ ǘƻ ΨƳŀƛƴƛƴƎΩ ǘǊƛōǳǘŀǊƛŜǎ ƻǊ ŘǊŀƛƴŀƎŜ ŎƘŀƴƴŜƭǎΣ ǿƘƛŎƘ ƳŜŀns changing their official status to be 

ǇŀǊǘ ƻŦ ǘƘŜ ΨƳŀƛƴ ǊƛǾŜǊΩ όǎŜŜ CƛƎǳǊŜ рΦоύΦ ¢Ƙƛǎ ǿƻǳƭŘ ƳŜŀƴ ǘƘŀǘ ŀƴȅ ŘǊŀƛƴŀƎŜ ǿƻǊƪǎ ǊŜǉǳƛǊŜŘ ǿƻǳƭŘ ōŜ 

carried out by the local authority, who had jurisdiction and responsibility over the main river, as 

stipulated in the Land Drainage Act 1930 (Dobson and Hull 1931). If watercourses were not part of 

the main river, then the responsibility for any drainage works rested on the landowners, who could 

receive grant-aid of only up to 50% of the total cost of drainage, under the Agriculture Act 1937 (Deb 

1940). Therefore, although the Peniarth and Ynysymaengwyn land drainage schemes (see section 

4.4.8) provided more land for agriculture in the valley, they also created a new financial burden and 

ongoing maintenance requirement for landowners and farmers in the valley.  

Figure 5.3. Section of the map Ministry of Agriculture and Fisheries (1950) included in record MAF 77/257 in 

The National Archives. The brown line indicates the River Dysynni main channel, and the green lines 

indicate channels added to the main channel designation. The blue line defines the boundary of the Dysynni 

Catchment Area. Source: Ministry for Agriculture and Fisheries 


















































































































































































































































































































































































































