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The impacts of climate changagcludingsealevel rise, coastal erosion, and floodjingwve 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 archabalagfocussed

on archaeologicalfeatures as discrete entities rather thaspart of the historic landscap&he

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 evelops 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 Dysyapiarad estuary

(west Waley, 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 anaysisrial photographs, modern and

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

A two-step vulnerability index is thetlevelopedto determine the vulnerability of the historic
landscape to climate change. Thesfistep 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 floodisk management options. A mulitribute valuetheory 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 kig@sis can be applied to landscapes in the
UK and beyond. It will provide a simple, well defined method for pofiakers and heritage
organisations to effectively consider the vulnerability of the historic landscape to climate change,

and inform a holisticproactive approach to the sustainable management of cultural heritage.
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1.1 Background to Research
Climate change is one of the most widelgbated and contentious phenomena of the*Z&entury,

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 lasteimalfry
(Anderegeet al. 2010). This warming trend is predictedincrease in the foreseeable future, and

will result in rising sea levels, changing weather patterns and exacerbated natural disasters (Kirtman
et al.2013). The impastof these changes on ecological systems, and farming and subsistence
economies wilbe severe, and include shifting habitat biomes and species ranges, altered growing
seasons and lifeycles, disrupted footvebs, disease and parasite spread, and intensified droughts
and floods (see Knaet al.2010; Kinget al. 2018). These impactand potential adaptive

approachesare well researched within ecology, environmental sciences and agricultural sciences

(e.g. Parmesan 200Rosenzweigt al. 2008; Nelsoret 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 thoéalimate change is particularly
significant in coastal areas, which are prone to accelerating rates of erosion duelevekdse and
increasing storminess, causing archaeological remains located on the foreshore and in cliffs to be at
risk (Murphyand 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; Setel.2011). Furthermore, coastal lowlandsat risk of more

frequent flooding or even permanent inundation due to deeel rise ipid.)

Archaeological materials are a finite resource, and the information held within archaeological
deposits can facilitate our understanding of past societies,renmental 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 throughouhe 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 andeses rise, so both cultal

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

1



there is a high potential for the preservation of organic remains (Eis2004, 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 frothe 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 effectialgss
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 resehron the threat of climate change to archaeology on several

jurisdictional levels. Internationally, the HUdzy RS R b2+ KQa ! N]J LINRP2SOG aidzR
changes will have the most impact on built historic structures (CORDIS 2007; Brimblett@inbe

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

as Orkney{Scotland) Chavin Palace Compl@eru) the monumental site of Panama Viejo

(Panamg, and the ancient city of Timbuk{iali) (Colette 2007a; Ciantebi al.2018; Mullaney

HAMPO P ¢KS LIzNLIR2AS 2F 020K GKS !'b9{/h YR b2l KQ3

at risk, and the nature of the threat, in order to inform potmakers 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 Nationalist 2015a). They suggest working with coastal processes where
possible, and taking a logrm perspective, in order to transition into more sustainable
management approaches for heritage sitésd). English Heritage undertook a scoping study on
climatechange and the historic environment, to identify gaps in information and produce general
recommendations such as promoting and supporting local decisiaking, identifying a way to
prioritise sites for conservation and protection, and using impact inféiongo develop adaptation
strategies and guideling€asser 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 thestoric environment of Wales (see Powatlal.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, érestry 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



determined that climate change threatens not only the historic asatsin landscapes, but the

character of historic landscapes themselviegd(). 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 dhe 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 Climgate Cha

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 charaet historic landscapes (Powetlal.

2012). Furthermore, the focus of impact and adaptation research in archaeology tendsto be

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

historic asset. This thedisllows two of the general recommendations produced by English Heritage:
WARSY(GATFE + gte& (2 LINA2NARAGAAS aArAdasSa F2N 02y aSNDI
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1.3 Justitation for Research

The importance of assessing and addrestieg/ulnerability of cultural heritage on a landscape
scale, rather than on a siigy-site basis, is demonstrated by the limitations of a number of site
protection projects. Matero (2008) stas 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 freimngro
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 artefactd 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 struces were singlstorey, and the remains are now at ground level, but
the shelters constructed are taller than a tvetorey building (Martin 2013). These structures not

only visually disrupt the landscape, but by covering the Roman remains, they remadRertien
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 valtifiee site within the landscape (Matero
2008).



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$he O @I GA2y o6. St ft A0S HAMO
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 1.1Wooden pavilion constructed to protect Roman remains at Chur, Switzerland,
obscuring them within the landscap@opyrightPol Martin 2013andt SGNJ ~YNRS{ H



Figure 1.2 A shelter constructed to protect some of the remains of the ancient city of Ephesus,
Turkey CopyrightEphesus Foundation 2018ustrian Archaeology Institute 201&ndEarthTrekkers
2019

of the overall landscape, as well as obstructing\tev of the site, and arthe result of a site

focussed cultural heritage management approach (Teutonico 2013).

Although these examples come frarontinentalEurope, sitefocussed cultural heritage
management is also a risk in the UK. In a report foHE& Climate Change Subgroup, Pogtell.
(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 oflenate change on British settlements will be the impact on the historic character



caused by coastal and flood defencisd,). Environmental Impact Assessments (EIAs) of such
developments are required to consider cultural heritage. However, the predoroemahlistbased

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, includintpek of systematic survey in some landscapes, and a
focus on architecturally or scientifically important sites rather than culturally significant abeds (
Cultural heritage as defined by lists and pediata also obscures the intangible elements dfunal

heritage, such as local tradition, lainde, 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 h&xge assets, and si®cussed 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 issksfiatm

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 sedevel 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'thedtiry it was

similar in size to Londoat the time and was an important centre for shipbuilding (Seiaal. 2015).

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

been lost in single events over the last 1000 years (&ealr2011). The cultural heritage and

historic character of the town has been destroyed due to erosion: Dunwich was unable to continue
to act as a centréor trade following the loss of the market place and town hall in th& déntury;
GKAES GKS 'ff {FAyGa OKdz2NOK:zZ {4 alNEBEQa ¢SYLX S:=
damaged or destroyed in the 8 19" centuries (see Figure 1.3) (Seaml.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 changepi®jected 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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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 enetrace of past human activity, whether that is a single findspot or a

landscapewide relic field system. However, most studies researching and addressing climate change
AYLI Oia 2y I NOKIFS2ft238 F20dza SEOf dand22%f Bhis2y | NOF
2O0SNI221a LINRPOSaasSa yR AYLI OGa GKFEG 200dzNJ | dG |
This thesis is guided by a single research questiom can thevulnerability of cultural heritage to

future climate change be assessatlananaged 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 archaeologicaalalysisThese methods incorporathe wider historic landscape by
creating a spatially continuous, landscdpeel structure that can be used in vulnerability

assessments. This addresses the problems caused Hypsitesed 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
Landscapévulnerability Frameworkdeveloped in thighesis. 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 estabkh 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 tdentify a method of analysing and characterising the archaeological
resource on a landscape leveb 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



Obijectives

1a) Collect informigon 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 landétag®ysynni

valley.

Research Aim 2

The second research aim isdevelop a landscapkevel archaeology vulnerability assessment
methodology This methodology is a key element of the Landscape Vulnerability Framework, and
was developed to be applicable bther contexts, so the framework can be replicated for other

historic landscapes.

Objectives

2a) Determine the potential climatic changes in the Dysynni valley in theetitury based on the
results of a variety of climate models

2b) Develop a vulnerdlity 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 LandSkapscterisation
output for the Dysynni valley (objective 1c), to identify any weaknesses in the methodology

developed

Research Aim 3

The third research aim is &stablish a way tadentify the most appropriate approach(es) for
sustainably managing the astal historic landscape in the face of climate chafde 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)ldentify, through literature research, a sustainability assessment approach that could be used in
the Landscape Vulnerability Framework

3b) Review the current coastal and fleddk management approaches in the Dysynni valley, and

research innovative suginable alternatives



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 sustaingity 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 undersiags 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 methodshosen 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.Toaddress Research Aim 1, several primary and secondary research matbadsdo

enrich he 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 landscapgcale vulnerability index, which is applied to thistbric 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, Researah A 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-lis&dnanagement practices in the

study aea, 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 recommumas for future research.
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Chapter 1: Introduction

Chapter2: Impact of Climate Change on Archaeology

Chapter3: Methodological Approach

Including the conceptual framewodad approach to scale that inform the overall thesis

Chapte 4: Study Area

Introduction to the Dysynni valley, including the environmental and historical background afése

Chapter 5 5.1:Multi-method research
Landscape Analysis 5.2:Landscape narrative development
Chapter 6 6.1:Landscape Character Area classification
Landscape Characterisatio | 6.2:Historic Landscape Characterisation

Figure 1.4 Visualdiagram of the thesis structure
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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 anthropogenidd& emissios The focus of this thesis is on the projected climatic
changes, and associated impacts, for th& @dntury. The uncertainty surrounding future emission
pathways, and the lack of understanding of the impact of increasead@t@entrations 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; €oirn2013;

Hawkinset al.2014).

1.6.2 Cultural Heritge

Cultural heritage is mentioned throughout this thesis, and is mainly referring tonatsrial

remains of human activity, including archaeological features, buried remains, historic buildings, and
monuments (UNESCO 2010). Infrequently within this thesisalso 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 rder 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

Of  NAF& GKIFG fdiK2dzaAK (KS LYGNRRAZOGAZ2Y &MPHU YSy
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 Fairclougdt al.2002). In Wales, Cadw fareated 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¢ KA & | LILINBF OK AYLX ASa GKIG az2ysS IINBlLa 2F
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 ith#s#s recognises the

12



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. Thdleesearch
guestionis How can thevulnerability of cultural heritage to future climate change be assessed and
managed at a landscape scal€@ address this research question, the Landscape Vulnerability
Framework is developed as a conceptual and methagioblapproach 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 (Rede&im 1¢ Chaptes5 and 6); a vulnerability
assessment methodology for the characterised historic landscape (ResearclgAihapter 7); and

a sustainability assessment for management approaches to address the identified threat (Research
Aim 3¢ Chapter8). 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 coatiese this thesis

and provide a solid foundation for developing the Landscape Vulnerability Framework.
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Chapter2
LYLI OG 2F [/ ftAYIIGS /

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 intpaaf 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 chages 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 aresdisd (2.6).

2.2 Climate Change and Climate Projections

Increasing GHG concentrations in the atmosphere due to anthropogenic activities will cause, and
AYRSSR INB It NBFRe OldzaAy3ar OKlFy3Sa (2 3At20lf o8
eff S O Qan@ Gkher/GhiGs causes an increase in radiative forcing, which means that more of the
ddzyQa NIRAFGAZ2Y A& 0SAy3 | 042 ND 6tRI.200%4). TheSaa Ol y NI
resulting rising global temperatures are predicted to inceetiwe rate of polar ice cap and glacial

melting and cause thermal expansion of the ocean, leading tdesed rise (IPCC 2013). Global

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

year (yrt) between 161-2003, to +3.1mm y¥between 19932003 (Murphyet al. 2009). Modelled

future rates of sedevel rise are up to 16mm yiby 2100 (Churcbt al.2013).

Increased radiative forcing also causes changes to air and ocean circulation patterns, whictecan hav
dramatic impacts on weather patterns. For instance, a rise irsgelace temperature will increase

the strength of thermallyforced surface winds and result in an increase in the magnitude and
frequency of storms (Anthest al. 2006). This can also aftéhe timing, frequency, and magnitude of

precipitation and drought events (IPCC 2013).
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Figure 2.10Observed climatic changes during thé"Zlentury, according to the
International Panel on Climate Change (IPCC). Source: Haréhah#013

2.2.1 Climate models

Temperature
anomaly (°C)

anomaly (102 J)

Ocean heat content

anomaly (g/kg)

Mass balance (10°GT) Extent anomaly (10°km?)

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

system isomplex, and the interaction between systems and the impact of changing CO

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

future climate projections cover a wide range of potential future scenarios (geeeR2.2).

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

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

RAFFSNBy
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climate values, and spatial and temporal resolution, and use different algorithms to create
projections (Murphyet al.2009; Jenkinst al.2009). For instance, the UK Climate Projections (UKCP)
UKCP09 andKCP18 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 Atmospher®cean Global Circulation Models (AOGCM) (Musdla). 2009; Jenkingt

al. 2009; UKCP2014a; Lowkal. 2019). The Intergovernmental Panel on Climate Change (IPCC)
AssessmenReport 5 (AR5)produced 952 different simulations using 58 models, including AOGCMs,
Earth Systems Models (ESM), and Regional Climate IM(REM)(Flatet al.2013; Emoret al.

2016). While the IPCC AR5 used more models than the UKCP projects, the spatial resolution of the
UKCPO09 and UKCP18 results is 25kmx25km, providing a relatively high level of detail, and useful for
informing localregional adaptation planning (Jenkigisal. 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 (Tatlaf.2012). There is greater uncertainty and
variation in the globaprojections 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 lemid latitudes (Kirtmaret al. 2013).

Different models are often based on different GHG emission or concentration scenarios. The UKCP09
LINE2SOlGA2ya NB IAGSY F2N WKAITKQS WYSRAMZYQI | YR
on Emissions Scenarios (SRES) developed for earliael@E), while the IPCC AR5 and UKCP18
projections are based on Representative Concentration Pathway (RCP) scenarios (RCP2.6, RCP4.5,
RCP6.0, and RCP8.5) (Jengirad. 2009; Emoret al.2016). The RCP value refers to the amount of
radiative forcing (Wm) due to GHG concentration projected for 2100, rather than a certain level of
GHG emissions (Taylerral.2012). Where possible, the projections used in this thesis are informed

by the medium (RCP6.0) and high (RCP8.5) concentration patbweagsssiorscenariosrather

than any low concentrationr emissiorscenarios. This is because it is recommended that the
precautionary principle is employed during climate change adaptation (European Parliament and
Council 2002), meaning that pessimistic rathenmtlogtimistic scenarios should be used for planning

purposes.
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Global mean temperature projections (RCP 4.5), relative to 1986-2005
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Figure 2.2 Graph indicating the wide range of potential future temperature conditions, based (
different models used by the IPGBurce: Kirtmanet al. 2013
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2.3 Impacts of TemperateiChange

2.3.1 Sedevel rise

Sealevel rise due to boththermal expansion and melting ice caps and glacisngredicted 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 (Fitzpagtiak 2006; Kelly 2009). A study by Hunt

(2011) calculated that 89% obastal 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 artd Fafy;
Chapman 2002; Edwards al.2007; Herlest al. 2009; Kelly 2009Puring severe higivater events

such as storm surges, dunes or sea walls may be breached, meaning that sites that were previously
protected from coastal processes could be sutgddo saturation and erosion (Murplst al. 2009).
Therefore, climate change will increase the number of archaeological sites that are threatened by

such coastal processes (Sabbieinal. 2008; Kelly 2009; Daly 2011).

Another impact of flood events iséhsaturation 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; Heet al.2009; Brimblecombe 2014), thus endangering the intgayf

any archaeological sites within the flooded area (Hetlal.2009; Holicky and Sykora 2Q18ome
stones, such as cldyearing sandstones, are at a higher risk of destabilisation and cracking due to
wet/dry cycles, although areas with igneous andtamorphic geology are not significantly affected
(Holicky and Sykora 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 andliff-collapses may then be subject to coastal erosion, resultitigeipermanent loss

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

As well as flooding, sdavel rise can cause the permanent inundation of-lging areas, resultig in

the submersion of some previously labdsed archaeological sites (Berenfeld 2008; Kelly 2009;

PerezAlvaro 2016). Macpha@ital6 H nmn 0 F NBdzS G KIF G xXoftdafe®dowsh 2y Ol dza
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also Colette 2007a). The loss of stratigraphic integrity, due to both flooding addsaaise, 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 20@T)dation 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 potentaiiyage archaeological

remains (Long and Roberts 19€hapman 2002; Cassar and Pender 2003; Colette 2007a, 2007b;
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Sabbioniet al.2008; Macphail 2009). For example, an increase in the salinity of groundwater can

impact wooden artefacts, as saltcrystalliss® y Rl Yl 3848 GKS ¢22RQa OS¢t f dz |
Roberts 1997). Moreovethe magnetic signal from a hearth or burning activities can be lost due to

the presence of Ndons in seawater, making the initial discovery of some sites more difficult

(Crowthe 2003).

The increase in atmospheric g®also causing ocean acidification: the average pH of oceans has
dropped from 8 to 7.9 during the twentieth centuripdly 2011; Perealvaro 2016). The warmer
waters around the equator and tropics have a lower, §&tial pressure, however cold waters in

the northern latitudes can absorb more atmospheric;C&abine and Feely 2007). Therefore, it is
predicted that the pH of polar waters may reach 7.4 during tht@éntury (Daly 2011; Perégvaro
2016). This inciEse 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 (Berghéll and Pesu
2008; Kelly 2009; Daly 2011; Dunkley 2013).

Conversely, the inundation of arabological 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; Macpletibl.2010; Daly 2011; Milner 2012; Perak/aro 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 ofirchaeological 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;
Berghall and Pesu 2008). The submersion and burial of sites may also reglpossibility 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 seglavill make them much more difficult to explore and

excavate (Dunkley 2013; PerAlvaro 2016).

2.3.2 Biological impacts

The temperature changes associated with climate change are altering the distribution and behaviour
of certain fauna, for instance axtension of insect species ranges to higher latitudes, and an
increase in ovewinter survival (Balet al.2002). As a result, there may be an increased threat of
insect attack on organic archaeological remains (Colette 2007b; Daly 2011). The shiprosins
pedicellatuss the most oftcited biological threat within the British archaeological literature, as its
northward expansion into British waters could cause damage to shipwrecks and other wooden

submerged remains (Murphst al.2009; Croft 2013; Dlkley 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 ithe number of sites in the intertidal and subtidal zone due to-lesal rise, means

that more sites may be exposed to molluscan bor#isl.].

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 sugltarpets, tapestries, clotand 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 woulde spoiled by the installation of avonditioning and dénumidifying units ipid).

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 climategehdriven decline in the eelgrass
Zostera marind.. has resulted in an increased exposure of sediments, leading to a decrease in
stability and an elevated risk of erosion. Furthermore, thef€lisation effect and longer growing
seasons, may increaserrestrial plant growth and therefore raise the risk of bioturbation of

archaeological sites by plant rodBaly 2011).

Finally, organic archaeological remains can be well preserved in frozen conditions, such as
permafrost (Harmseet al.2018). Tempeatures 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. Tileaks
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 ndongerfrozen solidHolleseret al.2016; Harnsenet al.2018).
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Figure 2.3A map to demonstrate the contracting extent of the Arctic permafrost and the
accelerated warming trend in polar latitudes compared to temperate regoigyright
HugoAhlenius

2.4 Impacts of Changing Weatliatterns

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 glish Heritage 2006; Erlandson 2008, 2012; Colette 2007b; Berghall and
Pesu 2008; Reedet al.2012; Croft 2013; PereXlvaro 2016). Cassar and Pender (2003) argue that
the biggest causes of coastal erosion, and therefore the most significant threaastato

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 sedevel rise (see also Lewis 2000l0H¢2006; Kelly 2009; Marzeion and Levermann

2014).
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Sealevel rise also increasekd risk of coastal erosion (Heppell and Brown 2001; Van de Noort 2002;

Colette 2007a; Sabbiost al.2008; Kelly 2009; Daly 2011; Erlandson 2012; Milner 2012; Retder

al. 2012; Bickleet al.2013; Croft 2013; Dawson 2015). For instancesleeal rise in an area with

KINR O2Faidlrtf RSFSyOSasx adzOK | a aSlI grtftaz Ol dza Sa
areas of saltmarsh in front of the sea walls are lost tuan inability to migrate landwards in

response to sedevel rise (Murphyet al.2009). This could also cause the loss of any archaeological

remains buried beneath the saltmarsh (Long and Roberts 1997; Trow 2003; Mairahg2008,

2009; Westleyet 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 (€ooper

al. 2001; Reedeet al.2012), thus indirectly endangering coastal archagial sites.

Coastal erosion can lead to the discovery of new sites that would not otherwise have been found
(Darvillet al.1998; Chapman 2002; Davidson 2002; Edwatdd.2007; Daly 2011; Milner 2012).

For instance, Mesolithic footprints in the Sevé&stuary and Low Hauxley, Northumberland, #mel

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
accderate 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 duel&yskdse increases

the amount of erosion at the bottom of cliff faces, leadingatoincreased chance of cliff collapse

and a loss of any archaeological sites situated on the cliff (Detraill1998; Trow 2003; Bromhead

and lbsen 2006; Kelly 2009; Murphiyal. 2009; Westleyet al.2011; Daly 2011; Croft 2013). On high
energy coasthes 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 withirs¢harchaeological sites has the

potential to be destroyed without any opportunity for it to be discovered or recorded.
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Figure 2.4 Human and animal footprints revealed by erosion in the intertid:
zone at Low Hauxley, Northumberland. SouNzgureLogBlog.wordpress.con

The threat of coastal erosion is mainly confined to coastlines with soft bedrock and overlying
sediments, including sandstone, boulder clay and alluvial/marine mud (JonesT26022003;
Edwardset al.2007; Westlet al.2011; Kelly 2009; Reedet 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 shémane
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 coastlinest greatest risk of erosion mdye the oneghat 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 structureinanehse 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; teedé 2009; Holicky and Sykora 2010)

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

by sheet erosion (Meylemares al.2008). Earthwork features are particularly threatened as they are
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eroded with the loss of surrounding sediment and may leave little trdode ), Built structures are

also at risk; heavy rains associated with Storms Eva and Frank lead to the collapseofamti§

bridge in Tadcaster, North Yorkshire, in 2015 (see Figure 2.5)dfTaa2015). Finally, coastal

storms can increase the amouof 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 duedteclim

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

commonthroughout the 2% century.

GILES ROCHOLL

Figure 2.5Collapsed section of a historic bridge in Tadcaster following heavy rainsiaring
Storms Eva and Frank in December 2C@dpyrightGiles Rocholl

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 climabge. 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 coastlirs=é 24.1)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 PendeR003; English Heritage 2006; Wessex Archaeology Ltd 2007; Metrph009; Flatman
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2009; Kelly 2009; Daly 2011; Halkl. 2016). The construction of infrastructure designed for the
mitigation of climate change, such as offshore windfarms and tidahbas, 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; Berghall and Pesu
2008; Kelly 2009; Murphst 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, namelymnanaged realignmentr no active interventioiEgloff 2006). Themanaged
realignmentapproach 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 tleea 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; Mtpdly2009). The development of
saltmarshs desirable for biodiversity and conservation, meaning that this approach is often
favoured for both economic and environmental reasons (Egloff 2006; Mwepaly2009)

Furthermore no active interventioiis an approach taken for many areas of the caastfor 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 arskh 2006; Murpht 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 changarohaeological 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 pfeonan 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 (Knot al.2010; Kinget al.2018). As well as affecting the local economy and traditional
ways of life, this could affect the visual character of the laadecas 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 (HistorEngland 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. Stachewalz2002; 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 2Qlitate 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 ecosysibids.(

2.7 Measuring the vulnerability of cultural heritage to clinchtange

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 ivulnerability 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 Hanithase 2000; McLaughléat al. 2002;
Boruffet al. 2005; Boruff and Cutter 2007; Dietzal.2007; Hegde and Reju 2007; Torresaal.

2008; McLaughlin and Cooper 2010). Indices use a selatftimriables to quantify different
elements of vulnerability and produce a single vulnerability score (Baghelt 2008; Balicat 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: Accagtlal. 2003; Grosgt al. 2007; Robinsoet al.2010; Westleet al.
2011; Daireet al. 2012; Westley and McNeary 2014; Boirasal. 2015; Winerability matrices see:
Papathomakohle et al.2017; Bernet 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 speigftype 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 featUreis. causes several issues, which

are discussed in section 7.2.5, sucladack of coverage in areas that have not been systematically
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historicity of the landscape as a wholeven when research covers a stretch of coasttina

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

than on the historic landscape (e.g. Dadteal. 2012; Reedeet al. 2012; Chadwickloore 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 laodpe. 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 histedodilral importance of the

landscape as a whole (fher 2006; Bender 2009a)

This thesis develops a landscegamle 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 inte@unt 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-soltizal values ssociated 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 veithulnerability 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 aflimate 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 laisé and vegetation change. Tmepacts
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, tedefore indicates the complexity of

addressing the issue.
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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 thevulnerability of cultural heritage taiture climate change be assessed and managed at

a landscape scaleZhapter 3 presents the steps by which a landsesgade vulnerability framework

is constructed. This landscapeale vulnerability framework was developed to address the lack of
recognitionof 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 conceptualrhmework 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 conclusiengo® 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 stepstbé& 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 frameworgnieept 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 explanabibmow 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 bsustainability and its relevance to this research is explored.

28



3.2.1 Scale

Scale and its conceptualisatiane 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 discipfolésyed by an

explanation of the Hierarchy Theory scalar framework which was employed in this thesis.
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Figure 3.1Diagrammatic representation of various examples of scal€s)(@nd levels (circular points
along each scale), to illustrate the way in which the telenslandscaleare used in this research.
Taken from Cash et al. 2006.

Specific + Contextual
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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 termevelandsaleinteract. In much academic literature, these

two terms can be used interchangeably with no loss of meaning (i.e-doahd, localevel). This can

result in confusion if this literature interacts with others in which the meaning of level and seale ar

specified. Within literature tackling the theory of scale in social sciences, levels are defined more
LINBOAAStE® A dzyAla 2F Fylrfteara Fft2y3a I aLISOATAO
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2006, p.2, see also Gibsehal.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. Figue 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 trah@oyedwithin this thesis.

The use of scale in social sciences

Theoretical approaches to scaléthin 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 discudsion wit

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 couneitg] nation statesas levels), and therefore deciding

the power and resources allocated to each level of this scale (McCarthy 2005; Tetrae2010).

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
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certain actors. Infrastructure companies can frame their opponents aglsslfishly concerned only
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to discredit their argument (wers 2000; Termeest 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.

Thereare also debates which talekwhether 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. Metraion

2005; Sayre 2009; Herod 2011). Many scholars have built upon scale theory, and aisled to
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
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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 phenomesosbiserved, it KS W20 A SN GA2Yy | €
(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 Griolis 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 sgcthe 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 temoral levels. The process of climate change through the {oyldf 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 acrossty ofari

spatial and temporal levels, such as changing weather patterns, seasonal variation, atetiong
temperature trends (Wilbanks and Kates 1999). As these processes do not operate at a single spatial
or temporal level, they cannot be defined as havangjngle 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.
Dungaret 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 congrafithe 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 fosuse 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
OWE-AaQESSQU GSYR (2 KI@S A0t 288NANER2ACAzI RFYSY s KA K
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 impdrtarthoose 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 thepatterns 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 signifitnpact on overall

productivity, as losses in some areas are offset by improving conditions in other areas, and the CO
fertilisation effect. However, studies at regional levels indicate that the impact of climate change on
agriculture may be most sevefor 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 loweftesptial
Research over a larger spatievelcan reveal processes of interdependence that may not be evident
on smaller spatidkevels but result in generalisations in the data, which can cause smaller, complex
processes to be obscured (Turner 1989; Tumeteal. 1990; Cash and Moser 2000). On the other

hand, studiesat lower levels on the spatial scatan illuminate the way in which global processes
influence, or manifest in, a specific locality. Wadslal. (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 operatimgimagle 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 Kates99). There is further examination of mulkéivel approaches in the

discussion bthe 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 addressd 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 archaeologisalree) (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
Molyneaux2006a, b). Fairclough (2006) explores a wide range of scales in the context of
archaeology, including spatial, temporahd cartographic scales, scales of perception, use,

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

still do not address theperationalscales 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. Thoseth&td 3 Sy SNJ f £ @ dzaS WwWaolfSQ (2 YSIy

or scope of the subject matter, often interchangeably (e.g. Bagkeaf. 1997; Panich and Schneider
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2015; PicornelGelabert and Servesdives 2017). When mentioned within the methodologyaof
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1993; Bevan and Conolly 2004; Olsbal. 2013). Stein (1993) states that the scale used in research

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

GG A0S 6KAES O2yRdzOGAY 3 wl NOKI S2f23A01f6 NBaSI NI
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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 explanatiof 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 projectsising 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 thadyshfluence 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 justif the choice of scale of a research projda.address the

aforementioned issues, this project uses the methodological framework of Hierarchy Theory to
define the scale of the researcHierarchy 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 stat&999u
McMaster and Sheppard 2004).
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confusion between, and even within, disciplines (McCarthy 2005; Sayre 2009). Several conceptual

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

(see Dungaet al.2002; Caslet al.2006). As a common term within both academic and lay

language, a strict definition may be difficult to establislowever, 1 is important for resarch papers

to explicitly establish the definition of scale ththey 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 levelsn 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 er@sinareasing 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 theulng forces of the problem (Wilbanks and Kates 1999).
This is known as anstitutional fit problem(Cash and Moser 2000). There are aisale 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 climettange is undertaken at the local level,

and is often focussed on shortegrm, 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; Gand 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,
vulnerablity assessments in archaeology are predominantlyissed, but cultural heritage and the
processes of environmental change that threaten it are extensive and landsgdpeAddressing

the vulnerability of each individual site may highlight only theiemmental 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 scalesl #rat 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 processeshat occur therein, while the lower level provides mechanisms through which the
focal level processes occur, as well as imposing betiproonstraints (Allen and Starr 1982; Cash
and Moser 2000; Sayre 2005, 2009). As well as the vertical structure, Hiefdrebry suggests that
natural systems have a horizontal structure composekaddns(from the Greekolos for whole,

andon, meaning part) (McMaster and Sheppard 200#lonsare individual entities which,

combined, form part of the level above, buttas single entities with respect to lower levalsd.).

For example, each archaeological site mbnon 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 levedgiomal

archaeological resource.
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Figure 3.2Representation of relationships between levels in a system, as describi = Interactipns
the Hierarchy Theory. Diagram developed from that of Darin Je@semceSayre —— Mechanisms
20009.

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 largeale, longerm climatic processegs well as locdkvel
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 levébae. 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 oversiesplifteractions 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 phenongnan 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 biophyscalsges (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 uden 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

35



the historic landscape as a whole. Moreover, for this project the processesring 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 socgjatlonstructed (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 stralceure

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 featugs within the landscape that characterise each LCA (see Figure 3.2). Each LCA is a
holonwhich influences the overall character of the study area. The spatial scale was chosen over the
jurisdictional, cultural or sectoral scales as the most appropriatéhierstudy, 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 landsga) and lower level (archaeological sites) used within this project can be
O2yaARSNBR 2y2t23A0Ftfe WNBIFItQX GKSANI €t AYAGE | N
traditions, and decisions taken by heritage managers. Furthermore, LCAs were dpiatiadly

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 arediemtities, 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 naturalsystems 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 (Termeest al.2010). The current acceptegpproach to coastal management

is organised by sediment cells and sigdls (a length of coastline in which coarse sediment input,
output and processes are mainly setfntained) rather than by administrative boundaries (Motyka

and Brampton 1993; Defra 260SCOPAC 2019). Therefore, precedent exists for using scales in

management that do not directly fit the jurisdictional scale.

3.2.3 The Historic Landscape

Thehistoric landscapeés 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 arebJbit K SNJ A i A& a4l y

pastlanddza S a2 OAlF £ &G NHzOG dzNB a  Et@dR00RIP. TONTHis\pbilosbphyR S OA & A 2
36



is based on the idea that preseday landscapes are the result of human decisions and activities in
the past, such as aigultural regimes, urbanisation, woodland management, field boundary
morphologies, patterns of land ownership, and mineral extraction (e.g. Faircktag2002;

Fairclough 2003a, 2003b, 2006). As the historic landscape is a social construct, @csveuand
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 i thast few decades, are not as valuable as
those that remain relatively unchanged since the Middle Ages or prehistory (Fairclough 2003b;
Bradleyet al.2004). The changes that occurred in the 2@ century, for instance the expansion of
urban areas anthfrastructure, 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 thers wrace a harmony

between nature and culture that ntonger exists (Fairclough 2003b, p.31). Fairclough (2003b)

argues that this gives value only to antiquated lars& practices and ancient remains within the
landscape, and devalues modern practices aridence of more recent lardse. In contrast, the

historic landscape concept does not consider th8-2éntury 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 cairng'toe2iury military

remains, when assessing the historic nature of the area and evaluatingreatise 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 (Kktral. 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 tle 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 condepistainability, namely the potential
options for the sustainable management of the historic environment under scenarios of climate
OKIFy3aSod W{dzaldltAyloAfAGEQ Aa O2yOSLIidza t AASR Ay
different disciplines, sao 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 edorsystems 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; Stockest al.2012; Sabatand Warren 2015; Sanchéucillaet al.2016).

Sustainability is considered by some to b&ieked problem (e.g. Norton 2005), defined by

OKIF NI OGSNR&aAGAOE adzOK a GKS FIFOG dKFG GKSNB | NB
stakeholders may have different understandings of the problem and potential solutions, and that

there is o 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 (sest bévin

2009), because as well as the other wicked problem characteristadspiis timecritical, there is no

central authority to its management, and those seeking to solve the problem are also those causing

it (Levinet al.2012).

In aiming for a wicked problem solution to the impacts of a super wicked problem, there mag not

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 thisthesiseNdBa G Kl G (GKS GKNBS WLIAf f | N&

and economy), and intraand intergenerational equality are all consciously considered.

There are several criticisms of the idea of sustainability, for instance the idea that economic growth

is necessarjor 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 anthropsrerand conflict

between societal needs and environmental needs (Parodi 2015). The dominance of this western
LISNRLISOGADS Oy KAYRSNI GKS |R2LIGAZ2Y 2F adzadl Ayl ad
be construed differently by different saties and cultures. Therefore, the policies and ideas

outlined insustainabilitypolicy and strategy (e.g. Brundtland Report, Brundtland and Khalid 1987)
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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 westartric

limitation, efforts were made to ensure that the methodology dreinework 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, peroeed 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 andsledeultural 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 archaeogy 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 misubeioflata 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 jurisdictioriaand temporal levels. It also requires the consideration of

various levels on the spatial scale, and both shemn and longterm resource use at various spatial

and jurisdictional levels (local, regional, national, international/global). The purssiitstdinability
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 ttaibikandscape: a key element

of the historic landscape is its tirtepth 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 econombystems 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 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 mixedethods 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. &etielscriptions 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 landsape analysis (Chapter )e main body of the thesis is divided irttoree

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 tHeé€iss 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 Chaptes the need to characterise the historic landscape of
the study area, by analysing the known archaeological resource, identifying additional cultural

heritage emains, 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 sicas 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 scalarvarke

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 isiti® 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 gephysical survey in areas with potential for ssrface remains. The

information collated and collected about the archaeological resource of the study area was
combined with historic and modern maps to infonHLC 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)lislanat the focallevel 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 methodolgy for assessing the vulnerability of the historic landscape to climate change

and its associated impacts (see ChapberThis requires an exploration of climate change and sea

level rise models for the coming century, and a review of other vulnerab#ggssment methods

used in archaeology. Based on this review, the method chasesa vulnerability index (VI1). This

review also showed that other vulnerability assessments used in archaeology predominantly

02y OSYyUN) GSR 2y WaA lySsiTQerefoee, iniokl& to aidintthe foctoE the 2 F |y
historic landscape rather than on individual features or sites, a new landdeapleV/lwascreated.

The VI methodology developed is then applied to the Dysynni valley study area.
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The temporal extenof this study and the climate change impacts included is tiec2htury

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 encompdassehtiBi
(Meinshauseret al.2011; Collingt 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 longeterm is so great a® be unhelpful to decisiomakers. For instance, the IPCC
models project anthropogenic radiative forcing between 0 and 1242300, which would result

in global surface temperature change between +0 and +¥2.68epending on the RCP (Colénal.

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 (Hawlihal.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 baglond.

3.3.3 Development of a Sustainability Assessment tool

In response to the results of Chapfgrwhich identifies the most vulnerable landscape character
areas to climate change, the most suitable methods of managing the threat to cultural heritesie

be assessed. Chapt@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, iesessment tool chosen is a Mutitribute
Value Theory (MAVT) method (see section 8.2). MAVT is a tool used focrteita decision

analysis, in which alternative options are compared based on various criteria, in relation to one or
more objectivesThis allows both quantitative and qualitative factors, and conflicting objectives, to
be incorporated into the same assessment (Weahgl.2009). Section 8.2 provides a justification of

this choice of tool based on a review of the most commonly usedmaiility assessment tools.

This sustainability assessment tewdstrialled 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 rageament 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. fraimework 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 condéigatassed 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 layeredoas the landscape; and the need to include

economic, social and environmental variables, and both ##ed intragenerational equity, in the
management of the historic landscape. All three parts of the thesis, as discussed above, are
underpinned by thigonceptual approach. Ecological and environmental vulnerability assessments
are often undertaken using a patehatrix approach, rather than focusing on discrete points within a
landscape (e.g. Thuillet al.2005; Berret al.2006; Vot al.2008). Usig 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 tidea 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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The Dysynni valley historic landscape was chosen as a study area in order to teéanuify 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 Snow@oNational 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 coastine 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 toisheption caused by centuries

of agricultural activity in the lowlands, as well azktivelack of archaeological survey in these

areas. However, complex cropmarks, field boundary morphology and the location -sfpfinsl

indicate that there remains a wealth of archaeological information on the valley floor. Following a
justification of the cas 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 discussadd42).
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 datasse 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 studg &oeseveral reasons. In order to test the

methodology on a full range of climate change impacts, the studylaaddo bevulnerable to

climate change and there must also be accessible data about the natural and historic environment.
The combination ofdw-lying valleys and steep slopes in west Wales allows the incorporation of
many different climate change factors. Having a varied and dynamic coastlilugjimgmatural

dune systems, saltmarsh, mudflats, both shingle and sand beaches, estaaddagons, 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 heritagenagement. 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 vulnerablea sealevel rise. However, the topographic and biotypic variability in west

Wales provides a greatansight into the way that differentypes of cultural heritage are vulnerable

to climate change.

" -
P ‘

Liwyngwril y ' . 41-y-llyn
#Uanfihangel—y-p?ﬁna# €

‘ s ABE A
Llangelynin 4 ') Abergynolwyn
! | / )A ‘.
ry anegryn ' ’

Tonfanay /
Bryncrug

s

-
oy - e L
.b.m\#:,_.%@w?

Tywyn
" 4
Caethle Farm,

¢

el

Eglwys Fach
—a
£

=== Dysynni valley study area

Figure 4.1Dysynni vallegtudy area in Gwynedd, Wal&Sopyright Maproom 2019 (left)

and Google Maps 2019 (right)
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, aligwaigreater area to be covered than

would have been otherwise possible.

As discussed below (4.3), the valley floor of the River Dysynnidgilogvand susceptible to

flooding. Additionally, there are extremely steep areas which are susceptible tmerasd rockfall.
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Using this study area allows the Landscape Vulnerability Framewaork to be tested on several different

environmental settings and topographies within the same landscape.

Finally, the Dysynni valley is relatively rural and all4asel is &tensive 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.
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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}blBon 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
Giid 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.
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Figure 4.3 Bedrock Geology in the Dysynni valley from the British Geological Sul
(DiGMapGHEs0 2010) Geological Map Data B&®pyrightUKRI 2019Crown
copyright and database right 2019 Ordnance Sutv@3025252

4.2.2 Superficial deposits
Along the shoreline from the mouth of the Dysynni in the north, to the Dyfidegtin the south, is a
band of coastal deposits (see Figure 4.4), including storm beach and tidal deagiextends

inland south of TywynThis configuration of superficial deposits indicates that this area may have
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been in the intertidal zone or paof a delta system at some point during the Holocene (BGS 2019).
Blown sand depositalso band the coastline, although do rattetchas far inland as the coastal,

storm beach and tidal deposifsee Figure 4.4).

The land from the coast at Broadwatstretching inland alonthe 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 sotit 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 Ushaped nature of the Dysynni valley was likely created due toagl@sion (Watson

1962; Blundelét al. 1969; Snowdonia National Park Authority (SNPA) 2016). There are also peat

. Castell y Bere
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/\ 2
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estuary

Alluvial fan deposits

[ Alluvium and river terrace deposits
[ Blown sand

[ Coastal, storm beach and tidal deposits
[ Glacial deposits (e.g. till)

[ Scree and head deposits penliyn
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B Peat

."

Dyfi Estuary \

Figure 4.4 Superficial geological depits in the Dysynni valley from the British Geological Survey (DiGMag
50 2010)Geological Map Data BE&®»pyrightUKRI 2019Crown copyright and database right 2019 Ordnance
Survey100025252
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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 Vaflepr 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 vliey 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 dynamicaysgtem in the Dysynni valley

during the Holocene than at present (Griffithisal. 2013).

4.3 Environment

The Dysynni estuary and surrounding coastline consists mainly oflgitaycoastal plain, while the

Dysynni valley is a typicaldthapedvalley, 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 misatrPrior

to extensive drainage and land improvement schemes in tlfeat®l 19" 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 northof Tywynt f SR Wa 2 NF I QX KA OK GNI yaft !l
WAlFfaGYFNBRKQYS 6KAES tSytftey FIEINYI az2dziK 2F ¢egeys

seen on tithe maps from the mitid" century.

Other historical reference to past environmental change invaley includes Craig yr Aderyn, or

Y. ANRaE w201QZ 6KAOK A& | KAff NRARAAYBKmmMEBY (KS a7
Craig yr Aderyn is a Site of Special Scientific Interest (SSSI) as it houses the only regular inland

breeding colonyf cormorants in Wales (Mclnnes 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 shoreliied)).

Firally, 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 ¢.60@¥00 cal. BP (Wilks 1979his 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 knowmxtent, and are covered by sand (Smith 2004a). This is
supported by the presence of both wdllimified 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 infthe 19

Century, and so may not remain extant.

The study area is also consideiiatportant for biodiversity, and includes several Biodiversity Action

Plan priority habitats such as saltmarsh, lagoons, mudflats, reedbeds, and the SSSI BrodtiWater (
2016;SNPA 20168/Nelsh Government 20)6Broadwater, the saltwater lagoon near the ntlowf

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, sashCoot and Sedge Warbler (breeding) and

Mallard, Teal and Wigeon (wintering) (Countryside Council for Wales (CCW) 1983; Natural Resources
Wales (NRW) 200¥,anstoneet al. 20129. Rare plants, such as the Welsh mudwort, pyramidal

orchid, autumn ladies trgses, and bumarigold 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 archaeotogical

historical sites that could also be affectéithe 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 wsitand 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 naturaidvaila
supported, but large areas of the hills are used for conifer plantations for timber produdtidr).(

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 higheram areas, and both sheep and cattle are farmed in the

lowlands and on coastal grazing mariid,).

4.4 Archaeological and Historical Background

This section provides an overview of the state of research prior to the undertaking of this thesis.
Aerialmapping 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 (10,000B{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@ré&lis 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 Neolithi€4,000 BE 2,200 BC)

Within the intertidal peats a hearth was recorded and dated to ¢.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 discosdiin 1871 300m south of Llanegryn (Frost 2012). Other than

this, there is little known archaeological evidence dating to the Neolithic.

Figure 4.5Tree stump preserved amongsie submerged forest bathting toat least
5400-3900cal. BP(Sambrook and Williams 1996)

4.4.3 Bronze Age (2,600-800 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 fingpots, including several bronze axes and spearheads (Smith 2005). The majority of
these are found at higher altitudes in the hills surrounding talley, 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 BAAD 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 Gahi@n
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the north side of the Dysynni valleynfsh 2008). There is also an Iron Age stovadled hillfort on
Craig yr Aderyn, at 233m aOD, with extensive views along the Dysynni imdlgy $everal
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 43AD 410)

There are several fingpots 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 excava@raigryr

Aderyn during the 19 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 twaevere hoards {bid.). Oneof 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
Liwyngwril towards the northeast along the south side of the Mawddach Estuary (Bowen and
Gresham 1967). Bowen and Gresham (1967) also posit that there mapéawve Roman road
connecting the fort at Cefn Caer to the road at Liwyngwril, 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 evidencelicates that there was undoubtedly activity in the study area

during the Roman period.

4.4.6 Early medieval (AD 4D 1066)

There is a significant amount of archaeological and historical evidence dating to the early medieval
period within the study are&Several inscribed stones have been found in or near Tywyn, including
Croes Faen and the Pascentius Stone dating to thg"centuries (Longley and Richards 1974). It is
thought that St. Cadfans Church Stone, dating to theéntury, is the earliestatumented 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'%-14" 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 raidirggngley 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 tHeB™ centuries (Cooke 2014). The hearths were
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probably used for charcoal makingvidenced by the lack of any charred plant remains or any

indication of industrial processes such as sibigl.j.

Cropmarks of several square features were identified in aerial photographs between Tywyn and
Ynysmaengwyn. These features are thought t@bearly medieval square barrow cemetery, and

are located near the site of the Croes Faen stone (RCAHMW 2012a).

4.4.7 Medieval (AD 10@6AD 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 SmmthBeverly 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 @&€ynan (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 13century. It is located near LlanfihangePennant, ands

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 2001dskihRoman 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 TatertBry that

suggests that a borotng 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 2294nd he 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 medieggbd, greatly increasing the access to trade

routes from this site (Smith 2004a).

Llanegryn Parish Church of St Egryn and St Mary was also constructed iff temtl8y, and was
referenced in a document dating to 1254 (Beverly Smith and Beverly Sndith Rfbst 2012). An
earlier pillar with an incised cross was built into the south wall of the church, and the building was
extended during the 19century (Beverly Smith and Beverly Smith 2001). The church therefore

incorporates architectural styles andltural heritage from several historical periods.
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During the medieval period, land in Wales was divided into administrative areas caftedotes
which were controlled by a central royal court,ltys (Cadw 1990). Talybont Castle Mound, also
known as Doran Ddreiniog, is thought to have been associated willlgsalt is located at a former

bridging point of the Dysynni, at a meander which would provide defence for the site (Frost 2012;

GAT 2017Db).

Craig yr Aderyn Hillfort

Figure 4.6View from the ruins of Castell y Bere axthe flat valley floor towards the coast.
The Iron Age hillfort atop Craig yr Aderyn can be seen from here.

4.4.8 PosMedieval (AD 154D 1901)

Several large stately houses with estates were built in or near the study Roeanstance the

Peniarth Estate, now a Grade Il 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 documeagteaterial from as early as 1362.

The Ynysymaengwyn Estate, also constructed in tHec&Btury, was demolished in the 1960s after
falling into disrepair (Frost 2012). Both the Peniarth and Ynysymaengwyn Estates invested in

significant drainage and larichprovement in the Dysynni valley in the"8&nd 19" Centuries, to
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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 inftanitygn

OWKSIR 2F GKS f11SQ0 CIFENY Aa y2 f2y3aSN) airdda G4SR
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Broadwater, the nearest large wetland area. Gwynedd Archagcdd 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 hillg®unding 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 isnageuge
railway established in 1865 to carry slate from the Bryneglwys quarries hyGvearnol Station,
Abergynolwyn to the standardauge railway at Tywyn (GAT 2017d). The development of this railway
for goods transportation indicates that the resoursesirced in the study area were important for
regional development. The railway was the first narrgauge railway in Britain to carry passengers

by steam, and remains open as a tourist attractiil().

4.4.9ContemporarfAD 1903present)
During the 2@ Century there was significant military activity in the study area, particularly during
the Second World War. Practice trenches and a rifle range can be foundywgn, with more

practice trenches further up the coast near Barmouth (Kenney and Hopewell 2015). Near the coast

Figure4.7. Two of the linef&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 {pbid.). The remains of an RAF aildiand 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
archaeobgical 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

4.5.10rganisations 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 Monumentd$ 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, sitel historic buildings, and make them
accessible to members of the public. They are also responsible for the designation of heritage assets
suchas scheduled monuments, listed buildings and conservation areas, which provide statutory
protection. In Wals, 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 camechisg other
organisations, for instance archaeological dbaked assessments (DBAs) for development projects
(see Smith 2004a; Meek 2015), research projects funded by Cadw (see Longley and Richards 1999;
Davidsoret al.2002; Kenney and Hopewell 201&hd 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 govermspensored bdy which creates,

55



curates and provides archaeological information for governmental deeisimkers, 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 Bryisyalley and wider area, such as

early medieval burial and ecclesiastical sites (Longley and Richards 1999; Davals?d02),

medieval and posimedieval agricultural features (Kenney 2014), military aircraft crash sites (GAT
2012; Steele 2012), midiry 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 sclfBoseveare 2012; Wessex Archaeology 2012,
2014), a residential development in Tywyn (Smith 2013), a solar farm (Meek 2015), and-aseulti
path between Tywyn and Bryncrug (Knight 2011; Blackburn 2011). In the DBAs for the latter
example, Knight (2011#commended that strip, map and sample excavatisimould 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 heawy sn
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 undertakimthis 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 tiréat-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 fiyear project (201722021) is funded by the EU through the Ireland

Wales Cepperation 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 Walkave 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 2018heof the case study areas is Ynyslas National Nature Reserve, on the
southern edge of the Dyfi estuarbut none of the work CHERISH is undertaking currently is directly
related to the Dysynni valley and coastliit@d.). However, the wider conclusions of the project may

influence management decisions about coastal heritagaerfuture.

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 thalatabase of known sites (Hughes 2003).

4.6 Environmental Management

This section provides a brief overview of the environmental, coastal and-fiskdnanagement in
the Dysynni valley. A more-gtepth discussion can be found in section 8.3. As alyawg coastal
area, the Dysynni valley hasg been prone to waterlogging and flooding. The DysynnilLewel
Drain(DLLDand extensive drainage ditch system, developed in tHe 118" centuries, is critical for

maintaining the pastoral farmland on the valley floor (Dunderdale and Morris 198i@) 3005).

There is also a long history of coastal defence construction in the Dysynni Vakegriginal

promenade and sea wall on the Tywyn coastal frontage was constructed in the fated@ry. An
additional promenade was built further north, aeBrynry-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 wallyooden and rock groynes, rock armour, andedachedbreakwater (see section

8.3.1). It was developed to address the damage and undercutting of the previous defences (Atkins
20009).

Dredging has been carried out in the River Dysynni to lower the channel bed and redueeskaad
the surrounding floodplain (DredgingToday 2015; ITV 2015). As part of regional shoreline
management policy, Aberdyfi harbour is also dredged to deepeictthanel and make the estuary
more navigable (Earliet 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 dunébid.). 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, tildysarea used to trial and

exemplify the framework developed throughout this thesis. The Dysynni valley contains many areas
that are environmentally and ecologically importaand isrich in evidence for human occupation

with ahigh potential for furtherarchaeological 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
sealevel rise and storm surges may impact archaeological and historical sitesdceateral

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
undertakenin the Dysynni lowlands, so archaeologi&itds 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 comfusr 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

misleadng if the two databases are combined without care.

As much of the archaeological research in the study area has been in the form dfasgeskand
archaeological assessments for development projects, new archaeological information is often only
discoveredorior 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 susceijtyilbil 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 bedpjestt 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 saméevel of protection that has become expected (see section 8.1).
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5.1 Introduction

Chapter 5 addresses some of the objectives of the first research aim of this thesitify a method

of analysing and characterising the archaeological resource on a landscap&wely, research
objectives 1aollect information on the known archaegical resource in the Dysynni vajland 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
Dysynmvalley 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 theacter 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 relatihg $tudy area,

in particular with relation to past land use and the archaewabresource. 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 feate and historical building data in the study area were compiled and
studied. Next, aerial photographs taken over thé'21% centuries were studied to identify any
previously unknown cropmark features. Finally, geophysical surveys were undertakemaolgro
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 syniveestis provide a

strong foundation for the HLC (see Chapter 6). All arclogémdl remains, historad 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 thgive 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 letenpicture 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 (B&dde2000;

Langdoret al. 2003; Biks 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 Ar@@¥8sNLW 2019a; Coflein

2019; British Library 2019; Prifysgol Bangor University 2019; Gwynedd Council 2019). The following
placey  YS &SI NOK GSN¥Ya 6SNB dzaSR Ay GKS AyAlAlt 2y
W52 @3S QT W! 0 SINIR 8W.ANETY OINHZBNIR 2SSy A I NITKQT W, yeavyl S
Y. NRBFRgFOISNRT W/ I i tyia SE & ySANGXTE yup [f § Oy ron KBy YASH & y
We2yFlL yEdzQT W/ NBSa CIFSYyQT W/ I NRAIFY ANRXYTE RMDG®P y ¢
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 natand 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 wee 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 archaeologgitds 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
Dysynnivalley and surrounding landscape were provided by GAT, the Dyfed Archaeological Trust
(DAT) and the RCAHMW as paiata 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 (.xIsx) 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 Microsoftess 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 | had access is available in Appendix 1,
Table Apl.2, including theformation included within each database, and the information included

within the final compiled database.

(V)]
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in metres aOD for the NMRW and HER point data from LiDAR data provided by the Welsh
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Government. This information was exported into a Microsoft Excel Spreadsheet format, and
imported into the MicrosoftAccess Database. The LIDAR dataset used has a 1m resolution, and a
vertical height error ot5cm (NRW 2015a).

Ly DL{X GKS LRAyd{G RFE(GF akKFKLISFAES gFa FANRG WOf AL
records were located outside the defined balary. 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 valuesSome entries had the same-oodinate 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 removedifeodatabase. 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 liplicates 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
wererecordedo@d@ | & W52 0dzYSyidl NE 9QOARSYOSQ:I FyR KIFER SAd
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 langlscsaft exists todayis

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 featurelocated 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 databases collected and recorded over many years by
different people, so there were several inconsistencies in the categories given to records. For

SEFYLX ST WIyiAr ¢yl .£201Q YR W yiGA ¢ty hoail
Wt Medievala 2 RSNY QS RRtSHE § k a2 RAMNIFD 9y R THIZIR{SINY Q 6 SNBE |
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within it, the entries for some fieldsuch as theseere aggregated. Tabkepl.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 standardgtidric 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). Téa 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 asahilitary

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 gbased
geophysical survey, but it can also be used for momigpchange 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 ColleditcmoEthe 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.®wing the study of aerial photographs at RCAHMW,

additional cropmarks were identified in the Dysynni during reconnaissance flights by Glyn Davies and

JonatharBrentnall during the dry summer of 2018. Theses cropmarks were added to the collection

in thisstudy (see AP_2018 4244, Figure 5.1D).
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Legend

[ Aerial PhotographLocations

: AP_2006_2905

Figure 5.1 Examples of aerial photographs from the Dysynni véidy), and a map of their
locations.All images are Crown copyright and are reproduced wittpgrenission of Royal
Commission on the Ancient and Historical Monuments of Wales (RCAHMW), under delegated
authority from The Keeper of PubRecordsMapCrown copyright and database right 2019
Ordnance Survel00025252
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B: AP_2006_2908

C: AP_2006 9D9

Figure 5.1 cont.
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D:BDC_05_11

Figure 5.1 cont.

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 circulaafeatae
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 dbichied
enclosure. The feature identified in Figure 5.1Degug to be a doubleitched enclosure around

30m in diameter, with a larger surrounding wall that has at least two clear entrances.

QGIS, an opesource GIS software was used to georeference and georectify the copies of the aerial
photographs onto the Dyswi landscape, using identifiable features such as-8ékabes 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 toaréé@rence 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 dguietograph 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 compar#teto
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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 accef#adror 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 pasideraf the

study area, by identifying features that were not yet recedtdn 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 grotinath the results and gain a greater understanding

of the features identified.

5.2.4 Geophysical surveys

Geophysical surveys are used as abgraind sensing techniques to identify any potential

ddz0 G SNNY ySIty FSFddzaNBad {2YS 3AS2LKeaAOlf adiNBSe
because they measure what is alreadgrd. For instance, magnetic gradiometry (or

magnetometry), undertaken using a gradiometer, measures anomalies in thesngace magnetic

FASTR O2YLI NBR (2 (GKS 9FNIKQa YIFI3IySGAaO FASER oD
and hearths ad other burnt features are well detected by gradiometry, however it does not easily

detect built features unless they are constructed from fired bribild(). Other geophysical

G§SOKYAIldzSa | NB Of I aaAFASR phenosdndd iob@rBe@surédSEakhy A |j dzS 2
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 buildinfpundations, as these features increase the subsurface resisténidg.(

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 diftdrerst 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 idenéfl as cropmarks in aerial photographs, and in surrounding

fields. The purpose of this was to groutrdth 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 Archgesilatpnts 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 surveyewhile 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 theagresdiy results.

Over the five years, 20 fields were surveyed, covering around 32 hectares (8).32katal.

The areas surveyed were chosen based on the results of preliminary archive research and analysis of
aerial photographs. Surveys focussed on theaararound 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 cropmak 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 crosshaft stone stood at the southern point of field A3 (see Figu2g éntil 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. hieasan for

this was the documentary evidence dating to the lat& t8ntury 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 peatiting 185, which has been attributed to the destruction

and abandonment of the castle in 1284 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 surgegde GNSS (Global Navigation Satellite System) with a

horizontal accuracy of at least 0.1m. Figure 5.2 shows the location of the suramied out each

8SINY ¢KS 3IS2LKeaAOrt RIFEGFE g1Fa&a LINRPOS&ZASR T2ff 206
t N2OSaaAyaQ OKIFLIGSNI 2F GKS DS2LIX 20 o Ylrydadt 6DSz
were carried out in the same order for each plothalgh 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 QBBESGRES

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 MearGrid (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 senserghe 2
8 setting was used, while plots collected using gradiometers with two sensors were destaggered
using thet 34t 78 function.

4. Clip Function, with a threshold &f3.0 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, toéntipe 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 visibitidg dblla
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 ithe d

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 Matb 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 smoo#pgearance 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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Figure 5.2 Location of each of the geophysical surveys undertaken in the Dysynni valley. Gradiom
was carried out for all of these plots, lresistivity was only applied to A2,-B3D%2. Crown copyright
and database right 2019 Ordnance Sur¢89025252

5.3 Results and Analysis

5.3.1 Archive results

The National Archive

The search of The National Archives found several recetdsng 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 Apl.4. The majority (n=6) of the records found in The
National Archies relate to the Dysynni Valley Drainage District and the management of drainage
channels in the early #0century. These records indicate that, despite the land improvement

schemes in the 8and 19" centuries, issues associated with drainage and vagging hae 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 tha financial deficit of the Peniarth Estate was too

great to maintain the drainage ditches on the lafRdrthermore, several other records refer to
RSOAaA2ya G2 OKIFIy3aS (KS 2FFAOAILIET o02dzyRIENASa 27F
of drainage works on landowners. Records 2, 4 argk8 [Table Apl.4flinistry of Agriculture and

Fisheries 1950; River Dysynni Catchment Board 1950; Ministry of Agriculture and Fisheries 1949) all
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carried out by the local authority, who had jurisdiction and responsibility over the main river, as

stipulated in he 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 grarvaid of only up to 50% of the total cost of drainage, under 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 thieya

Figure 5.3 Section of the maMinistry of Agriculture anéisheries (1950hcluded in record MAF 77/257 i
The National Archiwe The brown line indicates the River Dysynni main channel, and the green lines
indicatechannels added to the main channel designation. The blue line defines the boundary of the [
Catchment Area. Source: Ministry for Agriculture and Fisheries
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