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Abstract

This thesis introduces and analyses a unique approach which involved iteratively
engaging with stakeholders to generate a film about sea-level rise at a heritage site.
The project used fine-scale remote sensing techniques, including airborne and
terrestrial laser scanning (TLS), to produce spatially accurate and realistic 3D digital
visualisations of projected sea level rise at Cotehele Quay, a site on the River
Tamar in Cornwall which is owned and managed by the National Trust. Area
residents and stakeholders were involved in a series of focus groups which
provided guidance on the integration of the spatial models into a short film. This
thesis makes an original contribution to knowledge about how non-scientific
audiences understand and interpret visual realism and spatial accuracy when
engaged with the process of developing such a tool. Ultimately, the thesis proposes
a new kind of visual realism based on this knowledge, known as ‘participatory
realism’. The main output of this research was a film, ‘Changing Tides at Cotehele
Quay’, which is presently being used by the National Trust as part of their wider
communication toolkit. In addition to reflecting on the production of the film, the
thesis makes the argument that at present TLS is not being proactively used to
engage wider audiences. The research explored how TLS and other spatial data
can be used in settings which are more public-facing; the thesis analyses the results
of this innovative practice and interrogates the way in which people interacted and

responded in the course of their participation.
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1. Introduction

1.1. Framing the thesis

The significance of heritage sites as a cultural asset at risk from climate change has
been increasingly recognised over the past 10 years, following on from resurgence
of cultural and recreational interest in heritage more generally, that has taken place
over the last 25 years (Watson and Waterton 2010). The importance of heritage as
a cultural asset, providing recreation and tangible evidence of the past, has led to
conflicting views over its future management. The dissonance that surrounds
heritage management is longstanding and on-going (Tunbridge and Ashworth 1996;
Waterton and Watson 2013). Most recently, one of the most pressing issues that
has emerged concerns how heritage is managed in regards to the as yet un-
guantified site specific impacts of climate change. Recent studies have
acknowledged that heritage sites embody qualities which engender place
attachment (Brown and Raymond 2007). These studies have called for a new
heritage management approach which includes lay knowledge in the protection,
conservation, adaptation and management of heritage sites, particularly those at
risk from climate change (Yung and Chan 2011). By actively choosing to take a
more participatory approach to managing heritage, not only will there be more
ownership and support for mitigation strategies protecting heritage from the impacts
of climate change, but there is potential to have an impact on how people engage
with and understand the impacts of climate change on heritage sites in the future.
This research is driven by the need to develop strategies for integrating public

opinions and insights in the future management of threatened sites.

This research project is framed around an applied understanding of climate change
science; whilst not contributing new climate change data, it uses climate projections
of sea-level rise to start conversations with and between communities, stakeholders
and decision-makers to collaboratively develop novel tools for thinking about the
impact of climate change. From an academic perspective, climate change is a
phenomenon that is studied by both physical and social scientists. The scientific
consensus about the anthropogenic contribution to carbon dioxide levels is growing,
and there is increasing recognition that anthropogenic emissions of the greenhouse

gases (GHG) will impact on the global climate system (Bertrand, Ypersele et al.
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2002; Braganza, Karoly et al. 2004; Storch and Stehr 2006; Rosenzweig, Karoly et
al. 2008). There is already evidence of the environmental impacts of climate change
across the globe, including ecological impacts (Walther, Post et al. 2002) and rising
sea levels (Miller and Douglas 2006), with potential future threats to livelihoods (Tol,
Klein et al. 2008), economies (O'Brien and Leichenko 2000) and national security
(Cinnamon Pinon 2008).

Climate impacts will not affect the Earth uniformly (IPCCa 2007); from what is
known about climate change presently, in the UK the greatest future environmental
threat is posed by rising sea levels. It has been some thirty years since the rate of
sea level rise was attributed to climate change (Barth and Titus 1984). In the UK,
sea-level rise is predicted to have one of the greatest impacts on the economies
and livelihoods of people and businesses living and working at the coast (King
2004).The question now is not how sea level will be affected by a changing climate,
but how much will relative sea level increase in the future (Miller and Douglas 2006;
Rahmstorf 2007). The UK is still experiencing isostatic rebound from the end of the
last glacial period (Varekamp, Thomas et al. 1992; Hansen 2007; Rick, Boykoff et
al. 2010), and distinguishing between relative and absolute sea level adds

complexity to the issue.

The broad issue of climate change frames the research presented in this thesis. As
section 1.5 will outline in more detail, this research was initiated in recognition of
sea-level rise posing a direct threat to both the physical and social landscape
across the UK. The National Trust (section 1.3), who supported this research, have
recognised a need to take early mitigation measures on a local level which will
address the much broader threats posed by climate change and sea-level rise on

the heritage assets in their care.
1.2. Research context

Heritage sites are culturally significant places, which encapsulate cultural and
historic memories and actions (Soderland 2009). Over the last 25 years, public
interest in heritage has experienced something of renaissance (Watson and
Waterton 2010), in part due to changes in popular cultural activity and recreation
(Brown 2005) and also due to an expanding media interest in the management of

these sites (West 2010). This has resulted in a resurgence of public interest in the
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way these spaces and places are managed and protected from future change
(Harrison 2010; Watson and Waterton 2010).

Throughout the UK the management of heritage sites often rests with local
authorities or trusts and foundations whose activity centres on maintaining and
preserving heritage sites in the public’s interest'. These organisations face
numerous economic, environmental and social challenges in the coming years.
Climate change presents itself as one of the most uncertain future challenges, as
scientists are still determining what the impacts will be (Brimblecombe, Grossi et al.
2006).

Climate change impacts on heritage are likely to be felt across the globe (Hassler
2006; Sabbioni, Cassar et al. 2006) in the form of increased erosion of historic
structures (Smith, Gomez-Heras et al. 2008) and rising sea levels damaging and
submerging low-lying heritage sites (Day and Lunn 2003). In the UK, various
regional impacts are likely to be felt, including threats to coastal heritage sites from
rising sea levels, and damage to buildings and other structures from extreme
weather (Farrar and Vaze 2000; Cassar 2005).

The scientific uncertainty surrounding the impacts of climate change on heritage
mean that scientific endeavour is being called upon to provide platforms in which
data can be relayed to other audiences and non-scientists in a meaningful and
engaging way if participation in management is deemed important (Grimwade and
Carter 2000). The importance of undertaking this activity lies in disseminating and
generating understanding about the impacts of climate change, as well as
encouraging support for plans which mitigate for future impacts, rather than
generating confusion and dissonance (Roussou 2006).

This shift in the output platforms of scientific information has led to increased
political and public pressure on scientists to publish their research results using
platforms that are accessible to a wider audience (O'Neill and Nicholson-Cole
2009), as well as being framed for both national and local audiences (Livingstone
2004). Recent misrepresentation and miscommunication in scientific data has led to
the public asking for transparency in the scientific data that is presented to them

1 . .
For example the National Trust whose motto is ‘for ever, for everyone’
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(Maibach, Leiserowitz et al. 2012). It is therefore no surprise that scientific practice,

methods and results have been called into question (Holliman 2011).

There has been an increase in the academic literature on science and public
communication of climate change (Kua, Reder et al. 2004; Collins and Ison 2009;
Metzner-Szigeth 2009; O'Neill and Nicholson-Cole 2009) guiding the way forward
for scientists to disseminate their research in appropriate channels depending on
the intended audience. Yet the modus operandi for science communication stems
from the release of data to be consumed by public audiences, rather than being an
interactive experience where the public are able to engage and participate with the
collection and dissemination of scientific research (O’Neill and Hulme 2009). There
is a missed opportunity in this potential engagement stage where important
contextual information could be gathered and used by scientists to make the
outcomes and deliverables more useful to society. The transition of the public’s role
in science communication from ‘consumers’ to ‘informers’, is discussed further in

the literature review chapter of this thesis (Chapter 2).

Heritage sites present a particular challenge for science communication, as it is
often not the scientist producing the data who engages with stakeholders; that
responsibility falls with the managers of a site. It is these ‘middle-man’ positions
which generate a grey area in the current science communication literature.
Managers and decision-makers at heritage sites are well positioned to take
advantage of local knowledge and interest in the future of heritage sites, yet lack the
scientific knowledge to present reliable and trustworthy data to stakeholders
(Bontchev 2009). Heritage managers are on the front line of engagement with local
audiences well placed to act in the best interests of local communities and
encourage participation in knowledge exchange for the future management of
heritage. Engagement with local audiences regarding the generation of scientific
data can also generate results which are meaningful to a wider audience, going

beyond a local agenda (Treby and Clark 2004).

The National Trust is one such organisation which has an opportunity to engage
wider audiences with scientific data. The majority of their sites are open to the
public as either free or ‘paid for’ venues, offering built and natural landscapes to
explore and enjoy [section 1.3]. The National Trust has outlined an approach for
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adapting to climate impacts (NT 2005), which leaves room for each property to

decide upon a strategy which best reflects the needs of the local stakeholders.

This research project stems from one particular National Trust heritage site,
Cotehele Quay in the South West of the UK which has experienced severe flooding.
The site has been identified as a complex site at risk from further flooding due to
sea-level rise [a more complete explanation to the site is included in section 1.4]. At
this site, conversations with the general manager identified a need to bridge the
communication gap between science and the public in a way that was
simultaneously rigorous, thorough, interactive, participatory and visually stimulating.
The project used fine-scale remote sensing techniques including airborne and
terrestrial laser scanning to produce spatially accurate and realistic 3D digital

visualisations of projected sea level rise at Cotehele Quay.
1.3. The National Trust

The National Trust (NT) is a charitable organisation founded in 1895. It is
responsible for maintaining public access to over 700 miles of coastline, 280,000ha
of land and over 300 mansions and gardens (NT 2005). The NT has a commitment
to preserving and maintaining the heritage assets in its care. The scale of their
assets range from small man-made artefacts in stately homes, to protected wild
habitats and secluded sites. Increasing membership numbers (NT 2012)
demonstrate the popularity of the NT among the public, and non-member visitor
numbers are increasing year on year. The challenge currently facing the NT is how
it manages these sites in changing financial and environmental climates. The NT’s
ubiquitous motto ‘for ever, for everyone’ underpins a dual commitment to looking
after the heritage assets for future generations and maintaining public access. This
creates an underlying tension between doing what is right for the built and natural
environment and keeping these assets open and accessible; it may not always be
possible to do both. Of these two challenges, the first is complicated by uncertainty
about how climate change will affect buildings and sites within NT care. There is a
consensus that the climate is changing (Oreskes 2004), and whether this is due to
anthropogenic influence (Rosenzweig, Karoly et al. 2008) or natural climate
variability (Joshi, Shine et al. 2003), the NT need to be in a position in which they
can best manage their heritage assets. This requires informed decision-making
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taking into account the opinions and influences of a) building and environmental
specialists and b) NT stakeholders, including staff and volunteers, local authorities

and the local community.

To begin this process of management and decision-making, in 2005 the NT issued
a Statement of Intent in response to the threat of impacts from climate change
[Table 1]. This statement acts as guiding principles for how the NT will deal with
decisions on climate change, but also introduce uncertainty in how sustainable it

may be in the future to preserve their assets in perpetuity (statement number five).

Statement

1 The Trust accepts that climate change is real and its causes need
urgent action

2 We are committed to reducing our own emissions from all our
activities; like energy use, land management etc.

3 The impacts of climate change need to be understood and
integrated into decision-making

4 We recognise that we have to adapt to climate change and will seek
to optimise the opportunities and minimise the risks arising

5 It will not always be possible to preserve our properties and contents
entirely unchanged. Unless critical interests require intervention we
should seek to work with the grain of natural processes

6 We should be innovative in our approach to adaptation, but should
also be opportunistic and economical with resources

7 Climate change cannot be accurately predicted so we need to be
both adaptable and vigilant

8 We will be proactive in raising awareness of causes and effects of
climate change with members, visitors and the public; and inform

people of Trust responses to it

Table 1 Statement of Intent and guiding principles [adapted from NT (2005)(NT
2005)(NT 2005)(NT 2005)]

Part of the NT’s response to climate change was setting up a Climate Change
Impacts Group (CCIG), which was put in place to raise awareness, both internally

and externally, of the NT’s approach and principles; provide guidance for property
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managers and other staff on practical measures to minimise the risks of climate
change; and identify priority properties where intervention may be more urgently

needed (NT 2005). Through initial consultation they determined several themes:

e “The need to recognise that we can’t always conserve things exactly as we
might once have. This goes for species, habitats, coasts, gardens or
buildings

e We will have to make decisions about property management and projects
which are ‘climate-resilient’ and allow flexibility in changing conditions

e There are opportunities to exploit as well as problems to deal with

e We need to inform our visitors and Trust members about how we are
responding to new circumstances and why management sometimes needs to
change”

[NT 2012:11)]
These themes were echoed in the NT’s (2005) document, which outlined a strategy
for dealing with climate change at coastal heritage sites, taking a long-term view of
coping with change. Shifting Shores (2005) determined that long-term adaptive
management which ‘works with nature’ (National Trust 2005) was the only way to
balance future social, economic and environmental demands at many of their
coastal properties. The adoption of this coastal management policy sits somewhat
uneasily with the NT's promise to protect the places in their care under their
strapline, ‘for ever, for everyone’. Since 2005, the NT has been developing
communication strategies that take into account emotional attachments to
threatened places and help people to understand and adapt to projected changes to
heritage environments. The Shifting Shores document mirrored the CCIG’s themes
in that it also did not advocate the use of hard defences if these were unlikely to be
sustainable. In 2010, the NT produced a coastal risk assessment identifying that
295 of the NT’'s coastal sites were at risk from either erosion or tidal flooding (NT
2011) [Figure 1].
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The NT is currently using this knowledge (NT 2012), to develop and advise different
coastal adaptation strategies for properties across the country (NT 2012). The risk
map produced as part of the coastal risk assessment [Figure 1] is an indicator of the
complexity and multiplicity of decision-making that needs to take place, with each
location facing a different degree of urgency and severity of impact. The NT want to
engage local stakeholders in the future of their sites, partly to foster understanding
about the impacts of climate change, but more importantly to reach an adaptation or
mitigation solution that is representative of more than just the NT's needs (Jarman
2005). Rob Jarman, Sustainability Director at the National Trust, said that
sustainable heritage does not just mean “holding on to crumbling buildings” (Jarman
2006: 1); rather it means finding ways to protect tangible and intangible evidence
from people and environments of the past. People have struggled to come to terms
with the reality that these sites are under threat from climate change. Therefore,
communicating about change is not purely a ‘duty’ but also needs to deal with

emotional attachments to sites of heritage (Tunbridge and Ashworth 1996).
1.4. Site description

The Tamar Valley is situated on the border between Devon and Cornwall and is
protected as an Area of Outstanding Natural Beauty (AONB). Natural England have
identified the lower Tamar river and valley as requiring higher level stewardship
(HLS), which further justifies its environmental value. Furthermore, Natural England
highlighted significant value of this region for its coastal habitats, historic parklands
and historic buildings (AONB 2009). Adaptation strategies vary at different

locations, and in the Tamar Valley there are interactions between natural habitats
and the historic built environment. For this reason, coastal adaptation strategies

may not have dealt with the issues raised at this site.
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Figure 2 Location of Cotehele Quay, South West, UK

Cotehele (located at N50° 29.6898, W004° 13.5487) is a National Trust site situated on
the River Tamar. The NT site consists of two unique heritage features, Cotehele house and
Cotehele Quay, the latter of which is the primary focus for this study. Cotehele house is
situated at an elevation of 90 m above sea level and was built in 1485 by the Edgcumbe
family (NT 2010). Its elevated position means that it is not considered “at risk” from coastal
change in the foreseeable future. In contrast, Cotehele quay is situated at 1.2 m above sea
level, and lies adjacent to the river Tamar. The historic quayside was a busy port at the
peak of the Cornish mining industry (circa 1850-1905) and is recognised as being of
considerable heritage value due to its links to Cornish mining during the 18" and 19"
centuries. The quay incorporates features of historic interest in the region including lime
kilns, barns, maritime artefacts and the quay itself. Cornwall and Devon were inscribed to
the World Heritage list in 2006 for their significance as influencing the mining world at
large (WH 2010) and Cotehele received special recognition from the Cornwall Mining
World Heritage Site for its significance as a port during the industrial revolution (CWDML

2012).
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The quayside is composed of mixed-use buildings and properties all owned by the National
Trust. This includes holiday rental properties, residential rented properties, and facilities
for visitors, including toilets and a café [Figure 3]. When referred to later in the thesis
[starting in Chapter 3], once the site has been digitised, each of these buildings is referred
to as a separate ‘component’. This refers to their state as digitally recorded objects, as

opposed to their real life existence as individual buildings.

Facilities

(1) Car park

(2) Toilets

(3) Edgcumbe (café)
Aftractions

(1) Shamrock

(5) Lime kilns

(6) Workshop

(7) Discovery Centre
Other

(8) Residential

Figure 3 Plan view of Cotehele Quay and facilities
Due to the landscape and environmental value of the Tamar Valley, it continues to be a
popular site for scientific research. Its proximity to local colleges and universities has meant
that it has been frequented by environmental scientists looking to explore the flora and
fauna (Percival 1929), soil composition (Davies 1983), and estuarine processes (Paterson,
Crawford et al. 1990). Its historical significance as a mining landscape has meant that

scientists continue to investigate the effect of residual mining chemicals and the impact of
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mining processes (Howell, Achterberg et al. 2006). In addition to this, the significance of
the heritage of Cotehele means that social and cultural studies have used Cotehele and the
surrounding villages to situate research regarding the history of Cotehele House (Cordrey,
Bullock et al. 2008; Busby, Hunt et al. 2009) and the cultural landscape of the Tamar Valley
(Harkel, Gosden et al. 2012). Whilst there are specific historical investigations into Cotehele
House and its contents (Johnson, Thomas et al. 1995; Busby, Hunt et al. 2009), these are
not directly related to the research outlined here. As stated previously, there are several
villages in the neighbouring parish to the Cotehele Estate. Although the Tamar Valley is a
site of scientific interest, the surrounding villages are not as historically significant (relative
to Cotehele Quay or the Tamar Valley) and therefore there is no research which
investigates these locales in detail. For the purposes of the research methodology and as
discussed later in this thesis (Chapter 3, Section 3), whilst Calstock was not under
investigation in this research, many of the residents of this small village are frequent users
of the river, and as such were targeted to take part in the research. This relates to further

stakeholder engagement which is discussed in more detail in Chapter 3.

Part of the attraction for using Cotehele Quay for this particular piece of research was that
it offered a chance to simultaneously investigate the scientific characteristics of the river,
marrying this with the historical context of the site. Herring’s (2007) research begun to map
the predominant historic characteristics of Cornwall, followed by Wainwright et al.,
(2012). In some respects this is the first foray into merging the historic and scientific
characteristics of the site. A review of the existing literature demonstrates the
complexity of interactions (environmental, social and historical) that take place at the site,

highlighting its value as a site to study the interactions between these various concepts.
1.5. Project outline

This research used multi-disciplinary methods to go beyond science communication
as a ‘duty’ and a tool for effecting behavioural change [Chapter 2]. This thesis
presents the results of an innovative project which combined laser scanning and
community engagement methods at a heritage site. A literature review provides an
initial indication of the applicability and scope of visual tools for engaging audiences
with scientific data (Chapter 2) with the succeeding research chapters detailing how

laser scanning and 3D modelling can be used in practice. One of the outputs of this
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research was a visualisation tool that can be used as part of a communication
package for the NT at Cotehele Quay; addressing the multiple issues of flooding,
emotional attachments to heritage and heritage management. The resulting tool
was a nine minute mixed-media film incorporating short visualisations from the 3D
model along with contextual data including photography. Beyond this one output,
other results presented in this thesis include an analysis of the complexity of the
mixed-method approach, addressing the appropriateness of laser scanning as a
technique to model the site and the practice of conducting participatory research to

inform the development of the 3D model.

The research project was initiated after a discussion with the General Manager at
Cotehele. Once the NT had identified Cotehele Quay as a complex site for
adaptation, the General Manager knew that a more sophisticated and integrated
approach, incorporating public opinions about what to do at the site, would be
necessary. This stemmed from a history of dissonance at the site relating to
flooding. A group of local residents formed an opposition group, known locally as
Save Our Dykes in the Tamar (SODITT). This group raised money in order to gain
expert advice, conduct research and raise the profile of their opposition to flooding
of a site down river from Cotehele, known locally as the Haye Marsh. The NT had
submitted plans to flood low-lying grazing land in order to alleviate flooding up-
stream, particularly for the Cotehele site. SODITT were successful in their
campaigning and after two failed planning applications withdrew from the process
(SDPV 2012). The result of this exchange between the local community and the NT
created a tension for both parties. The NT had failed to protect Cotehele Quay from
future flooding and simultaneously alienated the local community from engaging in
future conversations, and the local community were encouraged to be sceptical of
future NT activity that would alter the landscape. This resulted in the need for a new
approach for the NT which could overcome the existing relationship dynamic at the
site between the NT and the local community. From the point of view of the
General Manager, the main issue was finding a tool that could start conversations,
rather than communicate decisions. But this tool also needed to address the social,

economic and environmental challenges at the site [Figure 4].
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Cotehele Estate for continued water access to the
Holiday lets site

Figure 4 Economic, environmental and social interactions at Cotehele Quay
[Source: Interview with Toby Fox, General Manager, Cotehele Quay, August 2008]

The interdisciplinary nature of this study required the mastery of two distinct, but
inter-related sets of research. Firstly, spatial data capture methods were explored
using terrestrial laser scanning methods. This provided data for creating 3D
visualisations of the study site. Once these data had been processed, the second
stage was to use these data to facilitate discussions with stakeholders, for
development of visually stimulating, scientifically accurate and contextually realistic
scenarios of change at Cotehele Quay. One of the challenges posed by this
research was that these models had to reflect accurately the projected changes
(driven by climate) whilst being relevant and engaging to a lay audience. Using
terrestrial laser scanning for this purpose raised interesting technical and theoretical
guestions about the levels of realism and accuracy that are portrayed through digital
displays of information. For the NT the main driver of the project was to engage the
local community in open and non-committal conversations about how the NT at one

of their sites could adapt to rising sea levels.
1.6. Research aims and objectives

This chapter has introduced the rationale for looking at heritage risks in a changing
climate. It has explained how climate change as a global phenomenon will impact
on sea level in the UK and how the NT are proactively responding to threats to the
heritage in their care by seeking to engage local stakeholders in the management of
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these sites. The rest of this section outlines the aims and objectives of the research
project, specifically outlining how the objectives act as the structure on which the

rest of this thesis is written.

This thesis is unusual in that it aims to merge very disparate fields of research to
address an area which requires expertise from both technical and social sciences.
The aims of this research are centred on outlining, developing and applying a new
methodology for the use and application of terrestrial laser scan data to encourage
participation in the management of heritage threatened by sea-level rise. In doing
So, it questions current heritage management approaches and their applicability to
emerging threats in the form of climate change. It contributes to the knowledge on
the communication and engagement of stakeholders with data on sea-level rise,
adapting existing engagement methods to create a process that evolves in
partnership with input from stakeholders. One of the specific technical aims of the
research is to demonstrate how terrestrial laser scanning can be used as more than
simply a data capture method for the documentation of heritage. The research
tested how terrestrial laser scanning can be used in an applied way to generate a
visually realistic engagement tool.

In order to evaluate the success of this approach the aims address the technical
and social elements individually, whilst also looking to demonstrate the impact of

using a multi-disciplinary approach. The aims are:

I. To develop 3D visualisations which can be used to engage diverse
participants in an understanding of the projected effects of sea-level rise on a
heritage site.

Il. To arrive at new means of critically analysing the information content of
spatial models derived from (i) so that messages about future change, and
uncertainties in the scientific understanding behind those messages can be
effectively communicated to diverse audiences.

A set of objectives have been written which lead to the fulfilment of the aims. The
structure of this thesis is such that the objectives of the research frame the content
of the following chapters?. The thesis is formed of three methodological/empirical

chapters. For these, the objectives are:

% More on the thesis structure in Section 1.7
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e [Chapter 2] To identify the characteristics of current engagement strategies in
heritage and climate change and to critically appraise present-day methods
(including 3D visualisation) for communicating change in heritage and
climate change.

e [Chapter 3] To explore how terrestrial laser scan data can be used as a
foundation to provide content for community engagement tools.

e [Chapter 3] To determine how to improve, adapt, modify or add to the
terrestrial laser scan data to make it more engaging and useful, through
consultation with focus groups and solicitation of other stakeholder input.

e [Chapter 4] To construct a digital story (or film) about Cotehele Quay and
explore the use of contextual data to do this.

e [Chapter 5] To analyse the participatory process and the implications of
engaging with a range of stakeholders in the development of the

visualisations / film.

As this thesis predominantly explores the methods of developing a 3D visualisation
tool, there is one analytical / evaluative chapter of this thesis which bridges the
technical and social themes of this research. The objectives of this chapter are:

e [Chapter 6] To determine how realism and accuracy are interpreted in 3D
visualisations, and to determine what characteristics and/or processes make
the 3D visualisations appear more ‘real’.

e [Chapter 6] To define the appropriateness and applicability of terrestrial laser
scan data as a tool for communicating sea-level rise at a heritage site.

e [Chapter 6] To contribute to the knowledge and working practice of current
engagement strategies for heritage management, with a specific focus on

iterative engagement and 3D visualisations.
1.7. Thesis structure

The structure of this thesis is organised around a detailed breakdown of the
methods used for technological exploration and application, complimented by

rigorous qualitative data capture. This structure deviates from traditional theses as it
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is a hybrid piece of work, combining social and technological sciences, and a

narrative, chronological presentation is best able to express this integration.

The iterative nature of the project has led to results sections being included at the
end of each methods section, capturing the outcomes of each stage to feed-in to
the next. The structure of the report flows between a narrative of qualitative practice
and a detailed breakdown of the scientific constituents of technical research. The
structure accommodates and reflects the iterative process of data generation and
feedback. Outputs of research engagement are presented and discussed and then
it is demonstrated how these outputs fed back in to the research design.

Although the outputs can in themselves be seen as results (and would perhaps
most traditionally sit within a separate results section), the necessity within the
project to reflect on these results before the research could progress means that
they have to be presented at the point in which they occurred to make sense within
the research as a whole, thus making the thesis structure a chronology of events
that took place.

The central activities of data collection, data processing, engagement and
participation, analysis and feedback were each undertaken at least twice in the
duration of the research. This is reflected in the chapter structure; Chapter 3 is the
first iteration (stage one), Chapters 4 and 5 are the second iteration (stage two).
These are stand-alone self-contained studies into the methodology for creating 3D

tools.

Chapter 6 presents a discussion of the results from the research, showing how the
technical and social elements overlap. The first half of this chapter primarily focuses
on how realism and accuracy can become conflated terms when presenting data
visually. It addresses how the epistemology of realism has always been somewhat
confused, leading to artists and scientists building their own interpretations of realist
theory. Contemporary digital graphic designers have been forced into defining
realism by the technological processes it can render upon an image. It further
discusses how realism when communicating scientific data can cause a misplaced
faith in images, and how this played out in the research. Finally, these sections
address the appropriateness of using terrestrial laser scanning as a dataset for

making 3D visualisations for sea level rise communication.
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The second half of the chapter addresses the participatory processes that were
used in the research, looking at the effect that sustained engagement with the
research project had on the participants own feelings about sea-level rise. By the
end of the research, they were able to articulate their feelings about the threats
posed to Cotehele. These sections also look at a new approach to participation in
science communication, through digital storytelling. This section argues that
although there is a degree of urgency in responding to the threats posed by climate
change, participatory approaches can allow people the time and space to develop
their own thoughts and feelings in regards to change (rather than being force-fed
communication for behavioural change) have the potential to be as effective — if not
more SO — in creating genuine relationships between scientists, decision-makers

and local communities.
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Chapter 2

Literature Review

Objective

To identify the characteristics of current participation strategies in heritage and
climate change and to critically appraise present-day methods (including 3D

visualisation) for communicating change in heritage and climate change.
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2. Literature review

2.1. Introduction

This literature review introduces the key themes of this research: heritage, climate
change and 3D visualisation. The overall aim of this literature review is to critique
the current literature on heritage, participation and engagement for climate change
communication, and 3D visualisation tools and techniques. Each of these areas is
approached independently, with the concluding sections of this literature review
addressing how they overlap and are relevant as joint themes in this research.

The first part of this thesis looks at the significance of heritage sites, as places of
cultural significance. It specifically looks at the literature which identifies heritage
sites as places which engender strong emotional attachments. Following from this is
review of the dissonance that surrounds heritage. From poorly communicated
management decisions leading to tensions between site management and the
public, to the reactionary response that the public can have when presented with
future site scenarios. The review of heritage literature culminates with a
consideration of how climate change is likely to have an impact on heritage sites in
the future, and how mitigation measures thus far have struggled with adequately
engaging the public in discussions about change.

Having recognised that heritage is likely to be affected by climate change, the
second part of the review introduces climate change as a phenomenon which will
be felt across the globe and will impact on meaningful cultural landscapes, the
review first considers the theoretical and historical significance of people’s
relationships with nature. These sections culminate in a critical analysis of how
climate change communication is undertaken; what strategies and methods employ
and use data in a way that is scientifically rigorous, honest, and open and
accurately portrays the data, whilst also being easy to understand and engage with
and visually appealing to a wide range of audiences.

The third part of this review will consider how the data captured by remote sensing
technologies have been used to generate visual data. It will look specifically at the

range of remote sensing technologies (satellite, airborne and terrestrial systems)
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and then how variations in the spatial resolution of these data mean they can be

used to visualise data on a range of spatial scales (from millimetres to kilometres).

The topics discussed in this literature review cross disciplinary boundaries; from
heritage to public participation, climate science and remote sensing. To best
articulate and demonstrate the interactions between these subjects, the sections
offer a series of narrowing sub-headings which look at the detail and interactions of
each overlapping theme. The nature and structure of this literature review is in line
with the thesis of a whole in which a narrative is drawn that articulates the

interactions and complications of addressing social, technical and physical themes.
2.2. Heritage
2.2.1. Place Attachment

For centuries there has been fascination and fear with wild landscapes. Throughout
the Romantic era, this fascination grew into an evolving sense of the sacred,
associations with core values of culture (Konijnendijk 2012). In the late 18" century,
Edmund Burke referenced the wilderness as ‘sublime’, encapsulating both the fear
and awe which are entrenched in natural landscapes (Cronan 1996). Historic
landscape artists of the past, such as George Stubbs and Joseph Turner attempted
to capture elements of nature that invigorate these senses and this is still something
that is present in contemporary art and design (Hodgins and Thompson 2011).
Present day cultural heritage sites often embody much of this sense of past
wilderness and as such they have become sites which are sought after by the public
looking to reengage with historic notions such as romanticism (Chhabra, Healy et al.
2003). People’s attachment to landscapes and nature ultimately mean that there is
an inherent desire to protect and retain the features of landscapes that generate

these strong emotional responses (Kaplan and Kaplan 1989).

The rationale for including a slightly tangential thread within a literature review
primarily centred on heritage, climate change and visualising data is that it frames
the historic context for why people care about landscapes (going beyond the
immediacy of economic impacts). There is a possibility that climate change could
render some parts of the world unrecognisable from their present state, although
this is unlikely to happen within the next 50-100 years from the time of study
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(Mortreux and Barnett 2009). In any case, it is necessary to understand what impact
climate change may have on landscapes and how the historic relationship between
landscapes and people may affect the format and content of visually communicated
data.

Place attachment is the formation of emotional and cognitive bonds with a place
(Scannell and Gifford 2011), not necessarily constrained to sites of heritage or other
culturally significant spaces. One study by Palmer (2009) used place attachment to
heritage to study the epistemology of how knowledge is constructed through
everyday experience of the world. She reasoned that a focus on heritage was
instructive due to its importance in cultural associations with the notion of
inheritance, something being handed down from generation to generation. As
Kearney and Bradley (2009) explain, the constant historic re-making and
contestation of places over time can create a sense of ownership or belonging,
meaning that any new management approaches will have little choice but to take
into consideration local knowledges (Agyeman, Devine-Wright et al. 2009). More
often, new policy and regulation for mitigation of climate change effects on heritage
will face contestation if planning policy processes are not seen to be taking local
knowledge into consideration (Agyeman, Devine-Wright et al. 2009). By considering
that place attachment builds strong emotional bonds it is easy to see why
management decisions made by third parties for the futures of these sites may

cause controversy.

Basso (1996) used the term ‘inter-animation’ to describe the way people actualise
place through experience, memory and emotion. Emotional responses are often
seen as strong triggers for positioning on an issue (Kearney and Bradley 2009),
especially in heritage which are spaces of embodied emotion. Therefore when
developing participatory exercises, place attachment should be seen as a tool for
engaging new audiences rather than a barrier to engagement.

It would be unwise to disregard using place attachment as an emotional or political
trigger to engage audiences with an issue, when drawing together participatory
plans for heritage management (Kearney and Bradley 2009). In some cases even
the simplest act of recognising that colloquial names for heritage may be important

for local citizens, in transmitting a narrative about a place to children and visitors,
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can make the difference between support for or rejection of a cause (Kearney and
Bradley 2009). Applying this type of lay knowledge acceptance when approaching
new audiences for participatory exercises, can alleviate problems from individuals
who may feel more strongly about protecting their meaningful places (Scannell and
Gifford 2011).

Heritage sites that will be potentially impacted by climate change are more likely to
require a more structured approach to place attachment. Scannell and Glifford
(2011) explore how strong connectedness to a place was important to climate
change attitudes and behaviours because it can sometimes engender place-
protective actions (such as opposition to planning and adaptation). In fact using
place attachment as a means to engage audiences in participatory activities can
serve to be counter-productive, especially in the case of climate change related
examples (Devine-Wright and Howes 2010; Scannell and Gifford 2011).
Communities may use their emotional attachments to oppose mitigation measures
that may appear to have negative impacts on heritage (Devine-Wright and Howes
2010). In order to get round this issue it is necessary to use methods which are
clear, concise and accepting of people’s emotional attachments to culturally

significant spaces (Palmer 2009).
2.2.2. Dissonance in Heritage Management

Tunbridge and Ashworth (1996) claimed that one of the characterising features of
heritage was the dissonance that surrounds it (Tunbridge and Ashworth 1996). As
has previously been mentioned, if the past 20 years has seen an increase in
interest in heritage as a pastime and leisure interest (Cowell 2008) then why have
issues of dissonance not yet been successfully addressed? Often the vulnerability
of heritage can cause tension between groups, politically, economically or
environmentally (Lillehammer 2009) as place attachment relationships draw people
into social action against disagreeable mitigation options (Harrison 2010). These
struggles are often caused by identity and values that go beyond the superficiality of

heritage places but manifest themselves when cultural values are challenged.

Garden (2009) argues that heritage management is made more difficult due to a
lack of understanding about what heritage sites ‘do’ and how they ‘work’. As

physical spaces they are easy to identify, but as cultural constructs they are highly
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experiential spaces (Garden 2009). It may be the case that some people are
unclear about heritage, yet for defined local communities and managers the role of
heritage in the landscape may be clearly accepted but altogether intangible (Munjeri
2004). West (2010) draws distinctions between official heritage (recognised and
protected by states and other local government) and unofficial heritage (sitting
outside bureaucratic processes). Unofficial heritage is understood to be in the
intangible expressions of traditional culture: such as craft, dance and song. To take
this a stage further, it may be useful for decision-makers to realise that much
dissonance of heritage management sits within the realm of cultural traditions; that
actually this ‘unofficial heritage’ is what makes heritage so unique and that there is a
need to bridge the gap between the processes for recognising and protecting
heritage (in an official sense) whilst involving the cultural traditions that these sites

encumber.

Drawing attention to contentious issues in heritage management highlights existing
gaps between people and decision-makers; a grey area where the tangible and
intangible are confused. There is a need for more engagement with those who may
feel alienated from decision-making processes, but although the literature does not
show many examples of this, there is to some degree a passive engagement with
heritage (Cowell 2008). This passivity exists between individuals and groups who
may engage with heritage in passive forms, such as site visits and through watching
television. If a passive engagement approach has the potential to alleviate tension

then more research should be carried out in this field.
2.2.3. Heritage and Climate Change

One sector of heritage that is closely affected by the confusions and complications
of heritage dissonance is that affected (or which will be affected by) climate change.
A consensus is building which supports the need for educating the public on the
impact of climate change on this particular area of cultural heritage and the historic
environment (Cassar 2005; Brenner, Dold et al. 2008). Sites especially at risk are
those which historic monuments and artefacts are exposed to damage from

changes along coastlines affected by climate change (Jarman 2006).

Considering the importance of heritage sites for recreation, education and as sites

of cultural significance, there is a considerable lack of understanding about how
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heritage structures have responded to climate over time from weathering (Flatman
2009). Flatman (2009) suggests that without further research into the risks posed by
climate change we will not have time to manage and preserve heritage buildings; if
indeed there is a need to ‘preserve’ at all. How preservation is undertaken is much
debated (Drury 1996; Brown 2005; Brimblecombe, Grossi et al. 2006) with some
studies using advanced technology to monitor degradation (Smith, Gomez-Heras et
al. 2008; Crespo, Armesto et al. 2010). Management approaches tend to be
reactive rather than proactive in responding to threats such as extreme events
(Stratton and Taylor 1996). Heritage managers, however, are beginning to plan for
an adaptive, extended response to climate change impacts which reflects that not
all sites will be sustainable to maintain; having recognised the need for local level
communication and consultation in this process (Tunbridge and Ashworth 1996). It
is important to involve affected people in discussing a long-term view in planning
and management (Sabbioni, Cassar et al. 2006). The need for local level
involvement about future adaptation and management is seemingly a joint call from
the public and decision-makers alike. The public are concerned about planning
decisions that have rendered some stretches of the coast ‘no active intervention’
(DEFRA 2006); decision-makers are more aware that threats to heritage from the
risks posed by climate change are increasingly shared in the public domain
(Grimwade and Carter 2000).

2.3. Climate change

From an academic perspective, climate change is a topic that naturally draws on
many disciplines, such as sociology, anthropology, and environmental
management. This is largely due to the fact that the effects of climate change are
likely to be felt on a global scale. The scientific consensus is that anthropogenic
emissions of greenhouse gases will impact on the global environmental system
(Bertrand, Ypersele et al. 2002; Braganza, Karoly et al. 2004; Storch and Stehr
2006; Rosenzweig, Karoly et al. 2008). There is already evidence of the
environmental impacts of climate change such as ecological change (Walther, Post
et al. 2002) and sea-level rise (Miller and Douglas 2006). Future threats include
risks to livelihoods (Robert 2000), economies (Francesco, Roberto et al. 2008) and

potentially national security (Cinnamon Pinon 2008).
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Institutions across the globe are modelling the impacts of climate change in order to
predict and manage future change (Joshi, Shine et al. 2003). The output of this
research is used to inform local and national policy on mitigation measures.
Currently, the most fine-scale climate modelling for the UK is produced by the UK'’s
Met Office. The Met Office provides climate projections at regional grid squares of
25km?; each grid includes data on temperature and precipitation change, as well as
sea-level rise data for coastal sites. It is more difficult to produce climate change
models on small scales (less than 25km?) as often the data required to model the
impacts are not available at a spatial frequency suitable for such low resolution
models. This means the impacts of climate change on local landscapes are harder
to determine; a greater understanding of local level impacts (Demeritt and Langdon
2004) and a reduction in the uncertainty of global projections (Tallacchini 2005;
Schenk and Lensink 2007; Brown 2010) would contribute to improving climate

models at <25km?.
2.3.1. Sea-level rise

It has been almost thirty years since future climate change was identified as having
an impact on sea level (Barth and Titus 1984). The question now is not how will sea
level be affected by a changing climate, but how much will relative sea level
increase in the future (Rahmstorf 2007). There is no one impact of climate change
that will be felt unilaterally across the globe, and in the UK the threat of sea-level
rise is likely to have one of the greatest impacts on the economies and livelihoods of
people and businesses living and working at the coast (King 2004). For this reason,
the following sections of the literature review deal more explicitly with understanding

trends and rates in SLR and the potential impacts on the UK coastline.

An important point and one that is generally poorly communicated in public
discussions about sea-level change is that the UK is still experiencing glacial
isostatic adjustment since the end of the last glacial period (Varekamp, Thomas et
al. 1992; Hansen 2007; Rick, Boykoff et al. 2010). This means that when
communicating sea-level rise, the degree of change is referred to as either relative
or absolute (Miller and Douglas 2006). Relative sea level is a calculation of mean

sea level minus isostatic rebound, where the land mass is still rising from isostatic
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adjustment (Milne, Shennan et al. 2006). Taking into consideration isostasy, relative

sea levels in the north of the UK are increasing at a slower rate than in the south.

Trends in mean sea level are calculated using several decades of data, showing
mean sea level observations collected from tide gauges around the world (Baker
1993). In the UK as a whole, mean sea levels are rising (Shennan In Press), looking
at variations in the rate of SLR in more detail indicates fluctuations with an

increased rate of SLR over the past 30 years (Wahl, Haigh et al. 2013).

A brief overview of mean sea-level trends for the UK, show that sea levels have
been rising for the last century (Woodworth and Blackman 2002), but simply
extrapolating these into the future may be too great an assumption (Gregory and
Oerlemans 1998; Siddall, Stocker et al. 2009). Over the past 15 years there has
been some confusion over the rate of UK SLR, leading to authors exercising caution
about the use and applicability of historic tide gauge records. In particular,
Woodworth et al., (1999) challenged the appropriateness of creating projections of
sea level based on incomplete datasets®.

At present, there is no alternative to using past tidal records and proxies for historic
sea level to make projections of future rises (IPCCa 2007; UKCIP09a 2009). How
sea-level projections are translated to information that can be used for adaptation
and mitigation strategies and communicated to lay audiences, is something that has
largely been left to national and local government to decide (Nicholls and Mimura

1998) and therefore contains uncertainty and is often poorly communicated.
2.3.2. Communicating sea-level rise

There is a tendency for the national and international press to focus on sea-level
rise as a linear issue that will affect the globe equally (Woodworth, Tsimplis et al.
1999; Connor 2013; Fears 2013; Harvey 2013). Often these press articles relate

sea-level rise to loss of arctic sea ice which can have wide ranging impacts such as

A study Woodworth et al. (1999) showed increasing relative sea level trends for the south of the UK for the
period 1901 — 1996, although they commented that the quality of some records should be questioned. In the
1999 study, records for Devonport tide gauge show a mean sea level trend of 3.04+1.01mm/yr compared to
Newlyn at 1.69mm/yr and Portsmouth 1.45+0.60mm/yr; the Devonport result was deemed as anomalous
and therefore discarded in long term trend analysis. An updated study by Woodworth et al., (2009) show
revised results for the same tide gauges (Newlyn 1.70+0.10mm/yr, Portsmouth 1.58+0.44mm/yr and
Devonport 2.55+0.75mm/yr).
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impacts on global marine biodiversity and changing temperatures (Connor 2013)
despite the fact that this is largely floating ice that does not contribute to sea-level
change. Even though 10% of the world’s population live on low lying coastal areas
(McGranahan, Balk et al. 2007), and any increase in sea level is likely to affect a
large number of people, there has been a lack of national news articles focusing on
specific local threats to locations across the UK. Arguably the lack of local level
stories in the national press is that this falls outside of their remit as press reporters,
but in any case, there should be a more equal distribution of stories that

communicate both global and local impacts of sea-level rise.

Of those articles which are focused solely on the UK, public awareness about the
cause of sea-level rise is centred on isostatic adjustment rather than climate
induced sea-level rise from greenhouse gas contribution to the world’'s oceans.
Whether or not the rate of sea-level rise in the UK is enhanced by increases in CO;
is arguably neither here nor there (Lorenzoni and Pidgeon 2006). Instead,
communicating the risks of sea-level rise should take priority (Pidgeon and Fischoff
2011) in whatever circumstances it is induced. At present there is a significant lack
of clarity about the degree to which the public are able to make judgements and
decisions about what information is relevant to them, and this has led to sea-level
rise communication continually being targeted at a broad and confused public
(Weingart, Engels et al. 2000).

Particular areas of confusion have centred on the regional variance, magnitude, and
regularity of anticipated coastal flood events (Marcos, Woppelmann et al. 2007;
Rick, Boykoff et al. 2010). These are very much issues which need addressing on a
regional, if not, local scale (Merz, Thieken et al. 2007). At present, and in some
ways to address the gap identified in regards to communicating to a non-targeted
audience, local authorities and regionally-based organisations (such as the
Environment Agency) have stepped in to help communities better understand the
impacts of sea-level rise on their coastline. Unfortunately, at present, it is not the
public who are pushing the communication agenda, and whilst the academic
literature is able to monitor and comment on the frequency of news articles (Boykoff
2007; Boykoff and Boykoff 2007; Carvalho 2007; Rick, Boykoff et al. 2010) and
alternative engagement strategies (DiBiase, MacEachren et al. 1992), in reality the

structures and guidelines providing a framework for communicating both sea-level
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rise and climate change more generally are embedded in European legislation
(2008); having the greatest impact on the amount of communication being

undertaken on a local level.
2.3.3. Communicating climate change

One of the ways to help frame thinking about sea-level rise communication is
turning to the examples of climate change communication. In doing so, it is possible
to identify emerging trends and narratives that are regularly used to communicate
climate change and what, if any, other approaches have been taken to tackle
communicating complex scientific data. This section does not intend to cover the
wealth of literature on the subject, instead it focuses on contextualising the research
amongst climate change communication and the evolving field of research that has
begun to transition towards engagement approaches, such as upstream

engagement.

When climate change first came to public awareness, much of the communication
centred on science and policy implications (Boykoff 2008; Moser 2010), but over
time, this shifted towards scaremongering tactics and as a result there remains in
mass media, a perpetuating discourse of ‘fear’ (O'Neill and Nicholson-Cole 2009),
as well as a lack of balanced reporting on the consensus of anthropogenic
greenhouse gases (Boykoff 2007). This has somewhat hindered climate change
communication, as publics are now seemingly more sceptical of climate change
science, and as a result as less emotionally engaged with the subject (O'Neill and
Nicholson-Cole 2009). In addition to this, unless there is direct suffering as a result
of climate change, the urgency at which action needs to take place is difficult to
communicate. Whilst, behavioural change is not always the intended outcome for
communicating climate change, it often serves as the driving factor (Wolf and Moser
2011). This apparent ‘need’ to change individuals’ behaviour, (although not
particularly relevant to this thesis as it was not the intended outcome of the
research), has driven other researchers to investigate the motivations for, and

perceptions of, climate change communication.

One of the challenges that climate change communication faces, is the battle
against the disconnect people face between themselves and the environment

(Klepeis, Nelson et al. 2001), taking this into account, it is disconcerting that mass
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media is the front line source of information about climate change for the general
public (Boykoff and Boykoff 2007; Boykoff 2008). Ultimately this leads towards how
climate change is framed either as a scientific matter or as environmental
stewardship — which has proven to have more effect on people’s willingness to
respond to an issue if they feel directly implicated (Wardekker, Petersen et al.
2008). Research suggests that in developed countries, climate change is seen as a
distant threat (spatially and temporally) that is non-personal (Ohe and lkeda 2005;
Leiserowitz, Maibach et al. 2008). To counter this, academics have considered how
non-environmental factors, such as social marketing (Corner and Randall 2011),
and the ‘celebritization’ of climate change (Boykoff and Goodman 2009) could
change the perpetuating discourse of climate change as something which is unlikely
to have an effect on individuals.

Looking more specifically at individual responses to climate change communication,
there has been a recent shift [in the climate change domain specifically], towards
upstream engagement (Corner, Pidgeon et al. 2012). This is the process of
involving “members of the public in constructive dialogue about emerging and
potentially controversial areas of science at the earliest possible stage” (Corner et
al. 2012:456). It emerged out of trials in nanotechnology (Pidgeon and Rogers-
Hayden 2007; Kurath and Gisler 2009) and later in synthetic biology (Tait 2009).
The value of upstream engagement is in generating and understanding the full
spectrum of public opinion before the technology is launched. By involving the
public in the testing and experimentation of new technology, the engagement builds
up a two-way dialogue (Wynne 2006), based broadly on Fiorino’s (1990) four

arguments presented in Section 2.5. of this thesis.

There has been a shift in the trajectory of climate change communication, from top
down communication towards upstream engagement approaches. This process
involves people in decision-making and ‘trial and error methods of creating
communication and engagement tools. Whilst this does not solve how mass media
portrayals of climate change affect public perceptions of the issue, it leads towards
a new paradigm of public engagement which can help, in particular, climate change
engagement approaches which are targeted at localised, groups of people.
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2.3.4. Visual ways of communicating climate change

As discussed in the previous section, climate change communication has followed
several trajectories. These trajectories have resulted in a shift in the way that
regional and local climate change is shared, particularly due to an increasing
reluctance to use ‘communication’ as a way to describe the sharing of scientific data
(Jude, Jones et al. 2006). Whilst communication may still be the primary way of
disseminating knowledge on a national and international level (particularly through
traditional media channels), this is seemingly less effective for specific audiences

who are more adverse to ‘receiving’ information about places they are familiar with.

However, transitioning to an alternative model of sharing climate change data on
regional and local scales is fraught with complexity. Visual tools have emerged in
the literature as one of the more effective ways of engaging people and they offer
the opportunity to convey complex messages simply and clearly when used

appropriately (Sheppard 2005).

Visual tools can be produced in many formats; from the digital (e.g. 3D
visualisation) to the artistic (Van Kouwen, Dieperink et al. 2007). Artistic visual
interpretations may lack the accuracy of computer generated models for showing
change, but in some circumstances can provide a valuable new perspective on
climate change and have a profound long-term impact on those involved in their
creation. At two sites in the south-east of the UK the organisation Red Earth, in
collaboration with the NT, engaged local community with coastal change
(Lowenstein 2005). This approach involved the public forming a line to show one

prediction for the future coastline [Figure 5] (Lowenstein 2005).

46



Figure 5 Birling Gap, East Sussex. Artistic representation of where the coast will be
in ‘years to come’

Red Earth’s approach shows how artistic approaches are one response to research
on coastal change. This artistic interpretation of the data, demonstrates how it is
possible to engage a large number of people — predominantly from the surrounding
communities — in interpreting scientific data. However, artistic methods are
susceptible to subjective interpretation and therefore lack the clear and concise

messaging available from other visual tools for share climate change data.

Three-dimensional data visualisation (3D visualisations) have emerged as another
solution to combining artistic and scientific realms in data visualisation, particularly
as two-dimensional visual tools are becoming redundant in a society whose
everyday experiences are increasing technology-centric (Sheppard, Shaw et al.
2008). 3D visualisations have been used for many years in geographical information
systems as a tool for visualising urban and rural landscape change, and therefore
the accuracy and rigour at which data can be manipulated is well-recognised
(Appleton and Lovett 2003; Dockerty, Lovett et al. 2005; Wang 2005). Similar tools

are now being exploited as an alternative engagement tool.

Early attempts to improve public participation (Webler, Kastenholz et al. 1995)
found electronic means were unable to capture the complexity of needs and
requirements of public audiences to reach a state of democratic participation. There

are still many complexities when using visual tools, for example Phipps et al.,
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(2010) explain that it is not simply a case of removing the technical language, as if
they are only understood or engaged with by those who contributed to its creation,
they can become a constraint for novice users (Mokrech, Hanson et al. 2009;
Phipps and Rowe 2010). Yet as outlined by Sheppard (2012), there are significant

advantages to attempting 3D visual tools, these are often motivated by:

- Improving people’s understanding of the future with climate change, by
communicating complex scientific information clearly

- Conveying what it might be like to experience climate change in the context
of specific communities, to help build climate literacy and preparedness

- Sparking the imagination, exploring solutions and inspiring action
[adapted from Sheppard 2012: 355]

There are two research institutions who are carving the path for 3D visualisations
for climate change engagement; these are the Tyndall Centre, at the University of
East Anglia, and the Collaborative for Advanced Landscape Planning at the
University of British Columbia. The Tyndall Centre developed the ‘Coastal
Simulator’ where the user could ‘enter into’ a coastal zone affected by climate
change (Nicholson-Cole 2007). The final visualisation was developed at a time
concurrent with review of the SMP procedure, so user feedback was largely
influenced by the SMP process. The intention of the modelling results was not to
develop specialist knowledge of coastal processes, but to achieve user recognition
of the landscape. These allowed the user not only to position themselves spatially,
but be aware of a temporal rate of change through cliff erosion. Brown et al. (2006)
states that creating identifiable and associable ‘nodes’ within a visualisation may be
a key point of success if users are to engage with abstract forms of science
communication, and this is all the more important for small-scale sites where local
communities recognise and share the coastline. The Coastal Simulator produced by
the Tyndall Centre incorporates three types of visualisation 1)standard time series
(lines representing cliff erosion) 2) 3D visualisation and 3) uncertainty
representation (Nicholson-Cole 2007). The intention is for it to be used as a platform
for knowledge transfer including communication and engagement with non-

specialised stakeholders. The quality of realism* used in the graphic displays of the

* Realism is discussed in section 2.11.2.
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Coastal Simulator needs further consideration and until user feedback is acquired
this will struggle to be effective for lay audiences. Although there are an increasing
number of studies looking to understand and visualise the effects of climate change
[Figure 6] (Jude, Gardiner et al. 2007), how well these create ‘realistic’ looking

models which engage people whilst being scientifically robust is an area that still

needs considerable work.

Figure 6 ‘Realistic’ visualisation Normandy Marshes; present day (left), 2080
medium low (centre) and 2080 high scenario (right) (Jude, Gardiner et al. 2007)

The CALP department initiated a Local Climate Change Visioning Project
(Sheppard 2012), and conducted some of the most detailed exploration into
landscape visualisation for climate change engagement, by any single organisation.
Demonstrating the complexity of working on landscape visualisation, the project
drew on resources from a number of different disciplines, including psychology,
social marketing, landscape architecture, natural sciences and climate science
(Sheppard 2012). The extensive research drew on an iterative visioning process
with various stakeholders in order to “explore the implications of climate change
impacts on their [the participants] region and explore linkages with other community
priorities” (Sheppard 2012:406). The Project worked with two communities and
developed bespoke 3D visualisations for both locations. As a result, the Project
reported that both communities were more aware of climate change and felt that it
was more ‘real’ and ‘urgent’. Participants also reported an increase in support for

climate change policies.
2.3.4.1. Feedback

Perhaps a reflection on the stage of development of the technology, there is
seemingly very little feedback about the success of the visualisation tools as a

method of engaging people. Papers point towards areas in which audiences have
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responded positively (for example the landscape ‘nodes’ as suggested by Brown et
al., (2006)), but the overall success is proving difficult to measure. Having clearly
defined goals for a visualisation would be an evaluative criterion, but this could
undermine the exploratory nature of the tool in the first instance. One of the
challenges of collecting feedback, is being able to assess the effectiveness of the
tool, but also determining what changes to make to the visualisations themselves.
Sheppard’s work with the Local Climate Change Visioning Project is one example of
specific and detailed feedback on the visualisation to communicate climate change
(for example, 29% of participants reported they had learnt a great deal about
climate change), but more data is needed across a range of projects. Building in
evaluative and assessment criteria into the visualisation development process, as
demonstrated by Bruno et al., (2010) is another solution. If these tools are to
develop into a serious alternative to other forms of sharing information, their

effectiveness needs to be properly assessed (Tompkins, Few et al. 2008).
2.3.4.2. Where next with visual tools?

Advancing technological capabilities have led to increased experimentation with 3D
visualisations as a possible engagement tool. This has aligned with a shift in
emphasis from climate change communication, to climate change engagement,
fuelling greater public participation in the creation of visual tools that can aid sharing

knowledge.

The move away from traditional 2D visual tools is demonstrative of the complexity of
trying to simultaneously combine complex scientific data in a form which is visually
engaging. The advances in 3D visualisation are demonstrable in the defined
motivations for following this route (e.g. from Sheppard 2012). The potential
flexibility of these tools, which is really only starting to be exploited, shows promise
with regard to their applicability to capturing the interest of diverse audiences. As
experimentation with visual tools continue, researchers need to bear in mind both
the audiences, but also the policy context in which visualisations are being

developed; they are unlikely to ever stand alone in isolation.

2.4. Climate change policy and guidance
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The Climate Change Act 2008 was the UK's first legally binding long-term
commitment to tackling changes in the levels of greenhouse gases. The Climate
Change Act’s primary aim is reduce carbon emissions by regulation and monitoring,
but included within this legislation were guidelines for more structured adaptation

strategies that deal with climate change impacts. Notably:

1. A UK-wide Climate Change Risk Assessment (CCRA) that must be carried
out every five years.

2. A National Adaptation Programme (NAP) which has to be reviewed every
five years - setting out the Government’s objectives, proposals and policies
for responding to the risks identified in the CCRA.

Decisively, it is not solely the role of the government to be proactive about changing
behaviour and attitudes towards carbon consumption. Yet, it has a responsibility to
act as a facilitator of knowledge, to disseminate provision of support and guidance
to help local authorities and other government funded agencies share this
knowledge. The UK government have not taken any one climate impact in isolation
when deciding policy. In fact it could be argued that the regulation of carbon

emissions has been prioritised over the last 10 years.

In 2007 the European Union passed the EU Flood Directive (2007), outlining an
EU-wide approach to dealing with the threat of flooding — included in this remit is
tidal flooding. The Directive spawned a series of UK based laws focused on better
management of flood prone areas of the UK, including: the Marine and Coastal
Access Act 2009, Costal Change Policy 2009 and the Flood and Water
Management Act 2010. The most ambitious practice to be encouraged by the EU
Directive was the support for Integrated Coastal Zone Management (ICZM). In
theory, an ICZM approach brings together different policies and decision-making
structures, fostering cohesion among coastal stakeholders to reach common goals
(DEFRA 2008). In practice, ICZM has recognised economic and ecological benefits
(Bower and Turner 1996; McGlashan and Firn 2003), most notably the ability to
identify causal links across disciplines and geographical regions (Van Kouwen,
Dieperink et al. 2007). Compared to individual efforts to manage our coastal assets,
ICZM adopts an holistic approach where political, ecological and economic
boundaries are crossed to create a “desirable mix of socially desirable products and

51



services” (Bower & Turner 1999:6). The limitations of an ICZM approach are that it
fails to take into consideration social cultures along the coast; although not explicitly
stated, the end goal of ICZM is to generate an economically successful coastline
with less regard for existing cultural discourse. By neglecting to engage with the
social dimensions of coastal areas, the ICZM tends to work on a model which is

seen as reactionary rather than proactive (McGlashan 2002).

With regard to climate impacts on coastal sites, adaptation policies organised on
principles of ICZM may not be the most effective approach for helping individuals
and local communities deal with predicted impacts. The cross-boundary approach
of ICZM may make policy and planning a less bureaucratic process, but it fails to
address the emotional, social and financial constraints individuals have along the
coast. Nicholls, Wong et al. (2007) argued that adaptation strategies should be
integrated into ICZM and should not act as ‘stand-alone’ efforts. In some
circumstances, in order to tackle individual needs there will need to be a breakdown
of the coastal zone into geographic regions that have a similar purpose or role; in
this way localised issues that arise can be addressed that find ways of adapting that
are more localised and meet the needs of the local community, especially as new
and uncertain futures are played out under climatic changes (Weinstein, Baird et al.
2007). Due to rapidly changing knowledge and understanding regarding climate
change impacts, it is yet unclear if ICZM will be have a long-term position as a
coastal management strategy. Literature thus far shows little evidence that ICZM
will shift towards incorporating social issues in its ‘holistic’ approach (Weinstein,
Baird et al. 2007; Portman, Esteves et al. 2012).

2.4.1. Coastal adaptation: support and guidance

As part of the on-going effort to bridge the economic and social needs of coastal
sites, planning policy and guidance has been receiving considerable attention in
recent years. This includes round two of Shoreline Management Plans 2009-2010
(DEFRA 2006), and a Consultation on Coastal Change Policy (DEFRA 2009).
Alongside the development of policy and guidance on the impacts of climate
change, there was relatively little complementary support for exactly how (and who)
should be engaging with the public to share these plans. To address this, DEFRA
funded a Local Authority-led initiative aimed at improving understanding of how
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coastal communities can adapt to coastal change (e.g. Pathfinder Projects) (DEFRA
2009). The Pathfinder Projects allowed local authorities the freedom to develop
adaptation solutions that were more suitable to local issues and flooding concerns,
through a process of engagement and communication with the public. Even though
the Pathfinder Projects gave local authorities a degree of freedom in how exactly to
communicate and decide on future plans for coastal sites, it has raised questions
regarding the most effective method for communicating these changes. Dorset
County Council received £376,000 for the generation of site specific coastal
scenarios, using a range of visual media. An interview with Project Officer, Henry
Aron (August 2010) who co-ordinated the development of these scenarios,
explained that currently no precedent is in place for how these should be created
and deciding scenarios will be a “collaborative decision between scientists and

stakeholders” (Interview Henry Aron, Project Assistant, August 2010).
2.5. Community engagement

Arnstein (1969) attempted to conceptualise a model of participation with the ‘ladder
of citizen participation’. Arnstein suggested that the partnership level (rung 6 on the
ladder) enables the powerless to negotiate and engage in trade-offs with traditional
power holders and is the first meaningful step towards citizen empowerment.
Arnstein is sceptical about the motives for most participatory exercises, and
assumes that any meetings which are initiated for participation can be turned into
“vehicles for one-way communication” (Arnstein 1969: 219). It is further suggested
that participation without the redistribution of power can be an empty and frustrating
process.

This distrustful standpoint serves to undermine any attempt at participation and
discourages rather than encourages participatory techniques. Collins and Ison’s
(2009) critigue of Arnstien’s ladder led them to suggest social learning as a new
paradigm for participation in climate change adaptation. They believe that social
learning involves a collective engagement process which assumes stakeholders are
intelligent, responsible agents who are able to co-design their own adaptation
policies (Collins and Ison 2009). They criticise Arnstein’s ladder for constraining the
way we think about participation, particularly in a climate change context. Taking
Collins and Ison’s (2009) argument further, there is still scope to questions how
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power relations between stakeholders and academics could easily form between
those who are knowledge-rich and knowledge-poor. In contrast to recent research
(Kesby 2007), Collins and Ison’s (2009) research does not intend on ‘picking sides’;
it is not about empowerment or power, but concentrates more concertedly on a
shared knowledge of the future. These ideas build on Burgess and Chilvers’ (2006)
work regarding the design and implementation of a framework for evaluating
participatory methods. Rather than a ‘ladder’ in which there is a top and bottom
(inciting negative connotations of ‘top’ being superior), they suggest engagement
approaches are structured along a continuum, with one end being the provision of
information, and the other the delegation of decision-making power (Burgess and
Chilvers 2006). Ultimately their argument is that the purpose of participatory activity
is to achieve agreement about the end result and its purpose.

This adds a positive dimension to an otherwise negative critique of participation. As
Petts (2008) explains, trust can be built when specific elements of information can
be traced to particular sources whose reliability can be tested. In a climate shrouded
by uncertainty and constant debate about the future of carbon emissions and sea-
level rise, the focus of participatory theory should shift to centre more effort on
helping researchers and scientists understand how participation can be a tool to
communicate and co-produce scientific findings; rather than used as a position of
power in communicating scientific findings and developing trust for ‘easy’ decision-

making (Few, Brown et al. 2007).

The need to build trust as intrinsic to the engagement process stems from people’s
increasing lack of control over the social dimensions that affect them (Fiorino 1990).
Arguably, building trust through engagement mechanisms builds democratic skills in
those involved as well as overcoming any feelings of powerlessness in the process
(Fiorino 1990). Trust and engagement go hand in hand: the key to building trusting
relationships is time. Building trust between participants can be difficult to create
and maintain throughout engagement process (for example: SMP review, DEFRA
Pathfinder Projects). Reed’s (2008) research into stakeholder engagement draws
on several studies which critique the appropriateness of engagement processes. In
Reed’s (2008) view, participation should not be approached as requiring a ‘tool-kit’,
instead it should be viewed as a ‘process’. By taking this approach when building

long-term relationships between the public and decision-makers trust is established
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as each party negotiates solutions. Reed (2008) suggests caveats to long-term,
protracted, engagement particularly in regards to the philosophy and approach of
the researcher and the emphasis that is placed on helping the participants to
recognise and have genuine control with regard to shaping the outcome. Larsen
and Gunnarson-Ostling (2009) explore the term ‘participatory service contract’ as an
alternative for participatory ‘process’. This is a much more commercial and top
down approach to participation and engagement as it suggests those involved are
entering in to a binding contract which they are contractually obliged to fulfil. An
alternative, and perhaps more applicable method to develop trust within a group
could be a deliberative shift in the focus of a project from the output, to the process

itself being open and diverse (Larsen and Gunnarsson-Ostling 2009).

Running in parallel to power, the space in which engagement occurs should also be
considered. Shifting strategies for engagement (as outlined in Burgess and Chilvers
(2006)), have changed the need for spaces of engagement; moving toward social
spaces in which participants feel able to share their views and experiences.
Lefebvre suggested that social relations only exist in the spaces in which they are
experienced (Lefebvre 1991), and that they have no reality outside their
environment. Taking Lefebvre’s argument, spaces for engagement are a unique
environment which is unlikely to be created elsewhere. Therefore, ‘participatory
spaces’ need not be bound by social constructions of power, rather should act as
‘heterotopias’ (Foucault 1995) where beliefs and ideals can be explored and
debated without confinement to the laws of normal social dynamics. An interlinked
dimension to how participatory spaces can be heterotopias is Cornwall's (2002)
proposal that power, space and time are interlinked, suggesting that participatory
spaces open up a socio-spatial arena governed by a set of discourses and practices
quite unlike those that order everyday spaces and agency (Cornwall 2002). Jupp
(2007) suggested that groups may respond differently to being involved in
engagement activities if they are frequently invited into working groups or asked to
participate in some form of engagement exercise. Those most frequently invited to
engage in engagement are groups with either a little or a lot of contact with policy-
makers (Jupp 2007). These groups may therefore be exposed more frequently to

spaces where the boundaries of power are blurred.
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Although both power and space remain a consideration within engagement
strategies, this thesis looks to override a hierarchical approach. It is clear that when
attempting engagement to aid decision-makers, the power relationship may lie with
the ‘gatekeepers’ of knowledge, regardless of efforts made otherwise. Successful
engagement strategies could arguably rest on two factors 1) ensuring that
participants have the power to really influence the decision 2) ensure participants
have the technical capability to engage effectively with the decision and the process
(Reed 2008). Climate change data, from a general public’'s perspective can be
confusing and misinterpreted (Nerlich, Koteyko et al. 2010). For this reason,
following the two factors outlined by Reed become more significant in the context of
climate change engagement approaches (Nerlich, Koteyko et al. 2010; Wolf and
Moser 2011). This thesis will attempt to distribute power relations between the local
community and managers by focusing on the means as well as process to produce
visualisations rather than the end product (as proposed by Larsen and Gunnarsson-
Ostling 2009).

Fiorino (1990) developed a participation theory of evaluating risk, in response to a
technocratic orientation which did not reflect citizen participation in risk decisions (or
the democratic orientation). Participation theory is founded as a counter argument
to the technocratic orientation, based on a substantive argument that lay knowledge
is of equal value to that of experts, a normative argument that technocratic
orientation does not align with democratic ideals, and finally, an instrumental
argument that citizen participation legitimizes decisions. Fiorino (1990) proposed
four criteria for evaluating risk which take into account the democratic values: direct
participation of amateurs in decision, collective decision-making, structure for face-
to-face discussion and an assessment of the opportunity it offers citizens in feeding
in their knowledge. These criteria are based on the assumption that individuals have
the capacity for collective decision-making and political awareness to contribute
meaningful to risk decisions. Fiorino’s (1990) argument was that by approaching
risk evaluation using these participatory methods, citizens would be less likely to
feel powerlessness and alienation and would ultimately contribute more to the

political system.

For some time, the focus remained on public involvement for developing policy (i.e.

decision-making). As theories of engagement and participation evolved, there was
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an emergence of evaluation criteria to attempt to identify the ‘quality’ of the
engagement methods (Walls et al. 2011, Rowe and Frewer 2000). Rowe and
Frewer (2000) developed evaluation criteria broken down into two sub-categories:
acceptance criteria and process criteria. Traditional engagement methods were
then analysed against these criteria, demonstrating that a hybrid approach (using
multiple methods of engagement) would work best in most cases, achieving the
majority of criteria. The ‘top-down’ methods (e.g. public hearings), perform most
poorly according to these criteria. Building on this work, Chilvers and Burgess
(2008) developed an ‘analytic-deliberative’ process of appraisal. This approach
further explores the relationship between scientific analysis and the engagement
process. Chilvers and Burgess (2008) work critiqued the framing and construction of
engagement processes, suggesting a move towards a constructive relationship
between science and democracy would alleviate the tension that participation is
becoming institutionalised. Both Chilvers and Burgess (2008) study and Wall et al.’s
(2011) research contribute two notable findings which are relevant to this thesis:
firstly that attaining measurable evaluation criteria should be built into informal and
organic forms of engagement, and secondly that participants should be notified of

the influence of their contributions.
2.6. Strategies for engagement

Engagement strategies for environmental decision-making existed before the need
to communicate the effects of climate change (Few, Brown et al. 2007) and have
been prevalent since the uptake of Principle 10 of the Rio Declaration in 1992 (van
den Hove 2006). The focus of this section is how engagement is enacted in an
environmental context, and the recent development of specific coastal change
engagement strategies. In the UK, coastal managers and decision-makers are
provided with empirical support for understanding the impact of coastal change in
the form of Shoreline Management Plans (SMPs). The UK coastline is broken down
into regions and then individual contractors are employed to conduct research into
the effect climate change will have on that area of coastline. The guidance for SMP
engagement (DEFRA 2006) involves two-way stakeholder engagement at stages 4
(public examination) & 5 (finalise plan) of the project. It explicitly states that in order

for an effective dialogue to be generated more than one way of passing information
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should be undertaken, otherwise the objectives of the SMP will not be met.

Strategies for information sharing have included:

e Focus Groups

e Advisory Committees

e Workshops

¢ Round Table Discussions

e Questionnaires and Surveys

e Exhibitions and Road Shows

e Public Meetings

e Multi-media approaches to share

information

e Structured Interviews

e Semi-Structured Interviews

e Forums

(DEFRA 2006)

The development of the SMP strategy evolves over several months and this gradual
process benefits the involved parties or stakeholders as it develops and sustains
relationships over this period (Satherley 2009). A criticism of the SMP engagement
strategy is its approach to contacting and maintaining stakeholder interest. Although
an initial advertising campaign is carried out to make the public aware that an SMP
is being undertaken, later in the process no new interest is generated. A lack of
continual engagement reinforces a top-down approach whereby information is
presented and in theory should be accepted. Considering that future scenario
planning involves uncertainty (which is, as previously discussed, complicated to
communicate), it may well be that reducing the amount of public engagement in
producing the SMPs is a strategy for limiting criticism. Satherley et al. (2009) found
that sustained contact with a local interest group raised community awareness of
the issue and developed trust and ongoing interest with participants. Increasing the
amount of contact with participants has the potential to alleviate the pressure to
arrive at a finite decision yet requires an intense engagement strategy. Unlike the
SMP review, Satherley’s study took place on a small scale, in a local community:
there needs to be a compromise between national and local projects where a
greater number of stakeholders are engaged and this is then sustained.
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Arnstein’s “Ladder of Participation” has since been explored and re-theorised by
many researchers looking to redefine individual components of the ladder (Collins
and Ison 2009). On a superficial level it is clear that elements of the SMP
engagement strategy are merely an effort towards what Arnstein coined tokenism.
This suggestion is derived from the fact that most engagement strategies are aimed
at devising engagement strategies that aid in successful decision-making. For this
reason, the end goal is to make adaptation policies more implementable at a
management level and the focus is retained above the public sphere. Both in
practice and reality there has been a lack of research into the benefits of public
participation for engagement’s sake, and rather a focus on engagement for
successful decision-making (van den Hove 2006; Fletcher 2007; Milligan, O'Riordan
et al. 2009). To address this, DEFRA established the Pathfinder Project in June
2009. This was the first collaborative scheme which encouraged local authorities
(LAs) to engage local stakeholders in conversations about the impact of climate
change and work with them to develop strategies for the future. Unfortunately many
LAs lack a successful precedent for the development of engagement strategies and
the SMP engagement strategy was poorly received. Meeting set objectives may
help engagement strategies have more success, rather than just providing a ‘box
ticking’ service. One Pathfinder Project, at Slapton in South Devon, has created a
new participatory approach in order to communicate coastal change. This may have
been a reactionary response when an access road was breached by a combination
of high tides, low pressure and strong winds. Since this event, how the community
and LA have responded has initiated a re-invigorated interest in successful
engagement (Trudgill 2009). As Larsen et al. (2009) suggest the idea is to stimulate
processes open to different possible scenarios without experts steering the process
too much, something which has seemingly been a success in the Slapton Sands

example.
2.7. Tools for Monitoring Cultural Heritage

This PhD project is focusing on community engagement at a heritage site at
Cotehele Quay in Cornwall and has so far established that heritage sites affected by
climate change need effective communication strategies which engage the public in
understanding the impacts, whilst also being mindful of people’s attachment to such

places, and in some cases, using this as a tool to foster enhanced engagement.
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This section looks at the application of spatial data as a tool for visualising heritage
landscapes. Firstly comparing airborne and terrestrial laser data capture methods

and then looking at how this data can be visualised to convey a message.
2.8. Spatial Data

The scope of this section is to review how remotely sensed data have been used to
create visual representations of reality which can then be used in community
engagement. Spatial data is thus called for the ‘spatial’ element, as these data each
have a geographical reference (Haining 2003). Three dimensional (3D)
visualisations will require data that are spatially distributed, conveying information
on the location, shape, size, height and texture of the object/s under observation.
Such spatial data can be captured using a variety of technological tools, including
satellite remote sensing (e.g. optical or RADAR imaging) (Tatem, Goetz et al.
2008), airborne data capture (e.g. optical or thermal videography, laser scanning
(LIiDAR), and hyperspectral scanning) (Flood 2001; French 2003), ground based
surveying (e.g. differential GPS surveys, ground-based laser scanning, field
mapping (Tarchi, Rudolf et al. 2000; Patias, Grussenmeyer et al. 2008; Zhilin, Chen
et al. 2008). The range of technological options for the capture and visualisation of
spatial data for public participation exercises means that each have advantages
over another for specific purposes. Each method is able to capture data with
different resolution characteristics (spectral, spatial and temporal resolutions) but
each method provides data at different resolutions and these differ between the
types of remote sensing system selected, thus each is required to ‘trade off’ its
ability to capture one resolution in order to enhance another. A comparison of
different systems is shown in Table 1. Greater geographic coverage (extent) can be
met with satellite and airborne methods; however these offer reduced spatial
resolution compared to ground-based methods. If recording and observing
environmental change is necessary then the regularity and reliability of satellite data
can provide datasets of change over long timescales, where this may be difficult
with manual recording (such is the case with DGPS). This table demonstrates that it
depends on the requirements of the research what resolution the data needs to be
collected at, and that this may be constrained with the availability (frequency of

capture) of data or financial cost of collection.
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Type of data Spatial Spectral Coverage / | Temporal Orbital Data cost | Reported spatial | Indicative
resolution | resolution extent (swath) | resolution distance accuracy (in x,y | reference
(m) domain)
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Land Imager) TIR
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0
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Hyperion) 16 days accuracy / 2007)
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surveys defined required 2005) al. 2005)
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on scan Range Low (excl scanner. Leica
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: system, . N/A equipment (Lemmens 2009)
scanning 1000 model (0 — required Target accuracy
usually one cost) .
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2010)

Table 2 Systems for capturing spatial data of landscape features: a comparison




2.9. Terrestrial Laser Scanning vs. Airborne Laser

Scanning
2.9.1. Terrestrial Laser Scanning

Terrestrial laser scanning (TLS) as a method in remote sensing data
capture is still in its infancy when compared to aerial LIDAR systems, and
currently there is no consensus on a ‘best practice’ (Hodge 2010).
Therefore when choosing TLS as a survey tool, one must carefully consider
the capabilities of a wide range of systems. Numerous studies have
attempted to do this (Huisug and Perierira 1998; Lemmens 2007), yet few
have been successful in realising the potential in specific applications (e.g.
documenting cultural heritage), instead focusing on general comparisons in
accuracy and precision. A TLS system is “any ground based device that
uses a laser to measure the three-dimensional coordinates of a given
region of an object’s surface automatically, in a systematic order at a high
rate in (near) real time” (Barber et al.,, 2003: 622). The data collected is
more commonly known as a point cloud, which is a common co-ordinate
system where each data point has an X,Y,Z value as well as an intensity
value (Barber 2003).

TLS has applications in many fields of research (Jones, McCaffrey et al.
2009), and the choice and availability of different scan systems means there
is a scan model capable of capturing data on almost any scale. TLS
systems are optimised for fine-scale, detailed analyses of localised patches
of landscape and would not be useful for extents of greater than a few 100
metres by a few 100 metres, therefore it is not possible to gather regional or
global extent data with these systems. Table 3 shows a comparison of
some of the most popular scanners used in the documentation and study of
cultural artefacts. For cultural heritage documentation there has been a
focus on using close-range laser scanners as these use the technique of
triangulation for data registration. Triangulation is preferred in this context

as it guarantees both high accuracy and fine spatial resolution (<2mm) for
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small and detailed artefacts (Boehler, Heinz et al. 2001). An alternative
principle for data capture is time-of-flight, which is primarily used for larger
scenes as increasing the distance range of the laser beam decreases the
recorded accuracy using the triangulation method (Boehler, Heinz et al.
2001).

System Measurement Frequency Range Performance
Leica HDS 3000 Pulse 1000 Hz >100m A: 6 mm @50
Mensi GS 200 Pulse 5000 Hz 700 m R:3 mm @100
Optech IL-RIS 3D Pulse 2000 Hz 800 m A:3mm <100
Riegel LMS Z 360 Pulse 8000 Hz 800 m rF?: 5 mm
Riegel LPM-25HA Pulse 1000 Hz 2—-60m R: 1 mm

Table 3 Comparison of laser scanning operating models (A: Accuracy at

known distance, R: Finest spatial resolution achievable)
Buckley et al. (2008) explained that longer range instruments use a higher
power laser in frequencies such as infrared, however there is a trade-off in
that the laser diverges at greater distances resulting in lower positional
accuracy. Close-range scanners have traditionally been more popular for
cultural archiving as a lower powered laser may have a limited range
(<100m) but the shape of the beam stays stable; leading to higher accuracy
and available spatial resolution (Buckley, Howell et al. 2008). It should be
noted that due to the range of scan models, testing accuracy will need to be
carried out prior to each project on the model used in a particular study
(e.g.Boehler, Heinz et al. 2001).

Although close-range scanning is popular for digital recording of small
objects, one of the advantages of using a laser source is that the laser light
is extremely bright and highly focused (Pavlidis et al., 2007), suggesting
that the opportunity to use this on larger scales should not be overlooked.
Interdisciplinary studies which look at landscape scale heritage sites are
less common, although beginning to be undertaken (Zheng and Wang
2007; Entwistle, McCaffrey et al. 2009). Entwistle et al's (2009) covers an

area of 60x40m, which is a useful comparative study considering the site

63



observed in this thesis is approximately 100x40m. Entwistle et al’s (2009)
study suggests that TLS produces enhanced spatial resolution and
improved vertical accuracy, and is much cheaper to implement, without the
need for airborne surveys. The popularity of TLS is increasing and much
work on documenting heritage (artefacts or buildings) is demonstrated on
the Cyark website (Cyark 2010). Cyark is an organisation which aims to
capture, using TLS, sites of global heritage importance and provides a
portal for the dissemination of surveying work undertaken. The advantage
of using laser capture for heritage is that these sites are potentially remote
or protected areas where close-range scanning may not be possible and
aerial LIDAR does not provide sufficient detail at a high enough spatial
resolution. Whilst digitally documenting heritage (artefacts and landscapes)
using TLS creates a digital record, often these digital archives go little
further than providing educational tools and sources and data for research

and are infrequently applied proactively in other situations.

Use of hybrid techniques, namely TLS and photogrammetry, has been
widely documented (Ahmon 2004; Boochs, Heinz et al. 2006; Pesci, Fabris
et al. 2007; Yastikli ; Boochs, Huxhagen et al. 2008) especially for cultural
heritage recording. This data combination has advantages for recording
cultural artefacts as digital photography can capture the spectral qualities of
a surface which aids when developing visualisations; something which
many terrestrial laser scan models lack (Boochs, Heinz et al. 2006). The
additional time implications of including more than one dataset have been
highlighted (Boehler and Marbs 2004), but Boehler et al. (2004) argue that

increasing the amount of data can only benefit the final model.

An alternative to TLS and photogrammetry is the use of aerial LIDAR to
make landscape scale models. This combination has been less well studied
(Buckley, Howell et al. 2008) which is no doubt due to the large datasets
generated from scanning and the physical constraints of using laser
scanning, such as the cost of acquiring a suitable model, weight for

transportation and travel, and the range of environmental conditions that
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prohibit survey work (Entwistle, McCaffrey et al. 2009). Dransch (2000)
argued that “the visualisation of spatial data is not restricted any longer by
technical constraints” (Dransch 2000:5) the lack of research into
visualisations of landscapes using fine scale data suggests otherwise. The
ability to combine datasets collected at varying spatial scales can be an
important part for contextualising a study and an appreciation of cultural
sites can best be achieved by viewing them in context and combining TLS
with aerial LIDAR datasets can achieve this, something which current
heritage digitising omits (Cyark 2010). There is a continuing quest to get
higher spatial resolutions on a landscape scale (centimetre resolution over
metres) (Smith, Chandler et al. 2009). Whilst a higher resolution provides a
more detailed image of the landscape, there is a lack of technology which
allows these data to be visualised (Dekeyser, Gaspard et al. 2002). As is
the case with much TLS data, it is frequently observed that not all the data
recorded is required. This is a frustrating dimension of TLS as it increases
the processing time spent dealing with millions of points, which ultimately

may be redundant.

2.9.2. Airborne Light Detection and Ranging (LiDAR)

Aerial data acquisition has advantages over its ground-based alternatives in
that one is able to acquire information about landscape features of a greater
extent (Guenther, Cunningham et al. 2000; Jude, Jones et al. 2006), as well
as providing a more spatially efficient method for collecting data of broader

geographic coverage (Booth, Cox et al. 2008).

The coverage extent of LIDAR (km scale) and spatial resolution (~2m+) has
proved popular for archaeological purposes (McCoy and Ladefoged 2009)
and recent research has been in feature detection of archaeological sites
(Devereux, Amable et al. 2008; Hesse 2010). For both Devereux et al.
(2008) and Hesse (2010) 2.5 metre resolution has been sufficient for the
detection of many slight archaeological landscape features [Figure 7].
McCoy et al. (2009) suggest this is still not fine enough and can be a

limiting factor to detailed archaeological surveying. One study had to
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exaggerate the scale of the DEM generated from LIiDAR data 20 times in an
effort to portray subtle features of the landscape (Hesse 2010). Although
this thesis is not looking to ‘discover’ or survey archaeological sites, the
distortion generated by exaggerating the scale of the data by this amount

will hinder the ability of the visualisations to appear ‘realistic’.

Figure 6 Examples of earthwork features which were detected by LIDAR
analysis (a), but which are not visible on the aerial photography (b) (Challis,
Kokalj et al. 2008)

The elevation accuracy reported by the HDS 3000 laser scanner is
significantly higher (6mm) than the elevation accuracy from LIiDAR data.
Hodgson (2004) studied the accuracy of the reflected laser beam over
different surface topographies and found that on the smoothest surface
(pavement) an error of 14.9cm was observed in the LIDAR data, increasing
over complex topographical structures to 20.3cm in deciduous forests.
Palamara et al. (2007) suggested that by combining elevation data from two
separate remote sensing techniques it is possible to show error and gauge
the accuracy of the data. Unless the two datasets are derived from the
same source it may not be possible to accurately compare the error of
elevation between two datasets without resulting in a relative data precision
for the two instruments used.

Another area of advance for the use of LIDAR technologies is the

development of full-waveform LiDAR. Waveform capture presents
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interesting opportunities for remote sensing scientists in that compared to
simply receiving the time-of-flight from the laser pulse, the entire return
waveform from the laser pulse is collected, and in that manner detailed
information on the entire vertical structure within the laser footprint is
gathered (Flood 2001). Although this contributes significantly to the
observation of landscape features beneath forest canopies (Persson,
Soderman et al. 2005; Sittler, Weinacker et al. 2007; Doneus, Briese et al.
2008), its applications in the field of cultural heritage are yet to be explored
and it could be argued that its relevance to the development of 3D displays

is limited as it is currently more of an exploratory spatial analysis tool.

As the context of this thesis is climate induced change, the responsiveness
of a particular dataset to change must be taken into consideration. TLS
data, although captured remotely, requires the user to be within a certain
range (100m for the Leica HDS 3000 used in this study). The frequency of
data collection is dependent upon the user’s ability to visit a site. For
applications in disaster response and monitoring TLS is relatively useless in
the immediate aftermath. The frequency of LIDAR data acquisition can
provide a rapid and thorough way of gathering data in an emergency
(Stoker, Tyler et al. 2009) as well as being able to generate rapid
acquisition of new landscapes. However, one of the barriers to more
extensive use of LIDAR is the expense of conducting an aerial survey,

which can cost upwards of £10,000.
2.10. 3D Visualisation and Communication

Scientific visualisations often stand alone as a tool for communicating
scientific results, yet this review has so far revealed that although
visualisations can be useful engagement tools they are not independent
from broader social interactions (Bruno, Bruno et al. 2009). In participatory
exercises a visualisation should not be placed as a stand-alone effort to
inform, rather one step towards an holistic communicative process.
Therefore how spatial data is visualised is crucial to how it is applied in a
social context and needs careful consideration. There has been recognition
that scenarios using spatial data are not well suited to dealing with local
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landscapes (Munday, Jones et al. 2010) and visualising a regional
perspective is required (Entwistle, McCaffrey et al. 2009). But there is still a
lack of studies which deal with this in three dimensions (Whitworth and Hunt
2004; Munday, Jones et al. 2010). Data captured from both airborne and
terrestrial remote sensing technologies can be transformed into 3D visual
displays, but the available data formats for online publication may not be
compatible with an intended user’s available technology (Guney and Celik
2004). Intended public users of visualisations frequently do not have access
to computers with sufficient computer memory, nor the same software used
to create visualisations. Visualisation ‘pop-up’ stations have been explored

as one way to present visual data to users (Bruno and Bruno 2010).

The online publication of point cloud data produced from laser scanning is
becoming more frequent. Websites such as those produced by Cyark
(2010) have attempted to showcase the scope of data collection possible
when using ground-based scanners, although little has been done to
disseminate Cyark’s work any further as at present its remit is to act as a
conservation and repository. Cyark use the raw point data in order to
document and archive heritage sites for preservation purposes. Although
important, in order to be more widely acknowledged the point clouds need
to be transformed to something people can identify with in a real world
context (Dursun, Sagir et al. 2008). The purpose of Cyark is to create virtual
archives of heritage sites and for that purpose it may not be necessary to
move beyond the raw point data. Especially since these data can be used
to analyse the spatial characteristics of a site for architectural and
engineering applications (Pieraccini, Fratini et al. 2009). There is though,
potential for these data to be useful as a visualisation tool, and for this the

raw data requires further manipulation.

Few researchers have attempted to create realistic looking models from the
raw point cloud data and this is probably due to lack of access to software
and high time investments for the collection and processing of the data
(Entwistle, McCaffrey et al. 2009; Bruno and Bruno 2010). The study by
Bruno et al. (2010) stressed the complications of capturing and visualising

spatial data of this kind, optical limits of the hardware when scanning black,
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white or highly reflective surfaces and scanner definition too poor to map
texture. The conclusions of this work found that although processing the
data was time-consuming, the end-goal of sharing this data with the public
was achievable as the format worked in several computer software
packages and the visualisation screen set-up was easily transferable to
other sites. Regrettably, only informal user-feedback was collected thus

limiting the extent to how future studies can improve on these methods.

Early papers highlighted the challenges faced by geographers and
cartographers in mixing geographical data with animation and 3D
visualisation (Dorling 1993) and a research paper by Flood (2001)
suggested that within five years, the emergence of reliable software tools
for the visualisation of LIDAR data would be a significant area of growth
within the commercial sector. It could be argued that this predicted ‘growth’
has not occurred at this anticipated rate, as GIS software is still the principal
choice for LIDAR visualisation (Alexander, Smith-Voysey et al. 2009) and
alternatives are costly. Evidence suggests a move towards practical
applications, as there is a shift towards mainstream users and commercial
interest (Beraldin 2004). The desire for a ‘digital Earth’ means that laser
scanning could be the beginning of a paradigmatic shift in the way that data
are captured for public and commercial uses (Yilmaz, Yakar et al. 2007,
Boyd 2009).

Currently, most models that exist as a public resource are primarily used in
their role for field mapping and reconnaissance by the public (Smith and
Pain 2009), however there is a requirement and call among the research
community for more work which looks at the outreach dimensions of
visualisation of scanning technology (Smith and Pain 2009). The
methodology for producing a working visualisation in promoting heritage
objects and structures has been little explored, although some effort has
been made to engage the public with visualisation tools (Al-Kodmany 2002).
Al-Kodmany (2002) used a mixture of photographs and digital images to
create a mixture of different visualisation tools. He found that although new
resources in visualisation media were emerging, traditional methods should

not be discarded and could be incorporated into any future workings. Future
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studies on developing 3D visualisations should remember that heritage
sites are places which have a historical value and putting too much
emphasis on modern approaches may intimidate supporters of a traditional
approach to communication and engagement efforts.

Geographical Information Systems (GIS) offer the potential to be used not
only as a visualisation tool, but have the ability to geo-reference, carry out
exploratory spatial data analysis and include supporting information
(Burrough 2001). GIS offers the possibility to fuse data of differing spatial
and temporal resolutions into one model. This was successfully undertaken
by Brown et al. (2006) who initially took cliff erosion rates in a vector file,
creating a sample polyline to match the co-ordinated rates of erosion along
a cliff face. A 2D representation of rates of erosion was developed. High
resolution LIDAR altimetry data in 2km tiles each with a data grid at 2m
horizontal resolution were combined with the spatial database of coastal
erosion rates to create a 3D model. This was one of the first papers to focus
on attempting to communicate coastal change to the public and it highlights
the need for multivariate and multiscale datasets in order to achieve the
final result of focus on their potential role as awareness-raising tools. It may
not always be appropriate to focus on one method for visualising data, such
as in the case of Brown et al., (2006) as there are limitations to focusing on
one kind of software over another (Entwistle, McCaffrey et al. 2009). The
results of Brown et al. (2006) highlight that coastal decision-makers are in
need for communicative tools that not only make visual representations of
planning proposals, but are also able to offer communities a chance to
share in understanding the future. Although how to achieve this using
terrestrial laser scan data is yet to be identified, there is potential to produce

even more localised, realistic and engaging visualisations.
2.11. Realism and Accuracy in Digital Data

It is indisputable that climate change will affect cultural landscapes
(Sabbioni, Cassar et al. 2006) so establishing how best to share expected
impacts is critical not only to aid managers, but also to help local
communities deal with the emotional attachments to sites of heritage. Using
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spatial data to create 3D displays of information can provide a rapid method
to generate and share information. At this juncture there is a socio-technical
barrier between determining a sufficient level of accuracy and providing

adequate realism to create engaging visualisations.

This barrier is a product of the relationship between accuracy as a feature

of the data, and realism, which is how data accuracy is handled by the user.
2.11.1. Data accuracy

Accuracy in data can be defined as being the sum of [un]bias and precision
(Foody and Atkinson 2002), and accurate data are therefore those that
closely represent the “truth” (closeness to the true value). Bias can most
easily be described as an expectation of over or under prediction, generally
from a range of measurements. Systematic errors increase bias, therefore
an assumption can be made that if calibration of a laser scanner has not
been undertaken, any intrinsic biases will propagate as scanning continues.
This is not only the case for scanning but also needs to be considered
during location decisions for survey work and during subsequent pre-
processing where registration of scans could lead to propagation of bias.
Precision can be defined as an expectation of the spread of errors around a
mean error (Foody and Atkinson 2002) and in a measurement sense,
relates to the spread of data values if a constant is measured. Precision
tells us about the reliability with which an instrument can record data points
of the same measurand. Accurate data of a fixed measurand would
therefore be tightly clustered around a mean value which closely

represented the “truth”.

Returning to Table 3 we can see that the scanners range in their accuracy
between 1 — 6mm but this varies across range; the Mensi GS 200 maintains
a higher accuracy level at a larger range compared to the HDS 3000. Due
to the range of scan models, testing accuracy need to be carried out using
the model in a particular study (Boehler, Heinz et al. 2001; Schulz and
Ingensand 2004). Where the data is used in applied architectural and
structural surveying the fluctuations in mm accuracy may be important. For

the visualisation of heritage, accuracy is not always the predominant
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demand (Boehler and Marbs 2005; Devereux, Amable et al. 2008). If this is
the case, then it raises questions about the expectations of lay audiences in
regards to accuracy. At present there is no research which addresses how
lay audiences perceive the accuracy of terrestrial laser scanning datasets.

For TLS, the accuracy of a measured point is to an extent controlled by the
support of the laser points (“an n-dimensional volume, within which average
values of a variable may be computed” Dungan et al. 2002: 627). Changing
the spatial resolution across a dataset will affect the accuracy of the
registered data and furthermore spatial resolution provides a limit to the
scale of spatial variation that is detectable (Foody and Atkinson 2002).
Calculating accuracy as a measure of [un]bias + precision to produce a
quantitative result is not significant if the level of realism in the displays
does not engage an audience. There needs to be a consideration of the
wider application of these models in order to communicate a robust
empirical grounding. By losing the ‘true value’ (point in relative x,y,z space)
and accuracy of the original dataset a risk presents itself of achieving too
much realism while sacrificing the true values of data. Creating a misplaced
faith in realistic displays also termed ‘naive realism’. What is currently
lacking clear guidelines, is the effect on the trust and validity of datasets
where the data have been manipulated to achieve a degree of realism. It is
impossible to avoid all error and inaccuracies in data collection, but this
thesis is concerned with the inaccuracies generated during processing of

the original data.

A significant problem when discussing accuracy is that error can propagate
as the data are processed, and although initial scanning at a dense spatial
resolution may appear to provide a more complete dataset, this can be
problematic further in the workflow. This is significantly so if the data is to be
meshed in order to generate a digital elevation model (DEM). As Pieraccini
et al. (2001) explained, a noisy point cloud can disrupt the mesh creating
larger inaccuracies in the dataset than previously captured. This is clearly
dependent on the size and framework of the mesh. Increasing the number
of triangles or polygons which construct a mesh is normally advantageous,

however this may reduce/improve data accuracy. Reduce accuracy from
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increased interpolation between data points, if the ratio of spatial resolution
covering an area is not equal to the number of triangles/polygons meshing a
surface b) improve accuracy as fewer extremes are generated from outlying
data. In most cases increasing the density of the mesh will provide a more
realistic texture to a surface, but these examples tend to be close-range
scanning of artefacts (Dekeyser, Gaspard et al. 2002). Although Dekeyser
et al. (2002) argue for accuracy in the field of cultural heritage
documentation, the focus on digitising heritage for conservation work may
not require the same consideration as that for providing visualisations
based on projections of climate change, especially for the use of TLS on
landscapes. A solution to communicating the inaccuracies in the dataset
could be to share this information via the 3D model, however in the context
of this thesis it could confuse rather than clarify a distinction between data
accuracy and climatic uncertainty and therefore requires further

consideration.
2.11.2. Realism

Realism is a notably broad and subjective concept when applied to data
visualisation. As Chapter 6 will look at in more detail, individual perceptions
of realism are prone to subjective interpretation (Feigenson 2006). In the
case of realism in data visualisation, there is is an added level of complexity
in that realism can be mis-interpreted as data accuracy and mislead

audiences.

For spatial data, there are essentially two dimensions to any visualisation, i)
current real-world conditions and ii) the virtual interpretation of this / the
desired model (Addison and Gaiani 2000). Recognising these is an
important step in developing the workflow in order to consider cost and time
implications of processing the data to balance the current real world
situation with the visual representation of a site. Realism in 3D visualisation
is complicated to convey as it is largely determined by the viewer's
perception of what is ‘realistic’. Sheppard (2005) suggests that increasing
the recognisable content of the visualisation contributes to what people will
find ‘realistic’, such as following recognised footpaths along a coastal trail or
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placing benches which are recognisable to those who frequent these

places.

An interesting dimension to realism in 3D visualisation was proposed by
Roussou (2006) who explained that computer visualisations “had the ability
to engender fascination far beyond its commercial prospects and practical
limitations, even before it had the opportunity to undergo [...] a process of
maturation” (Roussou 2006: 265). The public may have expectations which
exceed the capabilities of the form in which information is presented to
them, creating confusion when trying to interpret visual data. Sheppard
(2005) sees the ultimate aim of visualisations to their use in effecting a
response to climate change (in reducing emissions). Although this could be
seen as scare tactics, Sheppard argues that by improving the realism of the
display, the response from viewers will be close to real world responses.
Whilst Sheppard’s approach has the potential to be effectual, it is still
closely aligned with more traditional forms of communication for behaviour
change (as discussed in earlier sections of this literature review). An
alternative view and the approach that is taken in this research project, is
that visualisations can be used as tools to support conversations about
change. Rather than being a catalyst for behaviour change, they can be
used to initiate a dialogue between the NT and communities, helping the NT
manage the emotional response that losing heritage may have.

2.11.3. Realism vs. Accuracy

There exist contrasting views over the importance of the level of photo-
realism for 3D displays and some have argued that this is a deciding factor
in the success or failure of visualisations (Roussou and Drettakis 2003),
whilst others such as Zuk et al., (2005) argue that presenting a photo-
realistic visualisation may not be the most effective tool in communicating
results if the user perceives accuracy through photo-realism, or that realism
was achieved through good rendering of the 3D model (Rossi, Marini et al.
2004).

A display of the raw data geo-rectified to the national grid may suggest

‘realism’, yet what users perceive to be ‘real’ may not be the same as what
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constitutes realism for spatial data applications. Jude et al. (2006) found
that people knew what they wanted in terms of realism, although major
concern was shown over the perceived definitive-ness of the visualisations:
“one particular concern was that the visualisations provide an air of certainty

over uncertain coastal processes” (Jude et al., 2006: 1536).

To create a 3D model which clearly shares and offers access to scientific
information, requires a thorough consideration of how important both
accuracy and realism are to those viewing and creating the models. The
ultimate aim of many visualisations is to achieve an appearance of reality,
known as photo-realism (Ervin 2001). The constraints of the available
technology may make this a difficult process, as data may be limiting in
terms of quality or spatial resolution. It is also important to consider that the
user’'s perception of what reality is will differ from person-to-person. The
accuracy of the underlying data set which provides the foundations for the
3D display may be taken in a different context when the data is used for

public interaction.

When moving beyond the initial data there could be a shift from looking at
the accuracy of the data to the content of the visualisation and in this
respect there could be a distortion between accuracy and representation
(Roussou 2006). Ultimately Roussou argues that accuracy in the
representation of heritage can be inter-changeable with authenticity “the
quality of being genuine, not being corrupted from the original”; placing the
viewer in a context that is as close to the real-world as possible. This
suggestion highlights the divide between a researcher who captures spatial
data for use in heritage studies and sees accuracy as a semi-quantitative
representation of a measure produced from the recording device, and the
creator of a 3D model of this data. Between each, the boundaries of
representation and accuracy are blurred. Developing a visualisation tool
which is flexible to the needs of researchers, decision-makers and the
public, can initiate a debate as to what these mean to different users and
help to define what ‘realism’ and ‘accuracy’ are for future studies.
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2.12. Conclusions

This review has attempted to look at a spectrum of research covering the
relationship between climate change data, communicating and adaptation
and then practical approaches to creating scientific visualisations.

This review tells us that although there is plenty of research into how best to
communicate climate change, there is a discourse of fear within the media.
This discourse stems from communicating the global impacts of climate
change, rather than focusing on local issues. Local impacts of climate
change vary globally, and it is not the case that increases in temperature,
precipitation and sea-level rise will cause negative impacts in every case.
Communication attempts need to focus on addressing local impacts of
climate change (Dockerty, Lovett et al. 2005), and early research suggests

that using storytelling narratives and visual tools may be one way to do this.

Using spatial data to make an accurate and realistic model of a site is
seemingly one way to achieve the site specific focus required; the range of
remote sensing tools available for landscape visualisation is vast. Choosing
the most appropriate spatial resolution depends on the application of the
data, but in the case of showing projected sea levels the spatial resolution
and accuracy of the data are paramount. Combining terrestrial laser
scanning and aerial LIDAR datasets allows for varying spatial resolutions to

produce an accurate and realistic interpretation of a landscape.

The application of TLS data in cultural heritage is not new, but using it for
the communication of sea-level change has yet to be explored. Combining
the flexibility of using TLS in 3D digital design software and storytelling for
community engagement with climate science information may pave the way
forward in creating long-lasting, original and engaging approaches to

communicating climate change.
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Chapter 3

Project Inception and the First
Visualisations

Objectives

To explore how terrestrial laser scan data can be used as a foundation to

provide content for community engagement tools.

To determine how to improve, adapt, modify or add to the terrestrial laser
scan data to make it more engaging and useful, through consultation with

focus groups and solicitation of other stakeholder input.
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3. Project Inception and the First Visualisations

3.1. Introduction

This chapter is the first in a series which chart the chronology of the
research from data collection through to the production of the final film. The
chapter deliberately integrates discussions of methods and results, in order
to draw out the implications of decisions made and how these decisions
have impacted on the research. This approach is best suited to reporting of
a research project where the development methodological approach is as

much as part of the research brief as the findings from the methods.

Figure 8 shows the breakdown of the chapter structure of the
methodological chapters of this thesis (Chapters 3-5) and provides an
overview the technical and engagement activity that took place over a three
year period. This includes the initial fieldwork, followed by modelling the
data and then iterations of engagement and model development. Three
groups were engaged with, focus groups consisting of members of the local
community and NT staff and volunteers, a working group [section 3.7] made
of industry experts from the environmental sector and members of the
public for a public viewing [see Chapter 5, section 5.9]. Each of these

activities fed in to the overall development of the final nine minute film.

Due to the structure of activity and its iterative nature, some results are
presented particularly early on; for example the results of the first round of
working groups [section 3.8]. Analysis of the working group meeting was
undertaken immediately after it was held and the results fed back into the
research design. By allowing the structure of the chapter to accommodate
the integration of results, the report better demonstrates the impact of the
participatory process and iterative development of the visualisations [Figure
8].
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A large proportion of this chapter is dedicated to outlining in detail the
methods for collecting and processing data needed to make a 3D model.
What these sections demonstrate is that there is an underlying tension
between presenting a realistic model vs. a spatially accurate one, when
using spatial datasets which are traditionally used for the examination of
landscape characteristics and environmental change, in order to process
them to make them visually appealing. There is little guidance on how best
to achieve a realistic 3D model, as each approach is unique. The visual
appearance of the 3D model is controlled by tweaking and fine-tuning the
software rather than understanding the characteristics of the data and how
they are manipulated. This chapter charts the spatial accuracy of the data
through the processing stages [Figure 9]. Whilst the raw data are not
changed during processing, the accuracy of the resultant model is,

therefore the spatial accuracy and the realism both apply to the model.
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Figure 8 From data collection to 3D model: the three processing stages
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The main focus of this chapter is to demonstrate how the first iterations of
the visualisations were received by various groups who had been invited to
take part in the research; in response to this feedback the visualisations
were improved and developed. Early meetings with the working groups
[section 3.7] established a network of individuals with a vested interest in

the seeing the project progress.
3.2. Introduction to chapter structure

This chapter sets the foundation for the working methodology as a whole,
and as such presents a combination of qualitative and quantitative data
collection. The chapter is written as a series of chronological actions and
processes, communicating not only the methods used, but also
demonstrating how each decision fed into the development of the research
as a whole. It is not conventional to present some results of the research so
soon in the research, but this structure is essential to share an
understanding about how the research progressed. The chapter starts by
outlining the position of the researcher in the project as a whole, thereby
justifying the chronological ordering of a combined methodology and results
chapter. This is followed by an introduction to the working relationships with

the NT and with industry professionals.

The first meeting that took place was with the working group; this discussion
informed how the research was approached, so the outcomes of this
meeting are discussed in detail. Having gained some insight into how the
visualisations were likely to develop, fieldwork took place over three non-
consecutive days. This chapter presents how the terrestrial laser scan data
were captured and the factors affecting the data’s accuracy. The following
sections introduce the additional spatial data that were collected and
processed; this is followed by discussion of how this fed into the
development of the first iteration of a 3D model, presented at the second

working group meeting.

82



The second half of this chapter discusses how the participatory process
was initiated with the second iteration of the visualisations; these were
shown to a core group from the local community as well as the NT staff and
volunteers. The final part of this chapter considers results from the focus
group meetings and first iteration of the visualisations, introducing the
following chapter which demonstrates how the results from this chapter fed

in to improving and refining the 3D model.
3.3. Role as a Researcher

As is the case with much community engagement around climate change, it
is somewhat difficult to step aside from an advocacy role when engaging a
group of people in thinking about change (i.e. when the researchers believe
that climate change is taking place it is difficult to act unbiased and not to
act in the interests of climate change mitigation) (Nisbet 2009; Ockwell,
Whitmarsh et al. 2009). This research takes an independent set of data and
uses this to share information on sea level rise at a specific location; this
meant that it was difficult to create space between the role as a researcher
and as person acting with some degree of advocacy. Research that focuses
on social issues leans towards advocacy as the researcher will likely have a
strong attachment to a particular issue (Graddol, Maybin et al. 1994).
Deliberate or otherwise, placing oneself in an advocacy role may mean
providing a voice for these participants, raising their consciousness, or
advancing an agenda for change to improve the lives of the participants
(Kemmis & Wilkinson 1998).

Kemmis & Wilkinson (1998) suggested particular attributes of researchers
acting in an advocacy role, particularly those engaging participants as
active collaborators in the research. It would go too far to suggest that as a
researcher at Cotehele the intention was to be an advocate for changing
perceptions of climate change, but it is not unreasonable to assume some
degree of advocacy for changing perceptions about the impacts of sea level
rise. Whatever tangible advocacy changes are manifested as outcomes of
this research may not be attributable to the project, but are nonetheless a
factor of the research having taken place.
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The paradigmatic shift in attitudes towards research approaches led
researchers to realise the impact of triangulating qualitative and quantitative
methods to validate research (Jick 1979; Blaikie 1991). Triangulation was
defined as: “the combination of methodologies in the study of the same
phenomena” (Denzin 1978:291), and although the methodological approach
used in this research is not triangulation as such, it can be argued that the
root of combining datasets stems from an exploration of mixed-methods
dating back some 30 years.

Evolving research methods deal with the complexities of combining
qualitative and quantitative techniques including: concurrent triangulation
strategy, sequential exploratory strategy and sequential transformative
strategy (Flick 2009). One of the distinctions between these strategies is
that only the latter has a theoretical perspective to guide the study (Flick
2007). The aim of this theoretical perspective has a role in guiding the
research in an advocacy role that goes beyond the use of the methods
alone. In some respects it could be argued that the researcher was acting
as an advocate on behalf of the NT for public relations exercises and box-
ticking when it comes to community engagement; yet the research
approach is heavily focused on developing unique digital tools to engage
communities and therefore presents as more than advocacy on behalf of
the research participants. It presents a way of interpreting digital data that
gives it purpose in digital forums for change communication and
engagement. The qualitative methods used in this study reflect the need to
include multiple perspectives in the research design. Focus groups were the
predominant qualitative research method used throughout the project;
further introduction to their application in this project is given in later
sections. Other qualitative research methods included secondary archival
research into the history of flooding in the Tamar Valley and semi-structured

interviews.

One of the tensions that Creswell (2007) highlights is the need to ‘prioritise’
one type of research over another (qualitative over quantitative or vice
versa), this being dependent on the audience and/or the emphasis of the

study; using the terms ‘dominant’ and ‘less dominant’ to express priority of
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one research method over another. This research uses both qualitative and
quantitative at different stages and it is easy to see how Creswell's (2007)
idea of having one dominant strand can become entrenched. However the
iterative processing of data means that it is less likely that one strand will
dominate over the other. As this chapter continues to demonstrate, each
method ran sequentially, as one dataset was dependant on the results

feeding into the next stage.

The question over advocacy and concern for helping the participants to
understand the research was also experienced by (Bondi 2007) who
struggled to communicate with interviewees that she had no influence over
decisions made regarding the closure of primary schools in a British city.
She felt guilt that she was in some way leading on these people who at
some level might have felt that she had some persuasive effect on the
outcome. The complexity of the role of a researcher when engaging with

people on a sensitive issue is summarised nicely as:

“The emotions expected of researchers thus range from the
passionate immersion associated with the ‘drive’ needed to conduct
research, to the cool contemplation associated with the capacity to
‘stand back’ and reflect critically on one’s own ideas” (Bondi
2007:p233)

3.4. Critical reflection on the research process

Throughout the course of my PhD | engaged with and connected with
numerous local residents, stakeholders, industry professionals as well as
informally sharing my research and methods with other academics and
technical support staff. The most straightforward way to address this, is to
think of the work chronologically. Similar to many research projects, the
general methodology and approach to participation and engagement was
mapped from the outset. This meant that whilst the people who | was
hoping to involve were yet to be contacted, | knew that | wanted to engage

numerous times with the same stakeholder group.
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The first attempt at recruiting focus group participants fell flat, gaining no
responses from sending pre-paid postcards and short information packets
to selected stakeholders. Following this, personal emails and calls were
made to the same group.

It is likely that the people | was targeting to take part in the research were
suffering from ‘research fatigue’ (Clark 2008), although an investigation was
not conducted to identify if this was the case. Meaning that due to lots of
research take, covering similar disciplines — changes to the river, the impact
of climate change on biodiversity (see section 1.4 for an overview of other
research that has taken place in the Tamar Valley) — then those who are
recognised as the most likely to know the most about the river will often
been repeating themselves. This is the case in urban areas research which
targets specific groups or marginalised communicates (Way 2013) and in
rural communities where there are a limited number of people who can
respond on a particular topic (Mandel 2003). In the Tamar Valley, some
responses to the invitation to take part in the research were hostile. The
ferryboat men were angry at repeatedly being asked to take part in research
which, in their opinion, had little effect on them. As an academic it was
upsetting and disheartening to get this response, particularly considering
the motivations and processes in this research were more inclusive and
would ultimately feedback to the communities. | hostility | encountered
meant approaching different audiences to meaningfully engage in the

project.

My second attempt at recruiting participants involved a visit to Cotehele
Quay and the neighbouring town of Calstock. Calstock was where many of
the primary stakeholders for my research lived; including landowners whose
properties were at risk of regular flooding. | used this visit as an opportunity
to explore who else could potentially be involved in the research project. |
contacted the editor of the local newsletter. Like many other studies (such
as Crowhurst and kennedy-macfoy 2013), it was finding this ‘gatekeeper’
which helped me to unlock contacts from the village who would be
interested in taking part. This was the gatekeeper to those actively involved

in the community, rather than engaged in activities on the water. Not only
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did this mean that | was approaching people who were less likely to be
suffering research fatigue, but | was also targeting people who were already
taking an active interest in the community and were more likely to be a part
of the research in the long-term. This challenged my own pre-conceptions
about the role of ‘gatekeepers’, and made me realise that when conducting
research into a specific subject, | shouldn’'t segregate the participants into

silos.

As | researcher, | struggled to balance my inherent desire to be as inclusive
as possible, whilst also inviting participants to the focus groups who would
willingly and knowledgably contribute to the discussion. By meaningful, |
mean that they would have the confidence and knowledge about the Tamar
Valley to be able to take part in discussions. Whilst it was important that
they were familiar with the river, it was not necessary for them to have any

knowledge about climate change or river processes.

The resulting mix of people who took part in the research, was a cross
between people from the campaign group SODITT, local residents and staff
and volunteers from the NT. This mix is likely to have benefitted the
research in so much that their thoughts and feelings were not repeated from
previous conversations about similar issues (Clark 2008). For the majority
of participants this was the first time they had talked through issues such as

sea-level rise and climate change.

Whilst the research did attract those engaged in the climate change debate,
for example the ex-Greenpeace activist who still takes an active interest in
environmental issues, there were others who wouldn’'t attend such a
meeting. This included the editor of the local newsletter, the programme
manager for the local arts centre and a project office for a heritage site
further up the river. One of the strengths of the approach, and it was
communicated when they agreed to take part, was that this approach
involved 3D digital images and | needed feedback on these. It is likely that
participants choose to engage in something new that they hadn’t

experienced before (Peel et al. 2006).
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| knew that one of the most important actions | could take was to ingratiate
myself into the community (Cornwall 2010 — What is participatory research).
In this case, | needed to get the balance right, between acting like an
independent professional researcher, and demonstrating to the participants
that | was sensitive to, and understood the context of changes in the Tamar
Valley. In summary, this was not such a straightforward focus group
exercise, particularly because | knew that | wanted the participants to be

involved in more than one meeting.
3.4.1. Co-producing knowledge

My reflections on this process, and the participatory methods in which |
engaged with, draw on an emerging body of literature on the co-production
of knowledge (Pohl, Rist et al. 2010; Armitage, Berkes et al. 2011). This is
defined as “the collaborative process of bringing a plurality of knowledge
sources and types together to address a defined problem and build an
integrated or systems-orientated understanding of that problem” (Armitage
2011:996). Ideas behind the co-production of knowledge centre on helping
individuals and groups to develop adaptive capacity to change (Armitage et
al. 2011). The benefit of taking into consideration the ideas on co-
production of knowledge, is that it addressed the need | faced with regard to
taking into account scientific knowledge and other forms of knowledge when
developing the 3D model. Considering my own reluctance to, and therefore
the methodological approach to, employing top-down engagement
strategies (based on a knowledge deficit model), co-producing knowledge
assumes and challenges the researcher to balance their own position as a
facilitator, intermediary and researcher (Pohl 2010). The strength of this
approach is that it assumes that neither science nor other knowledge is
sufficient on its own. As identified by Pohl (2010), the co-production of
knowledge challenges both the researcher and the participants to manage
their own expectations on: i. the role of power ii. shared understanding of

other perspectives iii. normative context

For my point of view, | was not actively seeking to build the community’s
adaptive capacity. Instead, | drew on the ideas and theories of the co-
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production of knowledge, balancing my role as a researcher to involve gain
feedback on the 3D model. Such was the nature of my research, and the
open-ended question asking in the first iteration of the 3D visualisations,
that participants’ knowledge could feed in to the research stemming from
their knowledge about Cotehele Quay from several different perspectives.
For example, sea level rise and flooding at Cotehele Quay, knowledge
about use and recreation on the quayside, specific details of the buildings
and more. The final film directly demonstrated the blend of scientific
knowledge and other knowledge, using the 3D model to show projections of
sea-level rise, and incorporating participants and others experiences of

flooding as text.

It is likely that participants developed adaptive capacity during the research;
this was lightly demonstrated in the second focus groups as the
conversation naturally shifted to mitigation (see section 5.11). Developing
visual tools is a natural fit to explore the field of knowledge co-production

further.
3.5. Assumptions of the National Trust

As was introduced in Chapter 1, this project was initiated due to questions
posed by the National Trust in regards to the future management of
Cotehele Quay. The idea behind this research was born out of a
conversation between the General Manager at the NT and staff at the
University of Exeter. A NT commitment to community engagement meant
that staff at Cotehele Quay were increasingly looking to inform their own
policies and strategies by listening to the local community. A conversation
about exploratory approaches to do this led to the research project being
formulated around ideas such as modelling sea-level rise in an engaging

and realistic way.

This section identifies how the National Trust, as the institution framing the
research, influenced the research methods and approaches that were
undertaken. From the outset, there were no expectations about which
research methods would be used to initiate a participatory process. Both the

NT and the University were committed to trialing a new way of engaging
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audiences with visual data and University were able to provide cutting edge
technology in the form of a terrestrial laser scanner. An initial meeting with
the General Manager at Cotehele, Toby Fox, made it clear that although the
NT were financially supporting the research the NT staff wanted to take a
backseat in the direction of the project and the production of visual material.
The NT wanted the public to see this research project as a move away from
traditional community participation for decision-making that had been
carried out previously on site (i.e. planning proposals which had caused

controversy amongst the local community).
3.6. Working with the NT

Two members of NT staff were involved in the project throughout; these
were the General Manager, Toby Fox; and the Head Warden, Joe
Lawrence. The relationship that grew out of this working format, between
the NT and the researchers, was central to the success of the project. Their
primary role was to guide and support the project and its progression, and
secondly to help organise logistics during fieldwork. Toby had been General
Manager since 2008, at the same time as the end of the fraught Haye
Marsh project. Joe had lived and worked at Cotehele Quay for over 20
years and was familiar with both the social and environmental conditions of
the site. Both Toby and Joe were able to offer insights and understandings
into the people and situations at Cotehele Quay that would feature heavily
throughout the research. Early recognition of the importance of Toby and
Joe’s knowledge of the site and their interest in the implications of the
research on the wider population, led to the establishment of a working

group including representatives from organisations outside of the NT.
3.7. Project inception: Working Group One

The role of the working group in the research was to represent professional
opinion on the structure, content and methods used in the research. As the
following chapters will demonstrate, the working group were consulted three
times throughout the duration of the research, at key moments of the

project. Feedback from the working group and focus groups were treated
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with equal importance, even though the working group contained industry
professionals, in other words, experience and knowledge of the site was
given equal emphasis when deciding what feedback to include the feedback
from experienced professionals. The invited participants were from relevant
organisations including Natural England, the Environment Agency and the
AONB. All participants of the working group were residents of the South
West and therefore were familiar with the issues presented at Cotehele
Quay. The participants represented a network of local organisations with
interests in environmental planning, biodiversity, regional planning and

Cotehele Quay.

The first working group meeting was held on 25" January 2010, at Cotehele
Quay; six organisations were represented by 11 participants. This was the
preliminary scoping meeting for the research project and was used as an
opportunity to develop further plans for 3D visualisations of Cotehele Quay.
Details of the meeting were recorded via note-taking and then meeting
minutes were produced and returned to participants. The structure of the
meeting was intended to be informal with short introductions by Toby Fox,
General Manager at Cotehele and the project researcher followed by a

discussion session chaired by the University with prepared questions.

Date / Time 25" January 2010, 2-4pm
Location The Edgcumbe, Cotehele Quay
Number of Participants 11

Organisations Present National Trust

Tamar Valley AONB

Environment Agency

Tamar Estuaries Consultative Forum
Natural England

University of Exeter

Table 4 Details of working group one

Before the meeting the participants were provided a brief introduction to the
research aims and were informed it was hoped they would continue to be
involved in the project over three years. As part of the iterative
methodology, the outputs of these meetings were a series of
recommendations that informed later stages of the project and the model.
As this was the first meeting including participants outside of the NT, the

main drivers were to:
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e Gather information on previous research in the Tamar Valley

e Gather information on recent planning and mitigation

e Highlight any known issues and problem areas, both in the local
community and in the environment

e Determine how the working group interpreted the needs of the local
community

¢ Inform the shape and scope of the project

3.8. Outcomes: Working Group One

Analysis of the first working group had to be undertaken before the project
could continue, as results were fed into the development of the first round of
visualisations. One day of TLS data collection had been undertaken prior to
the working group meeting, which meant that a preliminary dataset could be
introduced and the benefits and potential limitations of the software were
discussed. The participants supported the use of this technology and
understood that this approach was exploratory. Aside from providing
professional knowledge towards the project, the exact level of involvement
the WG would have on the research was deliberately left open. Having
completed an analysis of the results from this meeting, a summary of how
the working group saw their involvement in the research developing was as
shaping the project focus, contributing to the structure of the research

design and affecting the content of the 3D visualisations.

The working group conversations went beyond making suggestions about
the visualisations to more general discussions about the project focus. This
suggests that from the outset they had an interest in the implications of the
research, and more importantly, its potential applications outside of
Cotehele Quay. Some participants requested that the model be used to
visualise specific future adaptation and flooding mitigation options (based
on both the Shoreline Management Plans and Coastal Change Policy
2007). The main contributions and suggestions for how the visualisations

should be developed are summarised in [Table 5].
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Key Outcomes

e Create links with existing project partners and/or consultation
activities

e Focus on open-ended outcomes using the model to initiate
conversations about change

e Split the focus groups (stakeholders) into two groups: NT staff and
volunteers and the local community

Table 5 Key outcomes from Working Group meeting one

The participants felt strongly that although the raw dataset (a point cloud
generated from the TLS) would be a useful tool for the NT to compile and
conduct surveys and analysis of buildings on the quayside, this alone would
not provide a new format in which to engage or present sea-level rise
information. They explained that the EA had existing datasets (such as
lower spatial resolution LIDAR data) which could be used to model SLR
projections, so the unique element for this research would need to be
transforming the raw data into a functioning tool which was more graphically
engaging. Toby Fox commented “there is a value in coming from the 