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Current paradigms in combatting climate change have led to climate-adaptive measures, such as Managed Realignment (MR), the process of realigning or removing coastal defences in order for compensatory habitats providing ecosystem services to form. Cwm Ivy Marsh, located on the Gower Peninsula, South Wales is one such site. The historic sea-wall was breached in late-2014 where onsite coastal managers enacted an MR scenario of No Active Intervention, beginning the conversion of freshwater marshland to saltmarsh and the diversion of a popular public right of way. This action was met with significant public contempt. A clear void in the academic literature and professional practice was noticed, where public perceptions indicate a lack of digestible imagery offered during public engagement in saltmarsh MR schemes. Photo-Manipulation (PM) has not been trialled in the academic literature for coastal scenario visualisations. PM imagery was formulated using interview data, UAV imagery and Adobe Photoshop software in order to represent the five scenarios proposed in the Cwm Ivy Habitat Creation Project (HCP). A questionnaire study was conducted to the surrounding villages, results indicated disdain for the five scenarios but a moderately positive appraisal of the PM method, a mean rating of 6.25/10. Wilcoxon Signed-Rank tests prompted respondents’ misunderstanding of scenarios. Interviews with coastal professionals surmised that PM is not yet suited to professional practice as a comprehensive, standalone visual method, but offers potential as an initial, digestible facilitatory method to be employed in MR scenario visualisations alongside GIS. Future considerations for PM include a combination with fluvial modelling in order to produce more accurate and representative imagery of saltmarsh drainage channel morphologies.   

[bookmark: _Toc132236970]Glossary of Abbreviations (abbreviations, symbols, units of measure)

AR – Augmented Reality
CAD – Computer Aided Design
CGI – Computer Generated Imagery
EA – Environment Agency 
EIA – Environmental Impact Assessment
GIS – Geographical Information Systems
HCP – Habitat Creation Project
HCS – Habitat Creation Scheme
Km – Kilometre(s)
LiDAR – Light Detection and Ranging
LVIA – Landscape Visual Impact Assessment
M – Metre(s)
MR – Managed Realignment
NRW – Natural Resources Wales
NT - National Trust
PM – Photo Manipulation
SMP – Shoreline Management Plan
UAV – Unmanned Aerial Vehicle
UK – United Kingdom
VR – Virtual Reality


1. [bookmark: _Toc132236971][bookmark: bbb0780][bookmark: bbb0465][bookmark: bbb0275]Introduction

Saltmarsh area in the UK has experienced a significant decline in size since the Roman Empire’s occupation of Britain, due to the increased need for agricultural land and industrialisation. As seen in Fig.1, saltmarshes have geographical limitations. Recent approximations estimate that only 49,500ha (hectares) of saltmarsh endure in Great Britain (Phelan et al.,2011; Haynes, 2016), equating to almost 50% of the saltmarsh area of 2000 years prior (Doody, 2004). Thus, indicating a scarcity of saltmarshes in the UK. Current paradigms extend toward saltmarsh expansion in order to increase coastal resilience. Saltmarshes are located amidst the Mean High-Water Neap and the Highest Astronomical Tide; accordingly, they indicate the shift from terrestrial environments to aquatic environments along mild coastlines with diminutive wave action (Balke et al., 2016). Several cooperative conditions are required for saltmarshes to form; tidal/riverine water flow, sediment supply and the growth of saltwater resistant vegetation establish a distinctive patchwork landscape of vegetation separated by drainage channels (Ladd, 2021). 
Fig.1. Saltmarsh area in Wales, England & Scotland in 5km2 units, illustrating the locations of all case studies in this study (Ladd, 2021) Revised from Phelan et al (2011) and Haynes (2016) 
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When saltmarshes were subject to loss from land transformation, illustrative reports to British saltmarshes’ vegetation configuration and extent were being finalised (BFBI, 2020). The findings established the underpinning for the progression of ecological philosophy (Tansley, 1947) and coastal geomorphology (Yapp et al., 1917). Accordingly, saltmarshes are currently acknowledged for numerous ecosystem services; developing biodiverse environments (Veldhuis et al., 2019), sequestering carbon dioxide to alleviate the impacts of climate change (Ford et al., 2019), defending human infrastructure from coastal flooding (Möller et al., 2014), sifting contaminants inputted into estuarine environments (Enya et al., 2019) and finally, providing access to areas considered vital for human health (Rendón et al., 2019). Subsequently, further degradation to saltmarshes jeopardises their ecosystem services, often at substantial societal and economic expense (Barbier et al., 2011).     

Vast expanses of intertidal environments have been subjected to loss due to developments from the British industrial and agricultural sectors (Jones et al., 2011). The rate of loss is intensified by accumulation as a result of coastal squeeze, a process in which intertidal environments are confined on two margins; the sea on one and coastal defence barriers on the other, consequently, negative biodiversity impacts are experienced in the intertidal zone (McLusky et al., 1992; Doody, 2004; Wolters et al., 2005; Defra, 2013). 

Strategy and paradigms in coastal management have recently strayed from claiming land for financial gain to sustainable management and preservation for their ecosystem services (Foster et al., 2013). As such this has proven to be somewhat controversial among local residents in some locations. Yet, numerous environmental and social issues are encountered in order to conserve and restore saltmarsh environments. The now shrunken areas of British marshes are currently subjected to risks from rising sea levels, anthropogenic input to sediment transportation and greater impacts from coastal flooding (Gedan et al., 2009). Coastal areas are considered desirable to live, as a result, coastal populations are vastly increasing, causing incompatibility concerning environmental preservation and economic development (Corlett, 1978; Doody, 2004). Amendments to governmental environmental policies are altering the course of past coastal management attitudes that focussed on visual appearance, threats and social significance amongst the local communities (Nordstrom, 2014). Some instances saw whole communities withdrawn due to the great financial expenditure of coastal flooding defences (Buser, 2020). It is proposed that the relations between contemporary understandings of society and ecology must be implemented to coastal management practices in order to achieve positive feedback in coastal settings (McFadden, 2007). However, past assimilations of cutting-edge scientific research into coastal management practice have been gradual and unfinished, particularly with regard to flood risk management in coastal areas (Jarvis et al., 2015).

Presently, coastal saltmarshes are safeguarded by the European Habitats Directive, furthermore as outlined in the UK’s Post-2010 Biodiversity Framework is the aim to counteract net losses to habitats of priority which includes saltmarshes (DEFRA, 2011; JNCC and DEFRA, 2012). Large-scale MR coastal developments have been increasingly applied in the UK to counter habitat losses and rejuvenate intertidal habitats within historically coastally-defended areas. MR is accomplished by eradicating or rupturing coastal defences, usually sea walls, in order for the land behind to flood. Thus, granting the intertidal habitat (marshland) to extend inland. Alternatively, a method commonly used is to fit tidal flow structure within sea walls, intending to establish natural tidal movements to the area and in doing so recreate intertidal habitats. Yet, MR strategies have proven controversial among some communities, this may partly be attributed to poor visual output during the public consultation process. Despite the plight of intertidal habitats being a biodiversity apprehension, intertidal zones offer important ecosystem services; such as carbon sequestration in sediments, coastal flood defence, winter wildfowl hunting and breeding grounds for commercially fished species (Foster et al., 2013; da Silva et al., 2014; Boerema et al., 2016). Subsequently, the restoration of intertidal habitats may prove to be appealing with the general populace and also to the decision makers. Furthermore, the role of MR strategies is endorsed as ecosystem-based adaptation to mitigate the impacts of climate change (Temmerman et al., 2013). The contemplation of natural resources and ecosystem services can bolster disputes for conservation-minded decision-making processes (Balmford et al., 2011; et al., 2011; Mace et al., 2012; Mace, 2014; Eastwood et al., 2016). In England, particular questioning has been concerned with the function of MR strategies in providing ecosystem services and increased biodiversity levels (Estevez, 2013).   
Visual aesthetics and positive public engagement are accredited with catalysing the process of introduction/reduction of coastal defences in estuarine environments (Bennett et al., 2020). However, as previously mentioned, ecosystem services play a major role too; the creation of new saltmarshes is accredited with dampening the impacts of coastal flooding elsewhere in their locality, Carmarthen Bay is one such example (Denner et al., 2015; Bennett et al., 2020). The Llanelli Millennium Coast Path, a stretch of the Wales Coast Path, indicates reaches of high erosional and coastal flooding vulnerability in combination with inadequate past management, new saltmarsh formation may aid to alleviate these impacts (Pye and Blott, 2009; Phillips et al., 2009; Denner et al., 2015).

[bookmark: _Toc132236972]1.1 Cwm Ivy Marsh

Situated in the Burry Inlet SPA (Special Protection Areas), also known as the Loughor Estuary, a Site of Special Scientific Interest (SSSI) and Ramsar site, Cwm Ivy saltmarsh, as illustrated in Fig.2 below, is included in the Whiteford Burrows National Nature Reserve (NNR) within the wider Carmarthen Bay and Estuaries SAC (Special Area of Conservation) and the Gower Area of Outstanding Natural Beauty (AONB). 

As an SAC, Carmarthen Bay and its estuaries are areas of several conservation interests designated for the presence of habitats and species features covered by the Annex 1 and Annex 2 of the Habitats Directive; estuaries, mudflats and sandflats not covered by water at low tide, Atlantic salt-meadows (Glauco-Puccinellietalia maritimae), Salicornia, Puccinellia, Suaeda with other annuals colonising mud and sand, large shallow inlets and bays, sandbanks slightly covered by sea water at all times, shad (Alosa sp.), river lamprey (Lampetra fluviatilis), sea lamprey (Petromyzon marinus) and otter (Lutra lutra). As a result, the area is contemplated to be one of the greatest estuarine conservation areas in the UK. Overlapping, the Carmarthen Bay and estuaries SAC is Burry Inlet SPA with conservation designations mostly regarding the Birds Directive of 1992. The Burry Inlet comprises of an expansive estuarine system made up of vast swathes of intertidal sand and mudflats, with sprawling sand dune features located at the estuary’s mouth. The National Trust (2021) report that significant quantities of overwintering wildfowl and wading bird species along with their habitats and prey reside in the saltmarsh and intertidal zones, these species include; oystercatchers (Haematopus ostralegus), little egrets (Egretta garzetta), grey herons (Ardea cinerea), kingfishers (Alcedo atthis), lapwing (Vanellus vanellus), starling (Sturnus vulgaris), redshank (Tringa tortanus), curlew (Numenius arquata) and hen harriers (Circus cyaneus), with future hopes for a resident osprey (Pandion haliaetus) population. Anthropogenic pursuits possess the latency to alter the status of habitats and their species’ counts. Carmarthen Bay and the Burry Inlet’s coastline is subject to a diverse array of commercial and recreational activities, with significant emphasis placed on the value of its fisheries (shellfish and finned fish). These activities most often originate from the surrounding settlements in the vicinity of Burry Inlet; Llanelli, Loughor, Burry Port and the settlements on the western reaches of Swansea.   

[bookmark: _Toc132236973]1.2 Cwm Ivy Rationale?

Cwm Ivy saltmarsh was chosen as a fitting study site for aim of this research, due to its recent transition from a freshwater marsh to saltmarsh. A rift emerged between the local stakeholders and coastal managers during the resulting decision-making process. In August 2014, a section of the Cwm Ivy sea wall and its embankment collapsed, inaugurating the transformative flooding and habitat creation process; from grazed agricultural land and freshwater marsh to 39ha (hectares) of new saltmarsh behind the wall (NRW,2021; National Trust, 2021). Marking the first time since the sea wall’s installation in the 17th century to refrain from its reinforcement, a decision authorised by the coastal and land managers. The embankment doubled as part of the Wales Coast Path route, see red dashed line in Fig.2, with the red dot illustrating the breach site, a nationally important resource covering 870 miles of footpaths following the entire welsh coastline. Per se, there are many collaborative organisations involved at the Cwm Ivy Marsh site. Firstly, the National Trust own the land and as a result act as its manager. Secondly, Natural Resources Wales oversee all actions to the environment. Whilst finally, the City and Council of Swansea (in conjunction with the Wales Coast Path) are responsible for the management of public access and rights of way. 

Upon the embankment’s breach, the Shoreline Management Plan (SMP) and the NT proposed a MR coastal management strategy (Halcrow, 2012), as such the Wales Coast Path route diverted. This was met with significant opposition and underrepresentation amongst the local community as seen in Fig.3.  Fig.2 Cwm Ivy marsh (Natural Resources Wales, 2021).

Red dot indicates location of breach
Red line indicates former right of way atop the sea-wall



Fig.3 Community opposition to the sea-wall breach (Save Our Seawall Footpath, 2021)




















Four proposed actions were communicated to local residents via public drop-in sessions and publishing factsheets. As demonstrated below in Fig.4, these actions referred to the breached sea wall in Natural Resources Wales’ Cwm Ivy Habitat Creation Project; no active intervention, widen the breach, create multiple breaches and undertaking small-scale works in the marsh (NRW, 2021). At the time of writing there is no mention or intention of reinstating the Wales Coast Path along the embanked sea wall. This highlights the intent to promote and create saltmarsh habitats and commit to developing a resilient, maturing saltmarsh ecosystem. Accordingly, this is synchronous with the current paradigms of MR in coastal management practices. 








Fig.4 Proposed actions for Cwm Ivy marsh at the sea wall breach (Natural Resources Wales, 2021)

Consequently, as demonstrated by Fig.5 Cwm Ivy marsh is clearly an example of a landscape of change. The Google Earth (2009;2020) top screenshot below to the right depicts Cwm Ivy marsh prior to the sea wall breach, whilst below that depicts Cwm Ivy marsh a few years after the breach of the sea wall. Clearly, it is demonstrable that this region of the Burry Inlet SPA is a landscape of environmental change. The earlier Google Earth image illustrates a clear patchwork of agricultural pasture land, evidently greener in colour, less tidally influenced and with far less salt-water inundation than the 2021 counterpart. Whilst the most recent image displays saltmarsh drainage channels, mud and saltmarsh grassland replacing the patchwork of meadow and the death of all trees in the new marsh’s area. By appearance alone one may be forgiven for thinking the earlier image is the one containing the most ‘alive’ and biodiverse environment. Yet, according to the National Trust Shifting Shores report (2015), the formation of saltmarsh environments from MR schemes builds environmental resilience to combat the future effects of climate change by offering ecosystem services such as increasing biodiversity, stabilising environments and alleviating flooding elsewhere in the vicinity. Since 2014 there has been clear spatial and temporal changes at Cwm Ivy saltmarsh via flooding, coastal inundation, habitat creation, new flora, new fauna and differing vegetation cover.


















Fig.5 Aerial Imagery of Cwm Ivy marsh. Left, 2009, prior to sea wall beach. Right, 2021, almost 7 years post sea wall breach (Google Earth Pro, 2021)

2. [bookmark: _Toc132236974]Research Aim & Objectives

This research will visually exhibit the outcomes of the four proposed scenarios at Cwm Ivy as a means of further involving the public in coastal management decision making beyond factsheets and public drop-in sessions; the method employed by Natural Resources Wales for the Cwm Ivy Habitat Creation Project. The visual content of the images pertaining to the four proposed scenarios were established via interviews with land & coastal managers at Cwm Ivy. Following the interview stage, aerial images of the site were taken with a remote-controlled UAV. Using the UAV imagery, the images were generated by photographic manipulation and editing with the Adobe Photoshop software. In order to trial this method, a questionnaire-based approach was issued to residents local to Cwm Ivy, with the purpose of ranking the images by desirability to the respondents. Following the questionnaire, statistical analysis in the form of a Wilcoxon Signed-Rank test was employed to derive correlations between proclivities for each scenario. Consequently, this novel methodology employs an interdisciplinary approach to a proof of concept, and as such will be critically appraised in the later chapters of this paper.  

Displayed below in point format are my overall research aim and objectives.

Research Aim:

· Evaluate the efficacy and suitability of photographic manipulation as a tool to facilitate the public consultation process at MR sites, using Cwm Ivy Marsh as the case study site.

Research Objectives:

i. To develop PM scenario imagery to facilitate public engagement of saltmarsh MR schemes.

ii. To evaluate local public perception of scenario imagery in saltmarsh MR schemes.

iii. To propose recommendations (both positive and negative) for scenario imagery public engagement using PM. 















3. [bookmark: _Toc132236975]Literature Review

[bookmark: _Toc132236976]3.1 Scientific Communication

The communication of science-based topics to the general public is accomplished through notifying, teaching and deliberation, whilst aiming to maintain a level of fascination and curiosity surrounding discourses and findings. There are two forms of scientific communication identified in academic literature. Firstly, outward-facing or science/public outreach, piloted by qualified researchers to lesser adept audiences commonly via public institutions and scientific broadcasting (Illingworth and Allen, 2020). Secondly, inward-facing or science in-reach, which compiles the communication of scientific research between comparatively equal and adept scientific researchers, most commonly via academic communication and the publishing of peer-reviewed scientific journals (Illingworth and Allen, 2020). Scientific communication lays the foundation for further research and education, whilst simultaneously advising decision-making processes; particularly in the realms of politics and ethics (Gregory and Miller, 1998). Consequently, scientific communication that has been rigorously applied to the scientific method can be contemplated as a successful intermediary amongst societal groups and entities with vested interests in public policy, industry and wider society (Hilgartner, 1990; Jensen and Gerber, 2020). 

[bookmark: _Toc132236977]3.2 Environmental Communication

As an extension of scientific communication, environmental communication encompasses interfaces between man and the natural environment. Furthermore, classifications of environmental communication most commonly feature the forms of communication methods, principles, plans and practices with regard to environmental management and conservation (Flor, 2004). Accordingly, the forms of communication traditionally encompass social (in-person) and virtual (online) means in the achievement of stakeholder-involved decision-making and environmental broadcast reporting. Such topics covered in this form primarily include the communication of climate-related issues, however, more associated to the topic of this document; coastal decision-making. Nonetheless, the approved definition of environmental communication as defined by Antonopoulos and Karyotakis (2020, pp.551) is “the dissemination of information and the implementation of communication practices that are related to the environment. In the beginning, environmental communication was a narrow area of communication; however, nowadays, it is a broad field that includes research and practices regarding how different actors (e.g., institutions, states, people) interact with regard to topics related to the environment and how cultural products influence society toward environmental issues.”

In order to taper down to the communication of coastal management practices, climate communication offers a key insight to the methods, actors, stakeholders and motivations behind the communication of environmental topics, particularly anthropogenic climate change. The IPCC (Intergovernmental Panel on Climate Change) in 2018 issued a guide to their contributors regarding the most applicable methods of climate communication. Expansive social science research by the IPCC highlighted six key principles for effective climate communication (IPCC, 2018); 

1. Communicate confidently
2. Discuss actual events rather than theoretical concepts 
3. Identify that which concerns the audience 
4. Present relatable content 
5. Begin with the facts
6. Only utilise the most effectual visual communication     

Leading on from the sixth point listed above especially, visual data depictions such as ‘warming stripes’ and the ‘climate spiral’ by Ed Hawkins, illustrate trends in long-term global temperature changes in chronological order using colour coding to provide a clear, concise and comprehensible representation of anthropogenic climate change to a generalised audience. Yet, the communication of coastal decision-making is widely disputed in the academic literature. 


[bookmark: _Toc132236978]3.3 Communication of coastal decision-making

Coastal managers are frequently condemned for inadequately involving the public in decision-making processes, and informing them of decisions only once finalised. Data regarding projected management schemes is often dispersed in extensive documents supplemented by engineering proposals that can be difficult to acquire and comprehend. In the UK, a review of the Shoreline Management Plan procedure acknowledged the key complications related with enabling public participation in management decisions, and called for the elaboration of innovative communication methods to improve the situation (MAFF, 2000). These calls were confirmed by others (King, 1999; Belfiore, 2000), with King (1999) explicitly underlining the requirement for innovative electronic methods of communication to assist in the planning process.

Whereas public communication, discussion and contribution may benefit from broadly accessible documentation presented in easy-to-digest formats. In the past there have been appeals to formulate contemporary methods of interaction to notify and include the public in coastal decision-making procedures (Sorensen, 1997; King 1999; DEFRA, 2002; DEFRA, 2005). All newly-employed contemporary methods are endorsed to overcome the shortcomings associated with previous methods used in coastal management, therefore becoming original, stimulating, enlightening and interesting to the general public (Tufte, 1990). This is concurrent with the fact that any coastal decision-making process must be presented comprehensibly in order for conversant verdicts and conclusions to be formulated. However, the method of achieving so may present obstacles; there must be a requirement for conviction in presented information but also in the wider scope of the decision-making procedure. Developments in Information Technology (IT) based solutions is credited with the method in which this is to be accomplished (King, 1999; Doody, 2003). Landscape visualisation methods may facilitate the formation of representative multidimensional depictions of coastal management sites from GIS data. The usage of landscape visualisation methods has been extensively employed in inland, rural landscape studies (Appleton et al., 2005; Dockerty et al., 2005; Jude et al., 2006), whilst applications to the coastal zone until recently saw limited use in public consultation (Brown et al., 2006; Jude et al., 2006). In spite of this, in coastal settings the technology retains abundant potential to smoothly accelerate the means of communication between coastal stakeholders and coastal managers via its exceedingly graphical output. 

Geographical Information Systems (GIS) have long been endorsed as a feasible means to advance communication and involvement in coastal management practices (O’Regan, 1996; Bartlett, 2000), and are extensively used by coastal managers (Townend and Leggett, 1992; Hamman and Hofstede, 1999; Thumerer et al., 2000). Nevertheless, there are particular restraints to their function in coastal management. Predominantly, GIS are convoluted to use by those deprived of the technical capability (Green, 1995), and are frequently solely used to generate two-dimensional (2D) thematic diagrams, however three-dimensional (3D) is now prevalent. Consequently, much of their potential as a communication apparatus has remained unsatisfied. However, solely using GIS techniques with regard to coastal management and MRs in particular, offer little visual environmental insight to the future for those involved in the public consultation process (Norton et al., 2019). Yet, one set of technologies with future potential to widen communication in coastal management are Virtual Reality GIS (VRGIS) and rendered visual techniques. Technologies and methodologies have since evolved and advanced, visual techniques of displaying coastal management scenarios is somewhat commonplace.  

Current paradigms regarding visualising coastal management strategies in public consultation settings demonstrate an evolved movement in visual solutions beyond GIS. Rendered imagery, GIS rendered mapping and landscape architectural techniques are becoming increasingly employed in the consultation process. However, this research trials a novel, untrialled method; PM as a technique to facilitate a suitable methodology correlating with the research aim and objectives.  

[bookmark: _Toc132236979]3.4 Managed Realignment: A British History 

Paradigms in British coastal management, particularly those regarding MR and saltmarshes have sophisticated and advanced through different stages over time; from land reclamation to land protection to saltmarsh restoration. 

3.4.1 [bookmark: _Toc132236980]Reclamation

The foremost regulation concerning coastal management issues, including saltmarshes, was passed in 1532 as the Sewers Act (Richardson, 1919). As a result, the legislation endorsed county officials to review, preserve and renovate embankments. For almost 600 years the act effectively avoided major amendments pending the introduction of the Royal Commission on Coastal Erosion in 1906, whom were appointed the duty of cultivating a novel nationwide coastal flood management plan. Formed in order to confront the emergent threats associated with infrastructure damage from erosion, the reason being that coastlines were gradually sites of development during the industrial revolution. Also recognised was the possibility of saltmarshes to shield coastal defences against erosion and that certain planting certain grasses may offer services such as improved flood defence. Also recognised was that erecting coastal flood fortifications and sediment dredging may modify coastline morphodynamic processes, thus possibly impeding coastal sediment deposits and consequently heightening erosional hazards. However, the Commission failed to prevent the recovery of saltmarshes, as the financial incentives of terrestrial claiming exceeded the financial forfeitures instigated by ruptures in coastal defences. Upon the discoveries outlined by the Commission, new legislature was passed in the form of the Land Drainage Act of 1930, which enforced improved management and safeguarding of coastal defence structures (Nature, 1937).    

[bookmark: _Toc132236981]3.4.2 Protection

The National Parks and Access to the Countryside Act of 1949 was the initial nationwide strategy on environmental conservation (Smith, 1947). In the midst of the Second World War, landscape surveys were undertaken across the UK which recognised expanses of land considered key to conserve on behalf of nature and heritage. These expanses of land were titled Local/National Nature Reserves (NNRs), Sites of Special Scientific Interest (SSSIs), Areas of Outstanding Natural Beauty (AONBs) and National Scenic Areas (NSAs). Each title outlines variable levels of safeguarding against the expansion of human infrastructure on protected land, this is achieved by utilising a legislative agenda in order to decline planning applications. Portions of saltmarsh were allocated for safeguarding, predominantly in order to protect bird habitats (Davidson et al., 1991). Throughout the 1970s and 1980s saw the introduction of numerous domestic, European and international accords to safeguard seasonal bird species; Special Protection Areas under the EU Birds Directive (SPAs), Ramsar sites according to the Ramsar Convention and finally, Biosphere reserves (MAP project). The aforementioned titles provisioned ancillary safeguarding for saltmarsh environments as vital sites for bird habitats, consequently the designations aided in the process of raising awareness to the topic of widespread protection of marshlands. The culmination of the 1970s saw a pivotal moment in the management of saltmarshes; Gedney Drove End marsh in the Wash, England, was planned to be enclosed, however environmental conservation formed the basis of its rejection, thus denoting the conclusion of extensive land enclosing schemes in the UK (Doody, 2004).   

[bookmark: _Toc132236982]3.4.3 Restoration

The inaugural nationwide record on saltmarsh coverage and vegetation level was issued in 1989 (Burd, 1989). Whilst the inaugural saltmarsh habitat restoration scheme was located in Essex at Northey Island in the Blackwater Estuary (EN, 1994). Existing sea defences were relocated and realigned leading to the sea reaching land that was until the scheme was implemented, reclaimed. The scheme was intended to relieve the effects of wave action on the adjacent embankments, better manage flooding afflicted by breached embankments and finally, to produce reintroduce saltmarsh habitats intended for conservation and administrate coastal erosion. The project at Northey Island has since been considered a triumphant MR scheme, which in 1993 sparked a milestone conference at London Zoo where MR schemes were agreed as a practical and worthwhile method of reinstating saltmarshes and providing further domestic coastal flood protection (Birks, 1993). The conference at London Zoo signifies a key instance; lengthening saltmarsh management concerns from solely conservation to also include restoration. The Rio Convention of 1992 outlined a plan to facilitate the conservation of biodiversity at the global scale. Subsequently, from 1994 and beyond, the UK Government issued a number of Biodiversity Action Plans (BAPs). The plans obliged several programs towards comprehending the drivers, facilitating reclamation and frequent examinations on the state of vulnerable species and habitats (UK BP, 2006; UK BP, 2007). Early targets focussed on preserving existing saltmarsh coverage; using the coverage from 1992 as a benchmark to annually generate 60ha of novel saltmarsh habitat (Covey and Laffoley, 2002) whilst reports were formulated containing the sources of saltmarsh growth and erosion (Carpenter and Pye, 1996). 1992 also saw The EU Habitats Directive extended to include further safeguarding to the Birds Directive and outlined numerous saltmarsh habitats to conserve. Naturally, the Directive instigated the Natura 2000 system, which outlined Special Areas of Conservation (SAC) throughout Europe (Foster et al., 2007) in addition to pledges to supervise the coverage and health status of ecosystems as stated in the EU Water Framework Directive of 2000 (Best et al., 2007).

In 2003, the Living with the Sea project was launched and financed by the EU-LIFE in order to supplement the expansion of coastal Natura 2000 sites in the UK. The project seeks to cultivate a tactical method of documenting and forecast fluctuations to coastal habitats at decadal intervals, in addition to pinpointing exact and bespoke procedures in order to facilitate both regeneration and reestablishment of dynamic coastal habitats. A crucial end product of the venture was the theoretic formation of Coastal Habitat and Management Plans (CHaMPS). The newly-formed plans tied flood risk management policies with nature and the environment, all-the-whilst merging estuary and coastal processes with the end goal of forecasting confined dynamism in coastal habitats. Firstly, CHaMPs stressed the importance of incorporating dynamic coastal processes to anthropogenic coastal actions instead of battling against them. Finally, CHaMPs accentuated the notion that the requirement for flood protection and coastal armouring may work in tandem with long term coastal habitat conservation, such as the natural flood defence provided by saltmarsh habitats in the coastal zone (Duffy, 2003).  

In the midst of the 1990s, national strategies in UK coastal management paradigms experienced further amendments. One of which was the introduction in 1993 of non-statutory texts designated as Shoreline Management Plans (SMPs). The texts postulated recommendations with regard to the managing of coastal defences, these recommendations were formed from the coastal processes, likelihood of flooding and the coastal geology observed at the specified locations. All SMPs are respectively outlined by littoral sediment cells, which are the transportation corridors and confines of sediment fluctuations. The primary focus of SMPs were to forecast the potential coastal changes within sediment cells spanning three temporal periods; 2025, 2055 and 2100. For each period, four calculated coastal defence selections were offered; “hold the line” of current defences, “retreat” current defences by realigning further up the coastline, “advance” current defences through repossessing intertidal land and finally “do nothing” in order to permit littoral processes to naturally ensue (Cooper et al., 2002). In 2006 an update was issued to the SMP strategy in order to further include the probable impacts related to climate change, contemporary scientific studies on coastal processes, stakeholder inclusion to the planning stages and the aims from other related plans such as BAPs and CHAMPs (French et al., 2016). Conclusions from numerous domestic strategies such as EMPHASYS Consortium (EC, 2000), EUROSION (Salman et al., 2004), Foresight Future Flooding Assessment (Evans et al., 2004) and FutureCoast (Burgess et al., 2004) provided the technical underpinning for the updated SMP strategies. Additionally, the introduction of the UK Climate Impacts Programme of 2002 (updated according to UK Climate Prediction in 2009 and 2018) prevails with the task of issuing domestic estimations of climate scenarios which in turn notifies coastal planning and developments (Palmer et al., 2018).    

Fundamental components to SMP direction are the promotion of adjustive and sustainable littoral threat management. The advent of the ecosystem services model (MEA, 2003; UK NEA, 2011) has aided with conveying the significance of natural ecosystems, in particular saltmarshes and their role in alleviating the impacts of coastal flooding (Zhu et al., 2020) whilst concurrently offering an array of primary and secondary benefits to human welfare, as seen in Table 1 below. Within the remit of SMP direction, saltmarshes are experiencing progressive integration into the management of coastal erosional threats, more specifically in the “do nothing” and “retreat” designations. Yet, the customary and now somewhat outdated hard engineering tactics towards managing coastal erosional threats are currently merging with habitat restoration/creation plans, which are also referred to as “soft engineering” (Zhu et al., 2020). These eco-centric resolutions prolong the temporal scale (roughly 40 years) of the interim and hasty resolutions offered within the “hard” engineered approaches which often require semi-frequent revision due to the lack of adjustments to local and county levels of geomorphological variation (Ballinger and Dodds, 2020). In order to manage coastal flooding and erosional threats sustainably, the UK Government deems SMPs as vital to the process, so much so that SMPs are now increasingly prevalent within land use and planning strategies (Ballinger and Dodds, 2020).  

[bookmark: bbb0075][bookmark: bbb0695]Table 1. Saltmarsh ecosystem services. Revised from McKinley et al. (2018).
	Regulatory
	Provisional
	Cultural

	Climate regulation (carbon sequestration)
	Domesticated livestock
	Recreation and tourism

	Threat regulation (coastal flooding and erosional)
	Wild fish and food
	Visual significance and stimulation

	Waste decomposition and decontamination
	Wild game

Native flora & fauna reintroduction
	Religious, spiritual, cultural, heritage, natural history, and media

	Soil quality regulation
	
	Teaching and ecological knowledge

	Pollination
	
	Empowerment and community improvement

	Disease and invasive alien species regulation
	
	Physical and mental well-being, refuge, and freedom

	Native species & biodiversity
	
	



Coastally, habitat formation and restoration plans have significantly increased in extent and scale across the UK in the preceding 10 years. Most noticeably in the South of England, the area in which marshlands have been frequently decreasing in area (Ladd et al., 2019). Following 2006, as demonstrated in Fig.6, illustrates when the five greatest restoration plans have taken place. Organisations such as the National Trust, Royal Society for the Protection of Birds, the Wetlands and Wildfowls Trust and the Wildlife Trusts are responsible for spearheading comprehensive wetland habitat formation/restoration schemes in the UK. At present, UK governmental bodies are now pledging to undertake comparable broad habitat formation/restoration plans. Schemes such as ReMeMaRe targets the increase of national marsh coverage by 15% within the following 25 years (REACH, 2020). A vast array of methods are recognised, trialled and implemented into practice in order to accomplish habitat formation in marshlands, these comprise of; MR, controlled tidal flow, favourable usage of dredged sediment, geo-texturing, planting and permitting coastlines to develop with minimal anthropogenic input (Vandenbruwaene et al., 2011; Macgregor and van Dijk, 2014; Spearman et al., 2014). Information regarding the supervision, estimation and distribution of coastal processes is presently easily obtained and accessed (for example; CCO, 2020) whilst acknowledgement is increasing concerning the prominence of inclusionary leadership in order to attain beneficial saltmarsh management objectives (McKinley et al., 2018; Alexander et al., 2019; Ballinger and Dodds, 2020).   
Fig. 6. Aggregate tally of newly formed/restored intertidal habitat resulting from realignment schemes, controlled tidal flows and favourable usage of dredged UK sediment. Illustrated in the chart above are the five largest realignment schemes in the UK. The intertidal habitat extent does not distinguish between habitat types; lagoons, mudflats, reedbeds and transitional grasslands. Revised from ABPmer (2020).  























[bookmark: _Toc132236983]3.5 Managed Realignment: A Critique

As stated earlier, intertidal marshlands offer a variety of ecosystem services. These primarily comprise of; habitat for native wildlife, carbon sequestration and coastal flood defence (King and Lester, 1995; Constanza et al., 1997; Barbier et al., 2011; Moller et al., 2014). Yet, vast swathes of saltmarsh salvaged and damaged under the pretext of development (agricultural, industrial and urban) whilst simultaneously being eroded by rising average sea levels and coastal squeezing (Doody, 2004). In order to reimburse and reinstate saltmarsh environments, environmental governing bodies have instigated numerous habitat creation and restoration plans. Included in these plans is replantation and creating novel extents of intertidal habitat (Elliott et al., 2016) via the process of removing embanked coastal defences and realigning new coastal defences at the inland margin of the newly created intertidal habitat, a process recognised as MR (French, 2006).
[bookmark: bbib6]
In Europe and the USA, MR is rapidly becoming the standard approach to synergise intertidal habitat restoration and coastal armouring from the adverse impacts of rising sea levels and prospective storm intensification (Stocker et al., 2013). However, there exists a deficiency of data concerning the degree of success of MR schemes. Most studies focus on vegetation establishment at created/restored habitats (Esteves, 2013). Furthermore, these studies imply that MR locations experience diminished biodiversity rates, quantities of fundamental species and ecosystem service provision than predicted (Garbutt and Wolters, 2008; Mazik et al., 2010; Mossman et al., 2012). It is crucial that the ecosystem service provision is enhanced, doing so requires further consideration to the development, organisation and operation of MR sites. There too exists comparatively scarce data regarding the influence of in-situ sediment ETDC processes (erosion, transportation, deposition and consolidation) to MR sites. At present, the strategy of MR sites fixates on developing in-situ elevations to regulate the number of days the raised land is wet; the time for which it is flooded (Mitsch and Gosselink, 2000) and consequently, establishment by vegetation. However, the aforementioned disregards sediment redistribution and sediment recycling as a result of site flooding and the stimulus of weather events, for instance, the effects of storminess to sediment stock and revision (Pethick, 1992; Cundy et al., 2007; Dzwonkowski et al., 2014). The result of which is the possible formation of alternative intertidal habitats beyond those intended (in the planning stage) and thus influencing the postulated ecosystem services.

The research of Dale et al., (2017) discovered that varying amounts and patterns of sedimentation at two locations that had undergone work, with differing environmental attributes, within the Medmerry MR Site, over the year-long research period. In close proximity to an unprotected breach location, a fast accumulation of sediment was spotted through the incoming tide, which merged through the outgoing tide cycle. At landward sites, observations of sediment saw accumulation through incoming tides, yet through outgoing tides sediment was observed to erode, both intermittently, corresponding with semilunar and semidiurnal tidal cycles. Absorptions of transported sediment at both locations demonstrated a negative relationship with salinity, illuminating the significance of inner sediment reworking and freshwater contribution to confines of the MR site. Nevertheless, the primary research conducted by Dale et al., (2017) failed to deliberate the degree of in-situ sediment transportation is comparative to peripheral contributions from the terrestrial and coastal zones outside of the MR site. 

With credit to contemporary technological progressions, recent studies surrounding coastal sediment dynamics have developed substantially. These progressions have enriched knowledge regarding sediment transport dynamics in estuary environments, from both ex-situ contributions and in-situ contributions (Ouillon, 2018). This consequential research seeks to further understand the hydrodynamics and sedimentation processes present in the coastal zone, more specifically, within estuarine environments; the methods by which this is being achieved is through on-site measurements, remote sensing data analysis (e.g., GIS) and numerical modelling (Deloffre et al., 2005; Cundy et al., 2007; Kirwan and Murray, 2007; Nardin and Edmonds, 2014). Yet, techniques such as the PM of UAV imagery, as employed in this research, may aid to better convey the habitat outcomes of MR schemes to local stakeholders at future MR sites.   

[bookmark: _Toc132236984]3.6 Managed Realignment: Public Consultation 

In order to meet conservation and administrative objectives, it is deliberated to be vital that the public acknowledge the significance of saltmarshes for both the environment and society (McKinley et al., 2020). Emergences of principles such as the ecosystem services concept have enabled the means to widely communicate the significance of natural environments (MEA, 2003), consequently, this has resulted in worldwide beneficial conservation results (Potschin et al., 2016). Yet, one major hurdle to attaining conservation objectives in coastal settings is the gradual implementation of ecosystem services into outlining concerns surrounding coastal authority (McKinley et al., 2018).  In conjunction, the notion of ecosystem services incurs enquiries pertaining to the issue of whether natural processes should be viewed as a commodity or an economic resource for commerce and revenue generation; attaching monetary value to naturally-occurring processes is postulated to cause likely impairment to conservation targets (Silvertown, 2015). Diaz et al (2018) propositioned additions to the ecosystem services concept, one of which being the Nature’s Contribution to People (NCP) hypothesis; which highlights the task of society to outline relations amidst humans and the environment, replacing the notion of financial worth. NCP evades financially-rooted simulations by merging community understanding, philosophies, concerns and worth. Ever-expanding research distinguishes the imperceptible worth of saltmarshes, as a result NCP may accentuate improved methods of sustainable management practices in the coastal setting (Rendón et al., 2019). 

In the United Kingdom, plans to create new habitats by means of realignment are prospected to vitally feature in forthcoming saltmarsh reestablishment and other erosional coastal management issues. By 2030, recent estimations in British Shoreline Management Plans outline that 10% of coastlines in England and Wales will necessitate realignment, this figure is projected to increase to 15% by 2060 (Estevez and Williams, 2015). In spite of this, MR is frequently regarded as contentious through its perception of “surrendering land to the sea” (Myatt et al., 2003). Therefore, the accomplishment of habitat creation plans is reliant on comprehensive and impartial consultation with the public and the local-area stakeholders; principally with those at a greater risk of coastal flooding and whomever is poised to be the greatest beneficiary from saltmarsh creation plans (Alexander et al., 2019). Ineffective consultation with the public and stakeholders of the realigned areas in question can occasionally result in political stalemates and a surge in public activism, both of which interrupt and interfere with progress towards habitat creation plans (Buser, 2020). This is particularly relevant at the Cwm Ivy Marsh habitat creation site, time consuming deliberation and ineffective communication of the aims and visual outcomes of the saltmarsh habitat creation plan led to community activism and discontent among local residents in particular. On the flip side, effective, efficient, prompt and precise public consultation can fast-track habitat creation projects, even the biggest MR plans (Scott et al., 2015). Consulting stakeholders and the public is required in order to communicate the beneficial ecosystem services that saltmarsh formation offers, this is particularly relevant in order to steer clear from the customary dependence on hard engineered flood defences (Ballinger and Dodds, 2020).   

Pragmatic practices, studies and statistics are commonly acknowledged for their importance in producing reliable and repeatable manged realignment & retreat documents, Olshansky and Chang (2009, p.206) stated “it is incumbent on researchers to synthesise lessons and provide guidance from the accumulating body of knowledge.” Whilst other authors more concisely reiterate to “learn from history” (Marchman et al., 2020; Scott and Lennon, 2020). All in order to sustainably undertake MR schemes.   


[bookmark: _Toc132236985]3.7 Managed Realignment Schemes in the UK

As demonstrated above, in fig. 6, MR schemes in the UK have directly and significantly contributed to the increase in intertidal saltmarsh extent in the previous twenty years. Explained below in Appendix B are three accounts of MR schemes and their stakeholder engagement procedures. The schemes are as follows; Medmerry MR Site, the Steart Marshes and Brancaster West Marshes, they were selected for their similarities to Cwm Ivy.





4. [bookmark: _Toc132236986]Methodological Review

[bookmark: _Toc132236987]4.1 Public Perceptions of British Managed Realignment schemes

Compromising existing land uses during MR schemes is frequently recognised as most controversial amongst the public and local stakeholders (as seen in Medmerry, Steart Marshes & Brancaster). Yet, at Cwm Ivy there seems to be a greater affinity to the cultural and historical value of the embankment wall and the Wales Coastal Path route that ran atop it. Diversions to public rights of way such as the Steart Marshes scheme culminated in zero objections, most likely owing to the strong consultation processes involved during the scheme’s duration. All three case studies were commissioned before that of Cwm Ivy’s and as such, if heeded upon by coastal/land managers, offer lessons to be learnt from past schemes and applied to future schemes, echoing findings in recent research (Marchman et al., 2020; Scott and Lennon, 2020). 
Since 2010, public curiosity surrounding the consultation process of MR schemes has evolved. The motives are acknowledged to be resulting from a higher number of UK MR schemes, the elaboration of greater schemes, more media attention, advances to online information access and the legally binding requirements of the Localism Act 2011 (Pontee, 2014). Survey research piloted by Esteves (2014) established differences in opinion between researchers, consultants, land/coastal managers and stakeholders at MR sites. Results indicated that stakeholders overwhelmingly disagreed with MR strategies. Consequently, Esteves (2014) postulated that “public perceptions and stakeholder engagement” act as main barriers to instigating UK MR schemes and the dissemination of the constructive impacts of MR schemes. Earlier questionnaire investigations on this topic occasionally conveyed antagonistic verbiage to citizens inept at understanding the positives associated with MR schemes; Roca and Villares (2012:45) determined that “The low level of awareness of the managed realignment approach is an aspect that needs to be addressed for the outset of the planning phase.” Whilst Goeldner-Gianella (2007:15) resolved that “A statistical analysis showed that those most hostile to the process were generally older and possessed little knowledge of the marsh environments...The public’s scant knowledge of the environment and physical context, which must be improved if it is better understand and accept any future projects.” Thus, possibly furthering disdain amongst the public for UK MR schemes.
[bookmark: _Toc132236988]4.2 Scenario-Based Public Consultation

Scenario-based stakeholder and public consultation is deemed a convenient tool to expediate coastal management preparation that considers the intricacies and implications of climate change, and can be applied in combination with the Shoreline Management Plan planning process, particularly MR (Tompkins et al., 2008). Enabling and supervising public consultation presents various challenges, especially in coastal management. Official preferred elicitation simulations exist, notably through Regan et al (2006) research, however once preferences are prompted from group settings as opposed to individuals, complications are more likely to appear (Cooke and Kothari, 2001; Morgan, 2012; Morgan, 2014; Morgan and Kreuger, 2014). These are categorised into four major complications by Fischhoff (2019). Firstly, certain peoples’ inclinations are not always mirrored by group agreement. Secondly, certain peoples’ inclinations may not be accounted for within group settings as authority affairs may result in some individuals acting as more domineering components to the consultation process. Thirdly, certain peoples may not possess the capacity to coherently voice their inclinations due to deficiencies in self-assurance and/or confidence in the group in addition to insignificant moderated group management. Fourthly and finally, regardless of the ability of the group to include and mirror the perspective and ideals of all group members, consultation processes can result in the formation of novel group inclinations (Sagoff, 1998). 

The research undertaken in this study offers an innovative methodology in order to avoid the complications of group-based public consultation processes; via the offering of the piloted consultation group a questionnaire to complete individually and rank their preferences regarding the proposed MR actions pertaining to Cwm Ivy sea wall breach.

Three-dimensional model technologies have been innovated for numerous studies (Davies et al., 2002; Madureira et al., 2011; Olschewski et al., 2012). These studies only showed stationary images to the partakers. During his research period Jude (2008) discovered that combining 3D imaging and GIS roused further consequential dialogues regarding coastal management amongst coastal managers than 2D GIS-mapped techniques previously did, as a result refining engagement. The research of Fiore et al. (2009) presented the usage of simulated environments for quantitative analysis of inclinations. Their results indicated that 3D imagery produces more accurate convictions within environmental decision-making processes. Arguably the pioneering methodical use of virtual environments in questionnaire choice experiments was Bateman et al., (2009), the process lessened choice error in research relating to inclinations within coastal land-use conversions. The formation of virtual environments can present itself as a complex and costly process. Davies et al. (2002) used AutoCAD but Olschewski et al. (2012) used Virtual Nature Studio. If a virtual environment is to represent actual locations, then software that incorporates GIS data plugins is paramount. Bateman et al. (2009) made use of Terra Vista software whilst Fiore et al. (2009) used specific environment-based software. All of the above are costly software packages that require IT proficiency, affordability being the likely obstruction to widespread implementation. However, Hughes (2004) states that the efficacy of visualisations is more dependent on the “application in support of communicating the concept and its value to the user” than using cutting-edge image rendering technology.  

The research of Philipps and Marsh (2015) and Rulleau and Rey-Valette (2017) used 3D Computer Aided Design (CAD) software to respectively represent coastal erosion and managed retreat sea wall scenario outcomes from climate change to facilitate the questionnaire respondents’ visualisation of the financial, environmental and societal impact of each scenario. However, a clear gap in the literature exists for coastal managers to efficiently simplify the public consultation process using 3D Computer Generated Imagery (CGI) visualisations for coastal management matters, in instances of MR. Developing CGI of a localised environment with the omission of GIS can simplify the process and provide digestible imagery for the consultation process. Therefore, applying affordable, more user-friendly landscape architecture visualisations (using software such as Google SketchUp) to MR instances may result in more efficient and mutually beneficial consultation processes. Yet, as previously mentioned this is a time-consuming, laborious, skilled and a comparatively costly endeavour. Furthermore, another clear gap in the literature exists in the form of using PM of UAV imagery at MR sites. This technique is more user-friendly, timely and prompt. Yet the software (Adobe Photoshop) does incur some financial cost, annual subscription prices for both Photoshop and SketchUp Pro are comparatively equal. One major reason for considering PM methods is the possible elimination of time-consuming, complex software packages that require skilled users to operate. Thus, potentially allowing for more mutually beneficial and succinct interactions between coastal/land managers and local stakeholders regarding the visual outcomes of scenarios at MR sites. Calling for coastal managers to upskill with regard to virtual environment software techniques (e.g., Google SketchUp and landscape architecture) for MR stakeholder engagement purposes is an additional job in itself, and as a result at extra cost to the organisations/authorities involved. The software tools required to operate PM software (e.g., Adobe Photoshop) for MR stakeholder engagement purposes are much more prompt, digestible and far less intensive to learn and become proficient, particularly when reviewed and compared against the former methods of coastal scenario visualisation. 

[bookmark: _Toc132236989]4.3 Former Methods of Coastal Scenario Visualisation Considered for this Study

Earlier methods (pre-2010) of coastal scenario visualisation consisted of now defunct and outdated software packages; World Construction Set (now updated and known as Visual Nature Studio), early CAD and GIS software. As this study aims to produce novel, most functional and user-friendly visualisations in a short time span, these methods were deemed unsuitable. However, several contemporaneous (post-2010) coastal scenario visualisation compatible software were identified. Firstly, modern GIS software using topographical data was considered (MapInfo, ArcGIS and QGIS), however the main issue faced was contemplating the means of designing and reworking images for each of the five scenarios outlined in the Cwm Ivy Habitat Creation Plan. Additionally, 3D GIS, VR (Virtual Reality) GIS and AR (Augmented Reality) GIS are technologies still in their infancy stage and as such they too are beyond the remit of this research, yet they bare significant potential for future use in coastal scenario visualisations. This is particularly the case when combined with other visualisation software to create a comprehensive, interactive virtual environment. LiDAR and remote sensing in congruence with GIS was too overruled for feasibility and financial reasons. 

Building Information Modelling (BIM) and Google SketchUp visualisations with rendered overlays were also considered, another time-consuming and skilled endeavour. However, this method is better suited to visualising buildings, urban environments and hard-engineered coastal defence solutions, as evidenced in Phillips and Marsh (2015) research. All-in-all more suited to visualisations of potential installed coastal defences rather than their removal/realignment. Rendered overlays of Visual Nature Studio and other Landscape Architecture software visualisations appeared a more apt solution to the constraints of BIM; a better toolkit suited to representing marshland and its features in visualisations. Yet, it too is a time-consuming, costly and a skilled endeavour for an adept operator.

Significant obstacles prevailed with the use of the contemporary visualisation software packages. Firstly, their high financial cost. Secondly, their time-consuming nature was not compatible to the timeframe and nature of this research project. Thirdly, their steep software proficiency learning-curve. Fourthly, the vast dataset, timeframe and storage that would be required to produce five scenario visualisations is outside of the constraints and remit of a research project at MSc level. 

Upon brainstorming and considering the aforementioned constraints, PM negated the limitations of previously considered visualisation methods. PM software is available at cheaper costs, producing scenario visualisations would take less time, the software learning curve is more achievable, datasets are not as vast and is more suited to self-teaching. 

[bookmark: _Toc132236990]4.4 The Research Gap: Photo-Manipulation as a New Method of Coastal Scenario Visualisation?

PM as a tool for coastal scenario visualisation in MR schemes has, at the time of writing, not been trialled in academic literature. This paper proposes PM as a potential method to holistic coastal decision-making. Focussing on MR in saltmarsh environments and stakeholder engagement at MR sites. 
Photographic manipulation however, has appeared in EIA research and practice during Landscape Visual Impact Assessments (LVIA). As part of UK planning procedures, consultations are prerequisite, which leads to EIA and LVIA of developments (Wilson, 2009). These procedures commonly include computerised visualisation, photomontage and some PM, planning consultants are mandated to consider potential future scenarios including spatial data and spatial alterations (Tahvanainen et al., 2001). 

An and Ko (2012) identified several possible benefits by commissioning photo-manipulation techniques during planning stages of developments; public consultation and stakeholder engagement and their use in EIA and LVIA. Consultation and engagement processes are fundamental for UK developments and since their early stages, visualisations have been proposed to be favourable to the overall outcomes of project/developments (Perkins and Barnhart, 2005). 

Therefore, as a proposed method of producing coastal scenario visualisations and environmental communication, the PM method can be categorised as an outward-facing, science/public outreach, commandeered by qualified researchers/consultants to more inept audiences via public institutions, qualifying PM as a method of environmental communication by definitions outlined by Illingworth and Allen (2020). 

Upon discovering that photo-manipulation methods can be used successfully for planning purposes, I have identified a void in the academic literature for the method to be used elsewhere, yet with the same intentions; consultation and engagement stages of MR schemes. Commonly, research centred on MR schemes are focussed on the public perceptions upon the completion of said scheme rather than during consultation or engagement phases. Such as; Clayton (1993), Tyrrell and Dixon (2000), French (2001), Myatt et al., (2003), Goeldner-Gianella (2007), Roca and Villares (2012), Esteves (2014), Scott et al., (2015) & Rulleau and Rey-Valette (2017) situated at Brancaster, Medmerry & Steart MR sites to name but a few. Due to the controversial nature of MR schemes, I have identified a gap in the academic literature highlighting the requirement of prompt, clear and understandable schematic visualisations of MR schemes prior to the scheme’s commencement.
The contribution to the literature from this research is multifaceted and parallels the research structure of Phillips and Marsh (2015). Initially, a process by which MR scenarios can be produced using somewhat affordable, user-friendly software and UAV imagery is employed. The photo manipulated imagery of the five scenarios outlined in the Cwm Ivy Habitat Creation Scheme was designed using predictions from interviews with NT rangers, and conveyed through a questionnaire to a piloted study group; therefore, the production of imagery will not be limited to the restricted settings of costly IT laboratories. Finally, this research contributes to the sparse literature regarding photo-manipulation of UAV imagery in coastal choice experiments, by examining its consequence on the public consultation process, with particular attention paid to MR scenarios. 














[bookmark: _Toc132236991]5. Research Methodology

The preliminary considered method was to create & design a virtual environment, using Google SketchUp and image rendering software, depicting the scenarios outlined by NRW in the Cwm Ivy Habitat Creation Plan. However, upon further investigations this proposed methodology was discovered to be very intricate, costly, time-consuming and only suited to the long-term time frame of an extended research project. Subsequent methodological musings of a similar vein to the preliminary methodology highlighted the aptitude of PM as a viable method, and an untrialled approach with regard to visualising the outcomes of MR in habitat creation schemes.

Due to the novel nature of the research, there was no similar existing research to form a peer-reviewed structural pattern to the methodology. Therefore, in order to collect the required data to meet the research aim and objectives, a four-step chronological and sequential plan of mixed methods was employed. The subsequent sections account for the actions taken in order to collect and compile the required data.  

[bookmark: _Toc132236992]5.1 UAV Imagery

UAV devices can obtain high-resolution images securely, swiftly and at affordable rates (Han and Lee, 2021). In recent years UAVs have been applied to various fields, broadcasting and mapping of the being coastal zone one such field. The research of Pontee and Serato (2019) at the Steart Marshes MR site employed UAVs to measure rates of erosion in drainage channels upon the completion of the MR scheme. Their motivations for using UAV were for the safe, inexpensive and prompt means of data collection offered whilst working over a broad intertidal zone (Pontee and Serato (2019). Whilst, Dale et al., (2020) and Dale et al., (2021) echoed the same logical reasoning as Pontee and Serato (2019) for UAV usage in follow-up studies at Cwm Ivy MR site. However, UAVs in this study analysed changes in saltmarsh features and vegetation cover following MR schemes. At the time of writing, no literature or professional practice exists regarding photo-manipulated imagery from UAVs for coastal scenario visualisations of MR schemes. Yet, UAV imagery is the most feasible method of collecting photographic data for this study.

As the foundation of this research the it was imperative for the UAV imagery to meet certain criteria in order for the research to proceed effectively. Firstly, permission was obtained to fly the UAV and take images from the landowner (National Trust) by means of telephone call. The UAV was flown on a cloudy, overcast, weekday’s summer afternoon at mid tide (incoming) in order to produce the highest quality images and accentuate saltmarsh features. Trial images taken on sunny days had less clarity and saltmarsh features were not as prominent. The UAV model used was a DJI Mavic Air 2 and piloted by a licensed acquaintance at the legal altitude limit of 120m. The flight time was a total of 20 minutes, during which, several angles were used to ascertain the most appropriate perspectives of the Cwm Ivy sea wall breach, the birds-eye angle proved to be most appropriate. The completed UAV imagery can be found under the Results heading in fig. and in the appendix.


[bookmark: _Toc132236993]5.2 Interviews

Due to the interdisciplinary and proof-of-concept nature of this research, research at MR sites by means of UAV are typically grounded in vegetation cover, channel erosion and saltmarsh maturation/evolution. Therefore, digital elevation models, topographical data and LiDAR serve as reference points for forming visualisations. This research focusses on anticipated changes to the saltmarsh extent based on scenarios proposed in the Cwm Ivy Marsh Habitat Creation Project in order to produce informed visual outputs. This was achieved through interviewing NT staff whom forecasted visual predictions in the case of each scenario outlined in the Cwm Ivy Marsh HMP. Yet, McInnes et al., (2021) employed interview methods in order to ascertain public perceptions of the Steart Marshes MR scheme, in spite of this, the strategy of codifying key and common phrases in the interviews with NT staff and the coastal professional follow this structure.  

In order to advance to the PM stage of the research, it was vital to seek informed opinions for each of the scenarios with regard to the appearance of each scenario (as seen in the Cwm Ivy habitat creation scheme document). The formation of this theoretical underpinning was achieved through interviewing the land/coastal managers responsible at Cwm Ivy; the National Trust and Natural Resources Wales. Emails were sent to both the National Trust and NRW’s relevant departments in May 2021. Yet, only the National Trust replied with intent to participate in the research upon sending follow-up emails. NRW on the other hand proved difficult to contact, follow-up emails, telephone calls and social media messages remained unanswered. Possibly owing to the disbanding of the NRW team responsible for the scheme at Cwm Ivy and the project’s completion in 2015. As a result, NRW were not participants in this research. However, after prolonged communication with the National Trust Gower office two interviews were arranged for June 2021, coincidentally their busiest time of the year, owing to the delayed response time. 

The first interview (semi-structured) was in-person onsite at Cwm Ivy marsh with Mark Hipkin, Head Ranger for Gower. However, due to illness arising from the COVID-19 pandemic and Mark’s busy work schedule, the interview did not proceed until July 2021. Following this interview, I was put into contact with Alan Kearsley-Evans (National Trust’s General Manager for the Brecon Beacons and Gower) with plans of an additional in-person semi-structured interview, Alan’s busy work schedule meant that the telephone interview option was the only possibility, this proceeded in August 2021. Both interviews with the National Trust followed the same format. For the five scenarios as per the Cwm Ivy Habitat Creation Scheme, enquiries were made for expected visual, aesthetic and extents with attention also paid to anticipated changes to the surrounding saltmarsh features for each scenario. 

Prior to all three interviews, interviewees were:

· Offered the right to refuse to answer any questions
· Briefed on the aim & objectives outlined for this research

In order to facilitate the creation of the most effective PM imagery for each scenario the same format was applied for each scenario in question. Questions and talking points for NT interviews were pre-prepared and followed a checklist based on the appearance of the following criteria; vegetation coverage, greenery, sea wall erosion, saltmarsh erosion, drainage channel morphologies, drainage channel orientation, breach lengths, breach size and breach location. 

An additional open-ended question was posed to the NT interviewees:

· Do you think the PM method would be beneficial to the public consultation and stakeholder engagement processes in saltmarsh MR schemes?

Despite being the managers of public rights of way, Swansea Council and Wales Coast Path were not contacted to participate in the research due to this research being a proof-of-concept rather than a comprehensive analysis on the efficacy of scenario visualisation and the public/stakeholder consultation process at Cwm Ivy. 

A third interview was conducted with an anonymous Coastal Management professional in October 2022, upon the completion of the questionnaire stage. With the aim of imparting professional, practical judgements and evaluations regarding the PM method’s use in professional coastal scenario visualisations. This interview followed a structured format containing two open-ended questions:

· Would you use the PM method for coastal scenario-based consultations? Why? 
· Do you think PM is an effective method of visualising coastal scenarios, particularly for saltmarsh MR scenarios?

Key notes and transcriptions for all interviews are coded in the results section and found in their entirety in the appendix. Whilst the interview prompt sheets are found in the appendix.

[bookmark: _Toc132236994]5.3 Photo-Manipulation

At the time of writing there was no prior mention of photo-manipulation as a method of coastal scenario visualisation in the academic literature. As such, there was no previously completed research from which to emulate a structure or plan for this methodological stage. Initial methodological musings centred on VR software for the visualisations. This was predominantly for its superiority over static image presentations; however, VR has little presence in similarly veined research, likely owing to its intricacy, high development and delivery costs to its users (Phillips and Marsh, 2015). Consequently, owing to the proof-of-concept nature of this study. The manipulated UAV images may be found in the results section and in the appendix.

In order to manipulate the UAV images, the Adobe Creative Suite software of an acquaintance (professional photographer) was hired rather than purchasing an individual software subscription for Adobe Photoshop (£20 per month) or subscribing for a limited 7-day free trial. In doing so I was able to seek guidance from my acquaintance and self-teach via online tutorials, trial & error.

Using the six tools above permitted the creation of the PM imagery for this study. This imagery was based on the data provided from the NT interviews. The first tool to be used whilst generating the imagery was the Lasso, areas of the image that needed to be manipulated were removed. Whilst the lasso tool also aided in the formation of images that required multiple breaches, drainage channels in the image were lassoed and sectioned using the sizing cursor, to be attached where required whilst the eye-dropper tool ensured colour matching. Once this process was completed, the clone stamp tool was used to remove undesired features from the lassoed section, whilst the clone stamp and dodge & burn tools were used to remove any unwanted patterns/objects and then match brightness. Finally, in order to complete the seamless PM image, ‘final touches’ using the spot healing brush tool removed any inconsistencies and blended the lassoed areas seamlessly into the newly-manipulated images of all of the scenarios outlined in the Cwm Ivy Marsh HCP. 
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	Adobe Photoshop Tool
	Icon
	Function

	Spot Healing Brush
	
[image: How to Use the Healing Brush Tool in Photoshop - YouTube]
(Adobe Photoshop, 2022)



	· Removing unwanted blemishes and small objects
· Matching textures, lighting, transparency and shading for seamless blending

	Lasso
	[image: Guide to the Lasso Tool in Photoshop | Envira Gallery]



(Adobe Photoshop, 2022)

	· Drawing irregular borders around selected objects

	Dodge & Burn
	[image: Dodging and Burning Pro Tips in Photoshop - Improve Photography]



(Adobe Photoshop, 2022)

	· Lightening/darkening lassoed objects to form seamless images

	Clone Stamp
	[image: where is the clone tool? in PhotoShop CC 2017 - Adobe Support Community -  9262612](Adobe Photoshop, 2022)

	· Masking undesirable patterns/objects with textures from elsewhere in the image

	Eye-dropper
	
[image: Solved: paint bucket and eyedropper have strange icon and ... - Adobe  Support Community - 8513574]
(Adobe Photoshop, 2022)

	· Colour matching

	Sizing Cursor
	[image: Photoshop] - Brush Cursor Problems [Fix] - YouTube]



(Adobe Photoshop, 2022)

	· Correctly sizing manipulated objects












[bookmark: _Toc132236995]5.4 Questionnaire

Questionnaires and choice-based experiments have long been used to ascertain results, inclinations and perceptions for academic research. As such the questionnaire method was deemed an apt form of appraising the efficacy of the PM method at MR sites for scenario visualisations. Gender was initially chosen as the variable for a T-test statistical analysis, due to its ease of comparison in order to appraise the PM visualisation method. Mirroring the research of McKinley et al., (2020) who used gender as a fundamental variable for statistical analysis from which to draw research conclusions on public perceptions of MR schemes. However, given the instance of a lack of distinguishable gender and scenario ratings’ data trends, a Wilcoxon Signed-Rank test was employed to study proclivities between scenarios. The study was conducted under the pretext of a proof-of-concept, as such simple variables, such as gender, offer a more representative and straightforward approach to evaluating the PM method. McKinley et al., (2020) employed the Likert scale for gauging public perceptions of saltmarsh MR schemes in a UK-wide study, this enables averaging the Likert scale data to be more accurate and representable of the respondents and sample group. Consequently, informing the most suitable rationale for the chosen statistical analysis in this research, i.e., proclivities towards PM scenario visualisations. 

The created PM imagery was implemented into a questionnaire format. The questionnaire targeted residents of Landimore, Cheriton, Llanmadoc and Cwm Ivy. The most recently published census data indicated a population of 365 (ONS, 2021), at least 10% of which was required to produce a representative sample, consequently, a minimum of 40 responses was required over a two-month response time. Therefore, a stratified-area strategy was employed. However, the Office of National Statistics’ census is undertaken in decadal timespans. An updated UK census is imminent, accordingly a fluctuation in the population may affect the minimum number of responses required to produce a representative sample during the course of this study. 

Prior to conducting the questionnaire, an initial pilot study was conducted, in October 2021, to assess its suitability for the task at hand. Face-to-face questionnaire response methods proved highly ineffective, owing to hesitancies due to the ongoing COVID-19 pandemic. To ameliorate this, the questionnaire was distributed via a Google Forms link posted to the parish Facebook group that includes the villages in question.

A concise statement outlining the research aim and my identity was placed at the beginning of the questionnaire. It was imperative to avoid containing leading/presuming questions. The questionnaire is concisely worded but not vague, utilising effective, understandable wording and length purposed to maximise response rates. The questionnaire is 11 questions in length; initially comprising of pre-coded, closed questions focussed on demographical factors such as age group, gender and which village the respondent inhabits. Names, personal information and other identity-based criteria are not queried. The main questions follow a Likert scale format, this is in order to rank the PM imagery of each proposed scenario outcome from 1-10(1= worst, 10= best), a probe question follows the Likert scale scenario questions in order to discover the justifications for respondents’ most and least favoured scenarios proposed by in the Cwm Ivy Marsh HCP. A final question was included to rate the PM methodology out of 10 (1= very bad, 10= very good) with space to offer recommendations of improvements to the PM method. The concluding component comprised of a closing statement; thanking respondents for their participation and included contact details in the event of individuals wishing to opt to out from the research, or if any respondents wished to remain updated with the research. 

[bookmark: _Toc132236996]5.5 Statistical Analysis

Upon the end of the two-month questionnaire data collection period, all questionnaire data was imported from Google Forms to a Microsoft Excel spreadsheet in order to statistically analyse the dataset. A t-Wilcoxon Signed-Rank test was used in Excel to compare the respondents’ scenario choice proclivities. Each scenario outlined in the Cwm Ivy Marsh HCP were tested against each other. The two-tailed version was selected as it aids in the ranking of which scenarios were most & least favourable at Cwm Ivy by locals. This was achieved using a Likert scale of 1-10, thus simplifying the comparison of genders’ perception towards each scenario. Gender was initially selected as a variable, yet data trends showed no significance. Therefore, providing the rationale for the Wilcoxon Signed-Rank test to evaluate public perceptions between each scenario. This research is focussed on trialling the suitability of the photo-manipulation method as a proof-of-concept rather than a comprehensive investigation into Cwm Ivy MR’s site public consultation and stakeholder engagement issues. Finally, the mean favourability rating for the “How would you rate this method of public consultation?” question was calculated, this provided the definitive perception of the PM method. Furthermore, due to the research’s proof-of-concept nature, statistical analyses need only to offer some insight to the viability, suitability and feasibility of photo-manipulation as a scenario visualisation tool during MR consultation stages. Whilst it is vital to remain fully aware that this research’s findings are not indicative of all UK MR schemes and that each one offers its own nuanced public consultation-related disputes.

[bookmark: _Toc132236997]5.6 Research Justification 

Upon reviewing the academic literature and professional practice in the domain of MR schemes’ scenario-based public consultation, a need for a digestible, simple and prompt method of visualising scenarios became apparent. After brainstorming, a possible solution to aid in the convoluted and oftentimes controversial processes of public consultation and stakeholder engagement was unearthed, PM. PM visualisations offer a more comprehensive and tangible outlook of the visual aspects of MR schemes when compared with older infographics. Yet, when compared with their modernised and intricate counterparts, PM visualisation has the potential to retain the visual simplicity of earlier methods (such as fig.9, the Steart Marshes visualisation) whilst offering a more realistic, timely and digestible visual projection of the intricacies of MR schemes. Table 2 below summarises earlier sections and provides the rationale for trialling PM as a method of visualisation.




	Visualisation method
	Low-cost software
	Comprehensive output for MR schemes
	Timely
	Digestible public communication tool
	Can represent saltmarsh MR scenarios accurately
	Learnable software (short-term)
	Achievable for current coastal managers

	PM
	Yes   
	Yes
	Yes
	Yes
	Somewhat
	Yes
	Yes

	GIS (3D & Topographical)
	Somewhat
	Yes
	Somewhat
	Somewhat
	Yes
	Somewhat
	Yes

	CGI, Rendering & Landscape Architecture (e.g., Visual Nature Studio)
	No
	Yes
	No
	Yes
	Yes
	No
	No

	BIM
	No
	Somewhat
	No
	Yes
	Yes
	No
	No

	3D CAD (e.g., SketchUp)
	Somewhat
	Yes
	No
	Yes
	Yes
	No
	No

	VR/AR GIS
	No
	Yes
	No
	Yes
	Yes
	No
	No


 




Table 2: Criteria of coastal scenario visualisation methods, underpinning the rationale for employing and trialling the PM method in this research.

As previously mentioned, the PM method is viable, repeatable, suitable and applicable for MR schemes beyond that of Cwm Ivy. In theory, PM surpasses previously established methods in several categories, as seen above in table 2. In comparison to other visualisation methods, the software required (Adobe Photoshop) for PM is widely available at low financial cost, is learnable in a short-term timeframe and can produce comprehensive visual outputs in a timely fashion that are digestible for the uninitiated general public. Consequently, PM is an achievable method for current coastal managers/consultants, yet its main drawback is that the software toolset can prove limited when representing saltmarsh features, owing to the complex mosaic structure of saltmarsh drainage channels and the difficulty to predict their course without the use of fluvial modelling software.

Another researcher may repeat the same chronological, methodological stages for a similar project. However, it is important to note, that each MR site offers its own disputes and issues during public consultation and stakeholder engagement processes. Due to the untested nature of the PM method in research, it proved difficult to elicit the literature in order to emulate a tried-and-tested process of testing new visualisation methods. Yet, previous research on public perceptions of MR schemes such as Philipps and Marsh (2015) who structured their research chronologically and methodically so that each methodological stage lead into the next (e.g., the creation of a coastal visualisation then questionnaire then statistical analysis) which demonstrated its functionality and operational success. 

[bookmark: _Toc132236998]5.7 Hypothesis

Upon the creation of the PM imagery and the piloting of the questionnaire, it was hypothesised for the respondents’ results to comprise of predominantly negative views regarding each scenario. Due to defiant sentiments regarding the repairing of the sea-wall and the reinstation of public access rights along its length. However, at the core of this research is founded in the desire to understand the proclivities of the local Cwm Ivy populace towards a PM method of coastal visualisation.  



[bookmark: _Toc132236999]6. Analysis of Results

Summarised in this section below are the key findings upon the completion of the stages set out in the research methodology. The key point to influence the PM imagery from the interviews with both NT employees was that any changes at the MR site are expected to be changes to the embankment at this stage, rather than the saltmarsh, as it has now been fully established and is maturing (Hipkin, 2021; Kearsley-Evans, 2021 pers. comm). The key findings for each scenario from all methodological stages can be found in Table 3, Table 4 contains the results of the Wilcoxon statistical analysis and Table 5 codifies the open-ended question for improvement recommendations from the questionnaire.  

[bookmark: _Toc132237000]6.1 Quantitative Results

Respondents to the questionnaire were female-majority at 60%, whilst males assumed the remaining 40%. An overwhelming majority of the respondents were over the age of 55, 30% of whom belonging to the 55-64 age category and 35% of whom belonging to the 65 & over category. Those aged 45-54 comprised 12.5% of the total respondents, the remaining 22.5% of the respondents were either aged 25-34, 18-24 or under 18. In 1995, Rapoport’s research concluded that female respondents to questionnaires can often be observed to approve of assertions presented to them. Yet no trends with the demographic data affirmed this proposition; by age/gender/village and ratings of PM images. However, there exists a clear disdain for each scenario, whilst rankings of PM as a visualisation method is high (as seen in Table 3 and Table 4). The mean figures for each scenario rating remained low (highly unfavourable) whilst the mean figure for the rating of the PM method (6.25/10) was viewed moderately favourable. Thus, indicating that were PM visualisation methods used in the early consultation process at Cwm Ivy, the Cwm Ivy HCP may have been received more positively by the local community, or at least attempting to bridge the divide between the local population, NT and NRW via visualised scenarios. The questionnaire results clearly indicate that the local population were not in favour of the sea-wall breach (Table 3, 4 and 5), as seen in low means and standard deviations of each Cwm Ivy PM scenario ratings, yet, the overall rating of the PM method was much higher and the PM method more positively received. Additionally, responses to question 11 in the questionnaire (“what improvements to the PM method would you recommend?”), as seen in Table 5, indicate further disdain for the actions taken by NT and NRW at Cwm Ivy. Fifteen responses from a total of forty were recorded voicing their desire for rebuilding/repairing the sea-wall and as such restoring public access along its length. Whilst a further four respondents voiced their interests for the inclusion of providing a scenario to bridge the breach. 

Results from the Wilcoxon test demonstrate that No Active Intervention, Widen the Breach (20m & 100m) and Create Multiple Breaches scenarios received comparable scores amongst questionnaire respondents; as seen in the similar means, standard deviations and the not significant results in the Wilcoxon test. Yet, the Undertake Small Scale Works in the Marsh scenario garnered significant results in the Wilcoxon tests (as seen in Table 4) indicating either a proclivity to this scenario or possible confusion with the scenario outcomes itself. However, Table 5 summarises recommendations for PM methodological improvements, from question 11 of the questionnaire (see thematic key word/phrase frequency table, Appendices E and F). Four instances of misunderstandings of the PM method were recorded, four instances of questionnaire respondents requiring more detail for each scenario and 2 accounts of a lack of knowledge for what each scenario represents. Therefore, likely alluding to the significant Wilcoxon test result and the increase in proclivity for the Undertaking Small Scale Works scenario, considering that a significant proportion of questionnaire respondents voiced disdain for the MR practices at Cwm Ivy and for the rebuilding of the sea-wall or reinstation of a public-right-of-way. Consequently, this raises some queries regarding the viability of the PM method. Findings seen in Table 5 and Appendix F allude that this an issue endemic only to this research and attributed to misunderstandings of either the aim of this research and/or a misunderstanding of the Undertake Small Scale Works in the Marsh scenario. An occurrence similarly found in the research of Rulleau and Rey-Valette (2017) in the misunderstanding of scenario outcomes.

The results of this study correlate with that of other researchers; Esteves (2014) concluded from their research that public and stakeholder disdain with regard to UK MR schemes stems from a lack of engaging and effective stakeholder engagement and public consultation processes. Myatt et al., (2003) concluded from their postal questionnaire results that at the Brancaster MR site, the respondents with the greatest contempt for the organisation responsible for undertaking the MR scheme were typically less accepting of the scheme. Both studies provide a direct correlation with the respondents in this Cwm Ivy study, thus illustrating a common theme of opposition to the Cwm Ivy HCP and the coastal managers responsible for undertaking MR schemes in the UK.


	Scenario (including PM imagery)
	Interview 
	Statistical Analyses

	No Active Intervention
[image: ]

	
· Existing drainage channels expected to expand/widen 
· Only difference would be tidal drainage
· Further collapse of earth-bank during spring tides
· “All other scenarios lead to No Active Intervention” (Kearsley-Evans, 2021. Pers. comm)

	
Mean:

2.2


Standard Deviation:

2.278100873





	Widen the Breach (20m)
[image: ]


	
· Further erosion to embankment is likely
· “No matter the width of the breach, much change isn’t likely” (Kearsley-Evans, 2021. Pers. comm)
· “Simply a wider gap of 20m” (Hipkin, 2021. Pers. comm)
· “Anything to do with further breaching shouldn’t affect the saltmarsh” (Hipkin, 2021. Pers. comm)

	
Mean:

2.075


Standard Deviation:

2.092569271





	Widen the Breach (100m)
[image: ]

	
· Further erosion to embankment erosion is likely
· “No matter the width of the breach, much change isn’t likely” (Kearsley-Evans, 2021. Pers. comm)
· “Simply a wider gap of either 100m” (Hipkin, 2021. Pers. comm)
· “Anything to do with further breaching shouldn’t affect the saltmarsh” (Hipkin, 2021. Pers. comm)

	
Mean:

2.25

Standard Deviation:

2.508958309





	[image: ]Create Multiple Breaches



	
· 10-15m wide breaches situated at old/existing drainage channel locations
· “Similar outcomes to Widen the Breach scenarios but at a smaller scale” (Hipkin, 2021. Pers. comm)

	
Mean:

2.35


Standard Deviation:

2.3484856





	[image: ]Undertake Small Scale Works in the Marsh



	
· Excavation of paleochannels breaching embankment to their current width 
· A series of smaller mini-breaches than Create Multiple Breaches scenario
· Paleochannels are currently excavating themselves i.e. No Active Intervention
· In due time this scenario would accelerate existing embankment failures

	
Mean:

3.625


Standard Deviation:

2.870607012





	
How would you rate this method of public consultation/engagement for coastal decision making?
	
n/a
	
Mean:

6.25


Standard Deviation:

3.168353127



Table 3. Compilation of key methodological findings in order to appraise the PM method as a method of coastal-scenario visualisation.




















	
	No Active Intervention
	Widen the Breach (20m)
	Widen the Breach (100m)
	Create Multiple Breaches
	Undertake Small Scale Works in the Marsh

	No Active Intervention

	
	N= 12
W= 28.5
p= >0.05
Not significant
	N= 12
W= 36.5
p= >0.05
Not significant
	N= 13
W= 43.5
p= >0.05
Not significant
	N= 23
W= -2.5549
p= <0.05
Significant

	Widen the Breach (20m)

	N= 12
W= 28.5
p= >0.05
Not significant
	
	N= 6
W= 2.5
p= n/a (N not large enough)
Not significant
	N= 12
W= 30
p= >0.05
Not significant
	N= 19
W= 25
p= <0.05
Significant

	Widen the Breach (100m)

	N= 12
W= 36.5
p= >0.05
Not significant
	N= 6
W= 2.5
p= n/a (N not large enough)
Not significant
	
	N= 6
W= 2.5
p= n/a (N not large enough)
Not significant
	N= 21
Z= -2.3461
p= <0.05
Significant

	Create Multiple Breaches

	N= 13
W= 43.5
p= >0.05
Not significant
	N= 12
W= 30
p= >0.05
Not significant
	N= 10
W= 24
p= >0.05
Not significant
	
	N= 20
Z= -2.4453
p= <0.05
Significant

	Undertake Small Scale Works in the Marsh

	N= 23
Z= -2.5549
p= <0.05
Significant
	N= 19
W= 25
p= <0.05
Significant
	N= 21
Z= -2.3461
p= <0.05
Significant
	N= 20
Z= -2.4453
p= <0.05
Significant
	


Table 4. Wilcoxon Test results. 

N= Sample size, Z = normally distributed result, W= not normally distributed result. 
If N= <20 it is normally distributed. Use Z-value
If N= >20 it is not normally distributed. Use W-value.
If p= <0.05 it is statistically significant, therefore indicating a difference in results.


	Repeated Words/Phrases/Themes 
	Frequency

	Repair/Rebuild the sea-wall/Restore access across the embankment


	15

	Positive affirmation of the PM method


	9

	Personal recommendations for the PM method


	5

	Include a scenario for bridging the breach


	4

	Lack of knowledge for what each scenario entails


	4

	Misunderstandings of the PM method and/or research objectives


	4

	Lack of knowledge of what a/each scenario entails


	2



Table 5. Frequency chart of results from question 11 of the questionnaire, coding the respondents’ recommendations for improvement to the PM method using repeated words/phrases/themes.

[bookmark: _Toc132237001]6.2 Qualitative Data

Views on the PM method by the NT interviewees surmised that: 

· “Saltmarsh isn’t pretty, it’s high-quality mud and a billion tiny invertebrates that feed the birds and so on. It would be difficult to sell, explain and demonstrate exactly what the site would look like, besides mud and dead things.” (Kearsley-Evans, 2021, pers. comm.)

· “If the PM method could demonstrate striking fauna such as kingfishers, otters or ospreys then it would definitely help during the consultation periods, yet, the visualisations may appear honest/dishonest based on seasonality, migration patterns and habitat extents.” (Kearsley-Evans, 2021. Pers. comm)

· “Fluvial modelling of drainage channels would be highly beneficial and offer more insight to morphology and extents of drainage channels and breaches for each scenario.” (Hipkin, 2021)

· “It would likely prove to be a quick and effective method of demonstrating updates/removals/replacements of hard-engineered coastal defences such as groynes, gabions and rock-armouring. However, marshland and its patchwork of complex features may prove difficult to represent with Photoshop tools. Also, the matter of ‘upskilling’ coastal professionals to include PM proficiency would be a major hurdle.” (Kearsley-Evans, 2021, pers. comm.)


When questioned on the validity of PM as a method of demonstrating MR scenarios in saltmarsh environments, the NT employees interviewed elicited similar responses. Kearsley-Evans (2021) claimed that visually demonstrating the benefits and ecosystem services from marshland MR is difficult, owing to the excess of rich mud and vast quantities of minute invertebrates. Mr Kearsley-Evans (2021) further suggested that should PM techniques evidence prominent large-fauna and their habitats, MR scenarios may be interpreted more favourably, however, his major concern highlighted that such PM visualisations are likely to appear different in accordance with the seasons and migration patterns, and as such influence the reception of scenario visualisations. Mr Hipkin (2021) surmised that in order for PM to be fully accurate and representative of each postulated saltmarsh MR scenario the use of fluvial modelling software would be highly advantageous with the end result of producing a more accurate visual aid. However, further concerns raised by Mr Kearsley-Evans (2021) whom stated that the PM software operator will likely be limited to the extents and morphologies present in the original image and as such may offer difficulties in the formation of PM imagery in-line with fluvial modelling outputs and the photoshop toolset. Conversely, it is important to note that this is would be contextual and a nuanced issue. Furthermore, Kearsley-Evans (2021) hypothesised that PM would be particularly apt for producing imagery of other hard-engineered coastal defences’ removal, yet most concerning to him is the matter of ‘up-skilling’ coastal professionals to incorporate PM software aptitude.  

Views on the PM method by the Coastal Professional are concluded below:

· Would you employ the PM method for scenario-based consultation?

· “Yes and No. Yes… a relatively quick and easy-to understand model that could be less time-consuming to formulate than GIS… quite suitable as a facilitatory tool alongside GIS models. However, I do have my concerns about this as visual method… require additional training or a PM skilled third-party to create the visual under supervision of a coastal consultant. Despite some of its complexities, GIS is tried-and-tested… also conveys data and predictions of channel morphologies more representatively… widely taught to young professionals.” (Anon, 2022, pers. comm)   

· Do you think PM would be an effective method for consultation purposes?

· “Habitat creation would be particularly difficult to convey using PM… I can see the benefits of PM to early consultation processes as facilitatory imagery but not for comprehensive coastal scenario visualisations.” (Anon, 2022, pers. comm) 

· In your practice, have you noticed trends by gender in response to openness to MR schemes?

· “No…this is not a focal subject area of my job role.” (Anon, 2022, pers. comm) 


Interviewing a coastal management professional offered an additional dimension to the research objective of evaluating the PM method in saltmarsh MR visualisations. The anonymous coastal professional conceded that the PM method would be suitable as a prompt and digestible visual aid to be used as facilitatory imagery alongside GIS models. Yet, as an experienced professional in the coastal management domain, their critical concerns were raised that further training and software proficiency would be required by coastal managers in order to formulate PM imagery. This stance was emboldened based on the fact that GIS models are certified, dependable and broadly taught to aspiring coastal professionals. Additionally voicing that GIS can convey forecasts of scenario-based changes of drainage channel morphologies more accurately. Similarly, this interview echoed that of Kearsley-Evans (2021), in that HCP’s may be difficult to represent through the sole medium of PM whilst recognising its value the early public consultation process as facilitatory imagery, not as fully comprehensive or standalone methods of displaying MR visualisations. Finally, the coastal management professional had not encountered gender-based trends of attitudes towards MR schemes, backing the earlier findings of the questionnaire data that too demonstrated no gender-based trends in the dataset.
 
[bookmark: _Toc132237002]6.3 Discussion

Whilst academic discussions within communicating coastal decision-making remain disputed, as previously alluded to in Chapter 1, the IPCC (2018) stipulates six key principles in order to achieve effective environmental communication: 
1. Communicate confidently
2. Discuss actual events rather than theoretical concepts 
3. Identify that which concerns the audience 
4. Present relatable content 
5. Begin with the facts
6. Only utilise the most effectual visual communication     

Namely it is worth noting the sixth principle, “Only utilise the most effectual visual communication.” (IPCC, 2018). In order for PM methods to heralded as an effective method of environmental communication, PM needs to be proven as a capable method of visualising MR scenarios. PM can aid coastal decision-makers to communicate confidently and offer a means of facilitating the deliberation of real-time events, as seen in the positive responses towards the PM method in the Cwm Ivy questionnaire. Furthermore, PM offers the opportunity for coastal managers to digestibly visually ascertain the concerns of the public and local stakeholders in a relatable and factual visual format. The questionnaire dataset produced in this study demonstrates a clear affinity to the PM method; firstly, by the mean response rating of the PM method totalled 6.25/10 (Table 3), indicating a somewhat favourable outlook towards the method. Secondly, the thematic frequency table (Table 5) elicited nine positive affirmations of the PM method, five recommendations for enhancing the method and four propositions to include a scenario for the bridging of the breach. Indicating positive attitudes and engagement with the PM method. Conversely, outputs from the interview stage surmised that PM would be appropriate for the initial stages of public consultation due to its prompt and digestible output. Interviews suggested that PM would be bolstered when combined with fluvial modelling techniques beforehand in order to create a more accurate visual to deduce drainage channel extents, morphologies and locations (Hipkin, 2021. Pers. comm.; Anon, 2022. Pers. comm). Consequently, as a standalone visual output for coastal scenario visualisations, PM is suited to the role of facilitatory imagery. Yet in practice, if PM is combined with fluvial modelling, then it would likely convene with the sixth principle outlined by the IPCC (2018) for effective environmental communication and as such be considered as a standalone form of MR scenario visualisation. However, as it stands, PM may only be suitable for use as facilitatory imagery in the early stages of consultation processes, whilst more time-consuming, skilled, comprehensive and representative visualisation methods as seen in Table 2 currently reign supreme in this domain. 

[bookmark: _Toc132237003]6.4 Suitability of PM at MR Schemes

Prospective MR schemes in the USA may benefit from the use of the PM method due to the difference in focus between American and UK MR objectives. In short American MR practice focuses on retreating settlements from flooding (see appendix A for further detail). Whereas in the UK MR practice focuses predominantly toward realigning coastal defences further inland and creating compensatory habitats providing ecosystem services and increasing coastal resilience as a by-product. Saltmarshes being one such example. Given this, PM may be better suited to American MR practices. Kearsley-Evans (2019) stated that PM would likely demonstrate as a prompt and effectual method of visualising scenarios of the removal/updating/replacement of other engineered coastal defences. Applying this process to MR in the USA, whose controversies surrounding MR schemes are expected to include those surrounding community relocation, which may appear as more conducive to the PM method over HCP. This is in congruence with Norton et al (2019) who recapitulated that employing basic, decision-oriented, scenario models can enable heightened hazard alleviation studies, community relocation and strategy implementations at planning stages. With keen attention paid to the tailoring of approaches according to bespoke political and environmental confines of the relocated communities, effective leadership is required by commanders of MR schemes (Norton et al., 2019). 

As previously alluded to, PM may extend itself as a viable method of visualising MR scenarios during the initial stages of public consultation and stakeholder engagement, in particular when combined with fluvial modelling outputs (Hipkin, 2021). Results from the Wilcoxon Signed-Rank tests indicate an affinity towards the method but disdain towards the scenarios outlined in the Cwm Ivy HCP, see Table 4. The mean results for the favourability of scenarios outlined in the Cwm Ivy HCP amongst the respondents remained below 3.0/10 whilst the mean rating of the PM method was 6.25/10 (see Table 3), highlighting a discontent for the scenarios pitched by NRW and NT but a favourability towards PM as a digestible visual method of demonstrating each scenario. However, significant results from the Wilcoxon Signed-Rank tests illustrated that the Undertake Small Scale Works in the Marsh scenario (as seen in Table 4) indicated either a proclivity to this scenario or likely a misunderstanding of the scenario itself. However, Table 5 accounts four instances of misunderstandings of the PM method, four instances of questionnaire respondents requiring more detail for each scenario and 2 accounts of a lack of knowledge of each scenario. Additionally, Table 5 accounts fifteen respondents calling for the rebuilding of the sea-wall, highlighting a misunderstanding of the MR process. Therefore, alluding to the significant Wilcoxon test result and the increase in proclivity for the Undertaking Small Scale Works scenario, considering that a significant proportion of questionnaire respondents voiced disdain for the MR practices at Cwm Ivy and for the rebuilding of the sea-wall or reinstation of a public-right-of-way. Consequently, this raises some queries regarding the viability of the PM method. As such, highlighting the importance of communicating confidently the outcomes of each MR scenario and low-levels of public understanding of MR issues. Both issues were also present in the research of Myatt et al (2003) when studying public perceptions at an MR scheme in Lincolnshire. These issues may be ameliorated by applying PM methods to other more comprehensible climate-adaption strategies (Norton et al., 2019), such as the removal/updating of other hard-engineered coastal defences; groynes, gabions and rock-armouring (Kearsley-Evans, 2021).  

[bookmark: _Toc132237004]6.5 Methodological Issues

The PM methodology offered its own set of challenges throughout the duration of the project. PM as a visualisation methodology acquires its limits to conveying the visual aspects of habitat creation/change in wider marshland environments. Conveying the visual outcomes of scenarios such as breaches to embankments, PM is highly effective. Yet, using the PM software at hand, it may prove difficult for the operator to visualise drainage channel morphologies and newly created habitats for marine, terrestrial, intertidal and avian species. The software operator may only use the marshland features available to them from the UAV imagery, therefore it is a suitable method for demonstrating anticipated changes for each scenario, without the additional use of fluid modelling software, as suggested by Hipkin (2021) it may prove problematic to produce an accurate representation of saltmarsh features, habitat locations and appearances for each proposed scenario. Concerns were voiced by all three interviewees (Hipkin, 2021; Kearsley-Evans, 2021 and Anon, 2022) that saltmarsh drainage channels are too random in their morphologies to produce manipulated imagery with accuracy. Again, this may be ameliorated by employing fluvial modelling. However, it is key for these considerations to be considered in nuance and as per the scenario requirements of each MR scheme. Furthermore, highlighting that PM may be better suited to the need for visualisations of sea defences’ removal at public consultation level. However, the PM method may also suit the requirements of schemes such the Steart Marshes where artificial drainage channels were excavated and as such eliminates the need to visualise ‘random’ morphologies of drainage channels or employ fluvial modelling. 

The MR visualisations produced by PM are required to be as accurate as possible, as a result only coastal managers may undertake the creation of PM imagery due to the complexities of saltmarsh features. In order to produce visually representative imagery, ‘artist’s impression’ imagery would not be deemed suitable for the task at hand, illustrating expected outcomes of MR scenarios to stakeholders and the public. In order to combat this limitation during the research process, NT and NRW were approached in order to formulate representative imagery for each scenario. As alluded to in the Methodological Review, the NT interviewees responded sporadically and set interview dates weeks in advance due to their busy working schedule. However, NRW did not respond to email, telephone or social media messaging outreach. Further research applications of PM that require expert opinions to formulate imagery must bear this in mind. Esteves (2014) and McKinley et al (2020) also experienced similar adversity in securing interviews, possibly alluding to the difficult and controversial nature of MR schemes. Raising questions of the transparency of the organisations involved to communicate effectively with the Cwm Ivy stakeholders and highly indicating that NRW and NT failed to adhere to the six principles of effective environmental communication outlined by the IPCC (2018). NT released a Shifting Shores report in 2015 highlighting the importance for MR on UK coastlines, whilst NRW released info sheets highlighting the scenarios at Cwm Ivy (NRW, 2015), both organisations were involved in the public consultation process (drop-in sessions) at Cwm Ivy. Yet public disdain is rife for the actions taken at the breach site as seen in Table 3 and the total mean ratings for each proposed scenario. The results of this research are highly surmised to be affected downstream of this. Had NT and NRW better communicated the benefits of increased ecosystem services and the establishment of further bird, wader and wildfowl habitats as per the EU Wild Birds and Habitats Directive, questions arise concerning the favourability and as such the mean totals for each scenario in Table 3.

 It is clear why Cwm Ivy HCP has been disliked among the local populace and the reasons why the results seen in Tables 3, 4 and 5 present themselves accordingly. Firstly, the sea-wall dating to the Victorian era was deemed unworthy of upkeep and in doing so a unique, first-of-its-kind coastal right of way was demolished and not reinstated. Secondly, the newly formed and abundant mud-based habitats are not as green as prior to the breach (as seen in fig.5). An NT interviewee stated that “saltmarsh isn’t pretty” (Kearsley-Evans, 2021. Pers. comm) indicating apprehensions towards public acceptance of the Cwm Ivy HCP. During the planning and consultation processes at Medmerry and the Steart Marshes MR sites, advisory groups were founded in order to attain public backing to the schemes. Had this been completed by the NT and NRW at Cwm Ivy, the results to this study may vary and as such perceptions towards the PM method. Ineffective consultation with the public and stakeholders of realigned areas occasionally results in political stalemates and a surge in public activism, both of which interrupt and interfere with progress towards HCPs (Buser, 2020). This is particularly relevant at the Cwm Ivy Marsh HCP, time consuming deliberation and ineffective communication of the aims and visual outcomes of the saltmarsh habitat creation plan led to community activism and discontent among local residents in particular. On the flip side, effective, efficient, prompt and precise public consultation can fast-track habitat creation projects, even the biggest MR plans (Scott et al., 2015). Had the Cwm Ivy HCP been better received by local residents, the reception of the PM method and its overall mean rating may well have increased whilst encountering fewer misunderstandings of the research aim and the scenarios.

Additional complications encountered during this research found that respondents intermittently lack understanding of the research aim and the content of each scenario. Possibly stemming from a lack of effective communication by land/coastal managers at Cwm Ivy. However, these complications are prevalent throughout the MR scenario visualisation literature (Myatt-Bell et al., 2002; Myatt et al., 2003; Brown et al., 2006; Bateman, 2009; Esteves, 2014; Rulleau and Rey-Valette, 2017). Consequently, the apparency for coastal managers to engage with the public in simplified terms with simplified and digestible visualisations that the public view with favourability, such as PM as outlined in Table 3 with the mean ranking of the PM method. 

The results of this study correlate with that of other researchers; Esteves (2014) concluded from their research that public and stakeholder disdain with regard to UK MR schemes stems from a lack of engaging and effective stakeholder engagement and public consultation processes. Myatt et al., (2003) concluded from their postal questionnaire results that at the Brancaster MR site, the respondents with the greatest contempt for the organisation responsible for undertaking the MR scheme were typically less accepting of the scheme. Both studies provide a direct correlation with the respondents in this Cwm Ivy study, thus illustrating a common theme of opposition to the Cwm Ivy HCP and the coastal managers responsible for undertaking MR schemes in the UK. There are limited follow-up studies post-breach at Cwm Ivy aside from Dale et al., (2020) and Dale et al., (2021), both of which studied fluxes in vegetation cover and monitoring morphological changes to saltmarsh features following the breach of the sea-wall at Cwm Ivy. Conversely, at Medmerry and the Steart Marshes numerous follow-up public perceptions studies have been undertaken and published since the projects’ completions. As seen in the Pontee and Serato (2019) study at the Steart marshes, assessing the success of the scheme and public acceptance. However, this may be owing to the fact that the Cwm Ivy MR HCP is considerable smaller than that of Medmerry MR site and the Steart Marshes. Follow-up perception studies at Cwm Ivy may have initiated the amelioration process of local discontent with the scheme and as such affected the results of this research. 

[bookmark: _Toc132237005]6.6 PM Methodological Benefits
 
As identified in this research and in the surrounding literature, there is a calling for early, digestible coastal scenario visualisations at UK MR and erosional sites (Myatt-Bell et al., 2002; Myatt et al., 2003; Brown et al., 2006; Bateman et al., 2009; Esteves, 2014; Rulleau and Rey-Valette, 2017; Norton et al., 2019). PM offers itself as a public info-graph visualisation that is digestible for individuals not versed in coastal matters yet involved in coastal decision-making. Most disputes with MR scenarios stem from aesthetic changes and diversions of public rights-of-way, such as at Cwm Ivy. As a method of conveying diversions and aesthetic changes to coastal land PM can offer a relatable visual that represents how realigned landscapes may appear and provide an extension of decision-making input to the public and stakeholders. This would be particularly beneficial to the public consultation and stakeholder engagement processes, by offering prompt end-result visualisations of an MR/HCP at comparatively low-cost and low-skill to the coastal manager(s). The end result being a digestible and accessible science communication tool for coastal decision-makers and the public; clear and accessible visualisations are vital to increase community engagement with MR schemes (DeCock-Caspell and Vasseur, 2021). As such PM might act as initial visualisations of coastal scenarios, and as interim substitutes for the more comprehensive (Anon, 2022. Pers. comm), advanced and costly visual solutions such as GIS, CAD and Landscape Architecture. PM methods may aid in compensatory habitat creation and other climate-change adaptive decision-making procedures as visual aids during public consultation and stakeholder engagement processes (Kearsley-Evans, 2021. Pers. comm; Anon, 2022. Pers. comm). However, the PM method was not without its constraints during this study. 



[bookmark: _Toc132237006]6.7 Methodological Evaluation

Female respondents to questionnaires can often be observed to approve of assertions presented to them (Rapoport, 1995). Given this proposition, it is hypothetical that a focus-group method akin to that of (Esteves, 2014) instead of the online questionnaire may have proved more fruitful in order to examine differences between demographic data and scenario ratings. This is one of numerous evaluated considerations upon the completion of the research. Given that gender produces a binary data output, it was initially deemed an appropriate variable in order to compare and statistically analyse the scenario ratings. However, trends in the questionnaire data did not allude to gender-scenario proclivities, consequently out-ruling the use of t-test analysis, upon deliberation the Wilcoxon Signed-Rank test was found to be a suitable replacement to meet the aim and objectives of this research. Due to the chronological nature of the research, research stages could not progress until the previous was completed, accordingly, difficulties were encountered beyond the researcher’s control. Awaiting replies from NRW and NT prospective interviewees (due to their busy summer working schedule) stalled the data collection process and meant that whilst UAV imagery could be taken when suitable weather conditions permitted, the PM stage did not yet have the data required in order to produce the imagery. As a result, time scheduling became much more convoluted and as a result the questionnaire was published to prospective respondents in the autumn (October 2021) instead of Summer (July/August 2021), engagement was anticipated to be higher during summer months due to sufficient clement weather. Fortunately, an acquaintance possessed the Adobe Creative Suite software which enabled the seamless process of generating the imagery. Software cost and compatibility were no barrier. The COVID-19 pandemic posed several barriers to the data collection stages; bouts of illnesses postponed initial interviews with NT interviewees. Whilst ethical issues arose concerning the predominantly elderly population local to Cwm Ivy, as such a decision was made to forego focus-groups and in-person questionnaire data collection. Instead resorting to an online form of collection, some residents may not have social media or internet access, thus nullifying them from participating in the research. However, due to the use of a local parish Facebook group, a sampling skew may occur in the questionnaire data. Solely, local (to Cwm Ivy) respondents, in a community that has previously voiced (Save Our Sea Wall Facebook group) clear disdain amongst its population to the HCP at Cwm Ivy. In accordance with the social media distribution method, this may have factored into the overall questionnaire results rating the scenarios so lowly. However, the PM method is still viably appraisable via the channel of this research. The comparison between the ratings of the PM method and scenarios highlight so.  







[bookmark: _Toc132237007]7. Recommendations 

Should this research be repeated, the use of focus-groups as a method of gathering public perceptions of PM may prove more detailed yet the pilot group would be smaller, raising issues with sampling. The production of accurate imagery in this research was dependant on the correspondence with NT and NRW site managers. Summer being acknowledged as their busy working period, conducting research using PM may prove effective in ‘shoulder-seasons’ such as Spring or Autumn in order to minimise delays to the project timescale. The lack of effective engagement with the public regarding proposed actions at the Cwm Ivy MR site, elicited confusion amongst the passionate questionnaire respondents. Misunderstandings of the proposed scenarios was a central issue in the online questionnaire and elicited passionate responses regarding the reinstation of a public right of way. If this research were to be repeated the use of focus-groups, akin to Esteves (2014) may eliminate methodological confusion, due to the improved opportunity of verbally in-person presenting the aim of the research and clarifying each scenario to the group. Yet, the COVID-19 pandemic may still prove an obstacle, especially considering the local population comprise of an elderly majority. Elsewhere, clear cooperation issues exist within the management structure of the Cwm Ivy marsh. NRW oversee all environmental actions, both marine and terrestrial. NT own the land, whilst Swansea Council and the Wales Coast Path maintain public rights of way. Should one organisation be responsible for the aforementioned, a seamless implementation of this research structure may be applied at Cwm Ivy MR site.

[bookmark: _Toc132237008]7.1 Future Considerations for Photo-Manipulation Methods in Coastal Scenario Visualisation

Future use of the PM method has been suggested as suitable for the initial consultation stage, in order to provide digestible facilitatory imagery (Kearsley-Evans, 2021; Anon, 2022). Incorporating fluvial modelling of saltmarsh drainage channels will likely generate more accurate scenario outcomes (Hipkin, 2021), whilst retaining its digestible format for the uninitiated public. However, new technologies in the same vein include video-manipulation in order to create a VR environment that elicits a ‘flythrough’ immersive digital environment. This may improve choice-based questionnaire results due to its superior interactive capabilities over the PM method, thus emulating the research of Phillips and Marsh 2015 whom utilised several camera angles to further demonstrate anticipated changes as set out in MR scenarios. The incorporation of other demographics into the questionnaire-based research such as; local populations versus non-local populations, local residents versus tourists, urban dwellers versus rural dwellers or young versus old may provide an insight into demographical proclivities, as seen in the research of McKinley et al., (2020). Furthermore, using a comparison study of two MR sites may prove effectual, such as comparing perceptions of PM between Cwm Ivy and Brancaster, Steart Marshes or Medmerry. In addition to comparing the perceptions of PM as a visual for the realignment of two local public coastal footpaths such as Cwm Ivy sea-wall and the Oxwich river bridge removal. The aim being to assess the value and efficacy of PM as an MR scenario visualisation method further by including perceptions of stakeholders at other MR sites. Then comparing, contrasting and cross-referencing all studies to further surmise MR as a scenario visualisation tool

This research methodology is repeatable and can be effectively applied to all MR schemes. Lessons learnt from the Cwm Ivy case study indicate that early engagement by NT and NRW would have likely solved the issues of comprehension in the questionnaire stage. Results in this research indicated that the scenarios were not viewed favourably but the PM method was. As seen in the low mean rating of each scenario but somewhat favourably viewed PM method rating (6.25/10) as seen in Table 3. Additionally, PM research may be applied to a wider scope of respondents in research or a wider scope of the public in professional coastal research in order to elicit early perceptions of each MR scenario, as evidenced by Esteves (2014), Philipps and Marsh (2015) and McKinley et al., (2020). However, in order to further appraise the PM method, it would be incumbent to follow the methodological structure of McKinley et al., (2020) in accordance with this research. The outcome would be to include multiple MR schemes’ scenario visualisations using PM and then compare findings and trends in the data related to demographics and geographical location. This would be most useful to the early stages of conception of MR schemes. Furthermore, future researchers may widen the questionnaire radius to include other villages or areas across several scales for example, Gower/Swansea/Wales/UK, the end result being the comparison of public perceptions of scenarios and the PM method by geographical location and note any trends.  

In order to produce the most effective visualisations for public engagement, it may be preferable to include fluvial modelled PM imagery alongside other methods (VR, rendering, CGI, landscape architecture, CAD, BIM, GIS) of visualising coastal and MR scenarios. In the of public engagement, MR is known to be a contentious issue. When combined with other methods of visualisation, PM may provide the sesmless and accepted desired outcomes for coastal managers’ proposed scenarios cases. The future of doing so may lie within VRGIS, Bateman et al., (2009) suggested that VR methods aid to reduce respondent judgement error in questionnaire-based research due to interaction. 

[bookmark: _Toc132237009]7.2 Conclusion

Upon comparing and contrasting the advantages and limitations offered by PM in the context of coastal scenario visualisations, it is concluded that when employing PM, it is difficult to represent visual habitat creation/changes. However, existing methods of coastal visualisation (GIS, CAD, Rendering and Landscape Architecture) offer significantly more effective outputs in this regard, but at higher financial cost. Yet, these methods are more time-consuming and are undertakings for software-proficient individuals. The niche for PM to be used most effectively in professional settings in saltmarsh MR scenario visualisations is in the very early stages of public consultation and stakeholder engagement. GIS visualisations offer a comprehensive view for those conversant in coastal processes. Whereas PM visualisations offer a more ‘digestible’ output for general public consumption. Future scenario visualisation in research and practice at saltmarsh MR sites likely lie with AR/VR GIS. However, PM would remain a useful prompt, facilitatory method of initially visualising MR scenarios. Additionally, the PM method may be bolstered by employing fluvial modelling to accurately forecast location, morphologies and extents of drainage channels (Hipkin, 2021. Pers. comm). Due to the lack of academic literature surrounding PM and its use for coastal scenario visualisation, further studies of other MR sites Nevertheless, PM’s true strengths as a standalone visualisation may lie with visualising the removal/realignment/updating of coastal groynes, gabions and other engineered coastal defences (Anon, 2022. Pers. comm).

The aim of this research was to evaluate the efficacy and suitability of PM as a method of coastal scenario visualisation in MR schemes. This has been achieved through the deduction that PM is better suited to use at the initial stages of public consultation. Its effectiveness and accurate representation of saltmarsh morphologies would likely be increased when combined with fluvial modelling (Hipkin, 2021). Furthermore, the questionnaire data (as seen in Table 3), illustrate low mean ratings of each scenario. The Wilcoxon Signed-Rank test issued significant result for the Undertake Small Scale Works in the Marsh Scenario, indicating a deviation to the ways in which other scenarios were ranked due to misunderstandings of the research’s aim (as seen in Table 5). However, the mean rating of PM as a method (6.25/10) indicates a favourable affinity to PM as a scenario visualisation method. Upon the completion of the interview stage, Hipkin (2021) suggested fluvial modelling in combination with PM for effective outcomes. Kearsley-Evans (2021) suggested that PM may prove useful in the scenario visualisations of the removal of other coastal defences, yet concerns were raised about the limitations of the toolset provided by Adobe Photoshop and its ability to represent saltmarsh features accurately. The anonymous coastal professional (2022) suggested that PM is suitable as facilitatory imagery during the early public engagement/consultation processes, yet remains difficult to represent HCPs. Moreover, concluding that GIS is “tried and tested” (Anon, 2022. Pers. comm) and more comprehensive. Culminating in the fact that PM as a method of visualising saltmarsh MR scenarios requires further research practice, including further trial-and-error, in order to compete with the existing methods of coastal scenario visualisation seen in Table 2. 
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[bookmark: _Toc132237012]Appendix A – American MR 

In the USA, MR is more commonly referred to as managed/strategic retreat, and associated with the retreat or inundation of a residential/inhabited zone. Which differs when compared with the UK in particular, and the rest of Europe. The UK and European MR sites are usually uninhabited coastal lands with existing coastal defences. 

American forecasts into the environmental effects of climate change indicate forthcoming flood events which are likely to require extensive retreating and evacuation of human habitations from endangered coastal areas and riverine floodplains. In 2018, Dottori et al forecasted scenarios of a meek increase in global atmospheric temperatures of 1.5°C by 2100; global damage from flood events could increase by 160%-240% whilst flood mortalities could increase by 70%-83%. Additionally, by 2100, almost 500 American coastal communities (Dahl et al., 2017) and roughly 4.2 million American citizens (Hauer et al., 2016) could be affected by coastal flooding events under moderate estimations of sea-level rise. Other forms of managed retreat from environmental threats such as wildfires have been deliberated (Mach and Siders, 2021). In American contexts, the aim of retreating and relocation strategies is to diminish the overarching threats posed by flooding events in a sustainably managed manner; meaning that management options ought to be premeditated, calculated and fully aware of collaboration concerns, for example, upholding social capital, parity, assisting social justice and amplifying environmental collaborations (Mach and Siders, 2021).  

Community relocation is a primary objective in USA-based managed retreat. This process involves the comprehensive relocation of entire municipalities, communities and other social/political components (Siders, 2020). Relocating communities poses several hurdles, whilst also offering possible all-inclusive advantages over fragmented acquisitions or entirely removing vulnerable sites. Comprehensive relocation proposes a possible framework to eradicate the threats of flooding whilst wholly upholding and displacing the social dynamism of communities. Several forecasts indicate future droves of climate migrants, whereas numerous scholars and strategists are now emphasising the importance of producing accurate and reliable agendas, policies and methodologies for more extensive future retreats and relocations. In 2020, the US GAO narrated on previous relocations of American settlements; “GAO identified few communities in the United States that have considered climate migration as a resilience strategy, and just two…that moved forward with relocation.” Indicating the indifference and oblivious history of managed retreat in the USA.  

At present, the community relocation and habitat creation schemes in the USA do not share a key common denominator. That is the process of persistent monitoring upon the schemes’ conclusion in order to evaluate the results and influence future considerations. This is reinforced by the findings of Siders et al (2019) (p.763), whom stated that appraisals of managed retreat aftermaths are restricted and particularly inhibited by a scarcity of information. In short, the American approach to managed retreat objectivises community conservation and relocation. However, the British approach to MR objectivises environmental restoration, habitat creation and ‘returning to nature.’ 



[bookmark: _Toc132237013]Appendix B – UK MR Schemes


[bookmark: _Toc132237014]B.1 Medmerry Managed Realignment Site

At the time of its breaching, the scheme at the Medmerry MR Site was the largest open-coast MR site in Europe. The site is situated (as seen in Fig.7) on the south coast of the UK in West Sussex, to the west of the Manhood Peninsula within the confines of the Solent. The decision to realign resulted from collaboration between the RSPB and the Environment Agency, in alignment with the coastal management paradigm shift towards MR. Before the initial breach at Medmerry, the historically reclaimed agricultural land was shielded by a barrier of shingle sediment. Prior to its reclamation, the same sediment had formerly shielded a lagoon of brackish water that empties back into the sea via Pagham Harbour to the east of the Medmerry site (Bone, 1996; Krawjec 2017). Throughout the winter months, persistent management was essential in order to elevate, restructure and recycle the shingle barrier beach sediment with the purpose of preserving the required coastal flood defence. In 2007, an assessment by the Environment Agency appraised coastal flooding and erosion at Medmerry’s MR site, the verdict outlined that the defences present were inept further than the short-term scale. Consequently, MR was recommended and as such applied, thus fulfilling its role as the most appropriate long-term solution of coastal flood defence. Additionally, MR was selected in order to offset the dwindling of protected intertidal saltmarsh extent in the Manhood Peninsula. In the Solent area as a whole, an excess of 80% of its saltmarsh extent is titled for ecological conservation means (Foster et al., 2014), yet this extent is at risk and is rapidly diminishing as a result of constrained sediment stock, pollution, rising sea levels and coastal squeeze (Baily and Pearson, 2007). 

[image: Fig. 1]
Fig. 7. Maps illustrating the site of the breach, at Medmerry MR Site with Pagham Harbour to the west. All of which within the broader Solent area (Dale et al., 2018). 

The autumn of 2011 saw the building of new coastal defences (7km in length) that stretch 3km upcountry. At low tides, the four drainage channels with tidal sluice gates source freshwater to the area, consequently draining the nearby catchment. Simultaneously, the primary drainage channels in the area were re-shaped and exhumed. On the 9th of September 2013, the initial flood was initiated via a lone breach carved into the shingle sediment bank, establishing a somewhat sheltered semi-diurnal intermediate tidal classification that experiences restricted depths and wind fetch. In light of the initial breach at Medmerry MR Site, the breach now exists as retreated and broader than its original location. The scheme is praised for meeting its flood defence, biodiversity, public access and stakeholder engagement objectives. 

Stakeholder engagement and public consultation at Medmerry MR Site was undertaken through the formation of the Medmerry Stakeholder Advisory Group (MStAG) in 2009. Which offered local residents the opportunity to influence the creation and development of area in question. The initiative comprised of 23 local access groups, resident groups, councils and conservation organisations (RSPB & Environment Agency), whilst long-term monitoring and studies are being undertaken by the universities local to the area. (Environment Agency, 2015).  


[bookmark: _Toc132237015]B.2 Steart Marshes

Domestically, the Steart Coastal Management Project is one of the largest MR and habitat formation projects ever undertaken on British territory. The rationale for the project was outlined by the Environment Agency to mitigate the effects of coastal squeezing in the Severn Estuary, where it is estimated that 100ha of saltmarsh was being lost annually (Environment Agency, 1999). As such, the scheme was commissioned to enable the formation of compensatory habitat as replacement to that lost due to coastal squeezing, additionally, the scheme was authorised to upgrade flood defence within the Steart locality.

In order to achieve the aforementioned, 477ha of Steart Peninsula land was converted into diverse wildlife habitat mosaics (including saltmarsh and intertidal mudflats), whilst simultaneously upgrading coastal flood defences, municipal access and local community involvement (Scott et al., 2015). During the course of the project, copious challenges were confronted and consequently resolved (Scott et al., 2015); Firstly, and most notably, community engagement with the project, where community disapproval evolved into mutual encouragement. Secondly, the process of developing an assortment of habitat classifications. Thirdly, the planning and assembly of the newly formed marshland’s appearance that fit the parameters of the location. Fourthly, and finally, the formation and location of an outflow drainage channel and a breach. All of which, offer lessons and similarities to the Cwm Ivy Habitat Creation Scheme.  

Located in Bridgewater Bay along the coastline of northern Somerset, the Steart Peninsula is also marked by the confluence of the Bristol Channel and the River Parrett, as seen in Fig.  below. Preceding the commissioning of the scheme, the Steart peninsula was typified by its 600ha of predominantly low land elevation that was reclaimed from the sea in the past for agricultural purposes, this was achieved through the creation of embankments, a parallel to the landward marshland at Cwm Ivy marsh.

Fig. 8. Map illustrating the Steart Peninsula, the MR site, and newly created habitat mosaic (Scott et al., 2015). 





















Two key documents served as the reasoning for the suitability of the Steart Peninsula as an appropriate setting for novel intertidal habitat within the Severn Estuary; the Stolford to Steart Sea Defences Pre-Feasibility Report (Environment Agency, 1998) and the Shoreline Management Plan (Halcrow, 2010). In close proximity to the site is the village of Steart and most notably, Hinkley nuclear power station, a strategically key power station and the infrastructure that connects to it via a small road and extremely significant and hazardous power cables. Yet, the area is a key location for both nature and society, with historical and archaeological importance (Scott et al., 2015). The area is situated in the confines of the Severn Estuary SSSI, SPA, SAC and Ramsar Site; key designations which must be respected and protected. As such, the Steart Peninsula, like Cwm Ivy, is home to various safeguarded species, their habitats and breeding grounds. 

Preceding the commencement of the MR processes, the prevailing coastal defences demonstrated signs of disrepair. Upon the completion of the scheme, the area now exhibits three distinct habitat mosaics including wetlands, intertidal saltmarsh and mudflats, which each provide their own ecosystem services. The consultation and development processes of the Steart Marshes lasted between 1998 and 2014, a vital accomplishment came in the form of gaining and maintaining the approval and confidence of the local population. The Environment Agency worked synergistically with the local public and their designated spokesmen in addition to a number of other organisations tied to the area. In 2002, the concept for the revamped Steart Peninsula (Babtie Brown & Root, 2002) was prepared, this document laid the foundation for consultation with the local public and sowed the assurance the Environment Agency’s obligation to facilitating the concept. By 2011, a Master Plan for the Steart Peninsula was issued by the Environment Agency and the Bristol Port Company. This plan matured the initial concepts in order to formulate a final, clear visual concept for the final results of the MR scheme at the Steart Peninsula. As a result, aiding in the elimination of distrust and insecurities among the local populace and local authorities (Environment Agency; The Bristol Port Company, 2011). Fig. 9 below illustrates the visualised outcome of the MR and habitat creation scheme on the Steart Peninsula. All in all, the cooperative Master Plan aided those involved with undertaking the scheme to sustain their efforts and guarantee operational interaction between the Environment Agency, the local populace and local stakeholders. 
Fig. 9. The conceptual visual diagram illustrating the prospective sustainable concept for the Steart Peninsula (Environment Agency; The Bristol Port Company, 2011).

















Since the scheme’s inauguration, the Environment Agency acknowledged an opening for continual site monitoring and managing, as such a combined team was designated with the Wildfowl & Wetlands Trust (WWT) in order to dispense a collective vision for the scheme (Environment Agency, 2011). In order to uphold positive community and stakeholder relations during the extent of the scheme, extensive engagement was mandated (Scott et al., 2015). Consequently, a cooperative stakeholder group was formed; the Steart Environmental Advisory Group (SEAG). Following this, a vast array of concerned bodies and peoples were summoned to the SEAG to remark on the scheme’s progression. Succeeding this, public consultation processes permitted options to be recognised. By involving the local Steart community in the scheme it paved the way for robust and transparent dealings, and as such permitted apprehensions and disagreements to be flipped on their head; evolving into acceptance and encouragement, through this process those involved with the undertaking the scheme could identify and cultivate the most fitting propositions (Scott et al., 2015). Initial consultations ensured the resident stakeholders remained cognisant and facilitated their feelings of engagement and proprietorship of moulding the setting at the Steart MR site. Following this, the resident population were able to decide the name of the new landscape themselves; the Steart Marshes. Furthermore, in 2011 the aforementioned procedures culminated in zero planning application objections and no opposition to the alteration of the public rights of way. All in all, establishing a firm foundation to the apparent requirement for community and stakeholder engagement and organisational collaboration throughout the duration of MR schemes. 

[bookmark: _Toc132237016]B.3 Brancaster West Marshes
Prior to Brancaster West Marshes’ MR scheme commencing, forecasts into potential sea level rises by 2100 indicated an increase of 88cm (Church et al., 2001). Consequently, there exists great trepidation concerning the latency of prospective management on East Anglian coastlines; an area persistently susceptible to North Sea storm surges (Thlimerer et al., 2000). In order to combat this, the MR scheme was instated. The MR scheme’s announcement elicited significant apprehension and discussion between the local inhabitants (Clayton, 1993; French, 2001; Myatt et al., 2003). Yet, the synergistic aim was to mutually defend the Norfolk coastline and compensate habitat forfeitures elsewhere in the local area, therefore achieving the requests of the EU Habitat Directive (CEC, 1992). 
The Brancaster West Marshes are situated on the northern Norfolk coast to the north west of Brancaster village. With regard to marshland extents, the MR sites at Brancaster West Marshes and Cwm Ivy draw parallels, the west marshes cover circa 40ha of predominantly freshwater marsh used for livestock grazing, which formed the SSSI and SPA designated areas within a wider SAC (Tyrrell and Dixon, 2000). Flanked to the east and the west the marsh was protected by historically erected sea wall embankments. The northern flank offered protection by an engineered (degraded gabion revetments) and armoured sand dune network, whilst the land elevation to the south increases. As seen in Fig. 10 below, the saltmarshes situated to the east and the west of the marshes are unprotected and unmanaged, which leaves them susceptible to coastal flooding whereas the previous SPA freshwater marsh was enclosed within sea walls and armoured sand dunes (Tyrrell and Dixon, 2000), this enclosed area was selected as the MR site. The new fortifications consisted of realigning the embankments 300m inland from their previous position, chronologically reverting the pre-existing freshwater marshland to saltwater marshland (Tyrrell and Dixon, 2000). 
Fig. 10. Brancaster West Marshes MR site (Tyrrell and Dixon, 2000).

















Upon its announcement, the scheme garnered significant attention due to the disruption of a location designated by the EU Birds Directive. There were, additional worries, firstly, the possible interference with a nearby designated bird reserve. Secondly, the golf club to the east of the site had privately possessed defences and further proposals to build private coastal defences at the practice ground location’s boundary. Consequently, the follow-up consultation procedures became convoluted, owing to the site’s numerous conflicts of interest and local stakeholder’s concerns. 




[bookmark: _Toc132237017]Appendix C – NT Interview transcript/notes

· Offer the right to refuse answering questions
· If you’d like I can offer a release agreement to fully respect your privacy 
· Briefly summarise the research project, the methodology and its anticipated outcomes
· Thank each interviewee for their time

Interview talking points:

· For each of the 5 scenarios, enquire about the anticipated changes to the following:

· Embankment/sea-wall erosion
· Rates of erosion
· Drainage channel morphologies
· Visual changes to the marsh and embankment
· Greenery (more/less?)
· Land use/cover
· Natural appearance

· For each of the 5 scenarios, enquire about the anticipated changes to the following:

· Changes in vegetation cover
· Flora 
· Fauna
· New species
· Creation of new habitats
· Mud quantities
· Water quality
· Saltmarsh erosion
· Saltmarsh expansion and/or maturation

· Dylan Morgan: Do you think that PM as a visual method would be beneficial to public consultation processes in coastal management, particularly saltmarsh MR?

· Alan Kearsley-Evans: “Saltmarsh isn’t pretty, it’s high-quality mud and a billion tiny invertebrates that feed the birds and so on. It would be difficult to sell, explain and demonstrate exactly what the site would look like, besides mud and dead things.”

· Alan Kearsley-Evans: “If the PM method could demonstrate striking fauna such as kingfishers, otters or ospreys then it would definitely help during the consultation periods, yet, the visualisations may appear honest/dishonest based on seasonality, migration patterns and habitat extents.” 




· Dylan Morgan: Do you think PM would be an effective method for consultation purposes?

· Alan Kearsley-Evans: “It would likely prove to be a quick and effective method of demonstrating updates/removals/replacements of hard-engineered coastal defences such as groynes, gabions and rock-armouring. However, marshland and its patchwork of complex features may prove difficult to represent with Photoshop tools. Also, the matter of ‘upskilling’ coastal professionals to include PM proficiency would be a major hurdle.”

· Mark Hipkin: “Fluvial modelling of drainage channels would be highly beneficial and offer more insight to widths, lengths and shapes of drainage channels for each scenario.”


Interview 1 Notes: Mr Mark Hipkin

No Active Intervention

· Old/Existing drainage channels expected to expand/widen 
· Further collapse of earth-bank during spring tides
· Marsh side embankment undercutting
· Difference in colour between sea-ward and marshland sides

Widen the Breach (20m and 100m)

· Scenarios for both 20m and 100m widened breaches
· “Simply a wider gap of 20m or 100m” (Hipkin, 2021. Pers. comm)
· “Anything to do with further breaching shouldn’t affect the saltmarsh” (Hipkin, 2021. Pers. comm)

Create Multiple Breaches

· Located at old/existing drainage channel locations
· Pools of water in the shadow of each breach
· “Similar outcomes to Widen the Breach scenarios but at a smaller scale” (Hipkin, 2021. Pers. comm)

Undertake Small Scale Works in the Marsh

· In due time this scenario would accelerate existing embankment failures
· A series of smaller mini-breaches than Create Multiple Breaches scenario




Interview 2 Notes: Mr Alan Kearsley Evans

No Active Intervention

· “All other scenarios lead to No Active Intervention. The embankment will collapse at some point in the future.” (Kearsley-Evans, 2021. Pers. comm)
· Only difference would be tidal drainage
· Changes expected more so to the embankment rather than the established and now maturing saltmarsh 

Widen the Breach (20m and 100m)

· Further erosion to the embankment is likely
· “No matter the width of the breach, much change isn’t likely” (Kearsley-Evans, 2021. Pers. comm)
· Saltmarsh maturation
· Further breaches shouldn’t affect the saltmarsh

Create Multiple Breaches

· 10-15m wide breaches situated at old/existing drainage channel locations

Undertake Small Scale Works in the Marsh

· Excavation of paleochannels breaching embankment to their current width 
· Paleochannels are currently excavating themselves i.e. No Active Intervention























[bookmark: _Toc132237018]Appendix D – Interview with Anonymous Coastal Expert 


· Offer the right to refuse answering questions
· If you’d like I can offer a release agreement to fully respect your privacy 
· Briefly summarise the research project, the methodology and its anticipated outcomes
· Thank interviewee for their time

Views on the PM method by the Coastal Expert are concluded below:

· Dylan Morgan: Would you employ the PM method for scenario-based consultation?

Anon. Coastal Expert: “Yes and No. Yes, because it seems to provide a relatively quick and easy-to understand model that could be less time consuming to formulate than GIS. I’d say it would be quite suitable as a facilitatory tool alongside a GIS model. However, I do have my concerns about this as visual method, it would require additional training or a PM skilled third-party to create the visual under the supervision of a coastal consultant. Despite some of its complexities, GIS is tried-and-tested. Whilst it also conveys data and predictions of channel morphologies more representatively. Plus, its widely taught to young professionals.” 

· Dylan Morgan: Do you think PM would be an effective method for consultation purposes?

Anon. Coastal Expert: “Habitat creation would be particularly difficult to convey using PM, particularly in marshlands. But I can see the benefits of PM to early consultation processes as facilitatory imagery but not viable for comprehensive, stand-alone coastal scenario visualisations.” 

Anon. Coastal Expert: “It would likely prove to be a quick and effective method of demonstrating the removal/replacement/updating of other coastal defences, for example; groynes, gabions, rock armouring and the such. But marshland and its patchwork of seemingly random features may prove difficult to represent accurately. Additionally, the matter of coastal professionals up-skilling to include Photo-Manipulation proficiency may prove off-putting.” 

· Dylan Morgan: In your practice, have you noticed trends by gender in response to openness to MR schemes?

Anon. Coastal Expert: “I couldn’t possibly comment, this is not a focal subject area of my job role.” 
 





[bookmark: _Toc132237019]Appendix E - PM Imagery
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[image: ]Create Multiple Breaches10-15m wide breaches at existing drainage channel locations 




Undertake Small Scale Works in the Marsh6 smaller breaches (than Create Multiple Breaches) located at paleochannels and excavated to their current width

















































[bookmark: _Toc132237020]Appendix F – Questionnaire

MSc Questionnaire Research

My name is Dylan Morgan, I was born and raised in North Gower. Currently I am a Master's student at UWTSD (University of Wales Trinity Saint David) studying Environmental Conservation & Management. 

My dissertation research aims to trial a new method of involving the local residents in the coastal decision-making process, Photo-Manipulation. For each of the options/scenarios outlined by Natural Resources Wales in their Cwm Ivy Habitat Creation Plan, I have created imagery to represent what each option/scenario may look like at Cwm Ivy Marsh if they were to be implemented.

*Required

1. What is your gender? *

Mark only one.

Male
Female
Prefer not to say

2. How old are you? *

Mark only one.

Under 18
18-24
25-34
35-44
45-54
55-64
65 & over

3. Where do you live? *

Mark only one.
Cheriton
Cwm Ivy
Landimore
Llanmadoc


4. No Active Intervention - Please rate this scenario*
[image: Captionless Image]
Mark only one.
Highly Unfavourable
1
2
3
4
5
6
7
8
9
10
Highly Favourable










5. Widen the Breach (20m) - Please rate this scenario*
[image: Captionless Image]

Mark only one.
Highly Unfavourable
1
2
3
4
5
6
7
8
9
10
Highly Favourable
































6. Widen the Breach (100m) - Please rate this scenario*
[image: Captionless Image]

Mark only one.
Highly Unfavourable
1
2
3
4
5
6
7
8
9
10
Highly Favourable































7. Create Multiple Breaches - Please rate this scenario*
[image: Captionless Image]

Mark only one.
Highly Unfavourable
1
2
3
4
5
6
7
8
9
10
Highly Favourable








8. Undertake Small Scale Works in the Marsh - Please rate this scenario*
[image: Captionless Image]

Mark only one.
Highly Unfavourable
1
2
3
4
5
6
7
8
9
10
Highly Favourable







9. Please briefly explain the reasoning for your most & least favoured scenarios at Cwm Ivy sea wall breach*





10. How would you rate this method of public consultation/engagement for coastal decision making? *

Mark only one.
Very Unsuitable
1
2
3
4
5
6
7
8
9
10
Very Suitable


11. If any, what improvements to this method would you suggest? 





Thank You for Participating
















[bookmark: _Toc132237021]Appendix G – Questionnaire Spreadsheet Raw Data 



		What is your gender? 1=M, 2=F
	How old are you? 
	Where do you live?
	No Active Intervention - Please rate this scenario
	Widen The Breach (20m) - Please rate this scenario
	Widen The Breach (100m) - Please rate this scenario
	Create Multiple Breaches - Please rate this scenario
	Undertake Small Scale Works in the Marsh - Please rate this scenario
	Please briefly explain the reasoning for your most & least favoured scenarios at Cwm Ivy sea wall breach
	How would you rate this method of public consultation/engagement for coastal decision making?
	If any, what improvements to this method would you suggest? 

	1
	25-34
	Llanmadoc
	5
	5
	5
	5
	5
	
	5
	

	2
	45-54
	Cheriton
	7
	1
	1
	7
	5
	I do not understand what the small scale works would involve so find it difficult to comment. I approve of the current environment (Increased marshland) but think multiple breaches would be better than one growing one.  Also think that bridge crossings would be beneficial to all. 
	10
	Be clearer as to the meaning of small scale works. 

	1
	18-24
	Llanmadoc
	1
	1
	1
	1
	1
	.
	1
	Repair the wall

	2
	65 & over
	Llanmadoc
	1
	1
	1
	1
	6
	Look at the trees.These used to soak up some of the water.They are now dead
	10
	Fill the breach.Think of the dams in Holland

	2
	55-64
	Cwm Ivy
	1
	1
	1
	7
	3
	The breach cannot be reversed, but the reestablishment of the path is imperative, multiple small breaches would make that more possible
	6
	Your objective is not clear - when the respondents are asked whether a scenario is favourable it needs to be clear favourable to whom - nature, biodiversity, walkers, the NT, etc.

Also “some minor works” - what works, achieving what?

As an opportunity to engage it is commendable, but you need to be careful that you only get one perspective by using Facebook pages. Local residents feel strongly about the path, others may have different agendas

	2
	55-64
	Llanmadoc
	1
	5
	5
	1
	5
	The options don't seem to provide an opportunity to comment on reinstatement of the footpath across the wall once the flow has been stabalised. This is the priority for many of us. Requiring a timescale, detailed options and then supported by a consultation of this kind.
Information, explanation of both the objectives and well as options, then the ability to provide feedback
	8
	A bit more detail in each of the options - what is the objective, purpose, possible timescale, pros and cons, ability to contribute to reinstatement of the footpath 

	2
	65 & over
	Llanmadoc
	1
	8
	9
	1
	5
	Having tried to restore access for the nearly 8 years since the breach first occurred we (at the local Save Our Seawall action group) have not given up this fight with NRW. At a series of meetings we had actually agreed a compromise whereby the breach would be extended to about 60 metres, then a low level crossing ( over concrete ‘pipes’) would have been laid on top, ramped down at each end. This would mean that access would be possible at all times other than at the highest tides ( which always happen early in the morning / later in the evening ). This compromise, agreed by all parties involved, was subsequently reneged on by NRW who refused to let the plan be carried out. 
The option of multiple breaches would further destroy the remaining wall and make access even more difficult.
	10
	If it involves all parties concerned and some kind of straw poll of visitors’ opinions could be added, and if it effectively contributes to the argument to restore access, I’m all for it!

	1
	45-54
	Landimore
	3
	3
	4
	3
	3
	I personally think that the wall should be reinstated. This would help tourism and wildlife for this particular area.
	6
	I think a more detailed senario of projects. As in a before work and after work pictures. Also the pros and cons for each senario.

	2
	35-44
	Llanmadoc
	1
	1
	1
	1
	10
	I personally think that an outstanding area of meadow land was lost and the opportunity to restore a unique environment over 100+ years in the making was thrown away. If this was privately owned by an individual I’m sure the powers that be would have forced them to repair it quickly. 
	3
	Remedial repair work should have been undertaken straight away even if just a temporary repair. 

	1
	65 & over
	Landimore
	2
	1
	1
	1
	1
	The sea wall should be restored 
	5
	Not everyone has internet

	1
	65 & over
	Llanmadoc
	1
	1
	1
	1
	1
	I would particularly like to walk this route as I have done for the last forty years and to have it reinstated as part of the Wales Coastal Path, after all it is a public footpath, a very important one!
	1
	A scenario that’s reverts the coastal path to its original route and use.

	2
	65 & over
	Llanmadoc
	10
	1
	1
	1
	5
	We still could have a bridge while allowing the marsh to develop
	5
	

	2
	65 & over
	Llanmadoc
	1
	1
	1
	1
	6
	We never wanted the destruction of our unique fresh water marsh or the loss of our sea wall
	3
	I don't understand what small scale works means.  We all want at the minimum the sea wall path reinstated.  The best walk in the Gower if not Wales has been destroyed. 

	2
	65 & over
	Landimore
	1
	1
	1
	1
	1
	X
	10
	My family have used the embankment for generations and should continue to be able to do so. 

	2
	55-64
	Llanmadoc
	1
	1
	1
	1
	9
	I don't understand the pros and cons involved with widening the breach, or making more breaches,  however would like to see small scale works, ie a way for walkers to cross the breach.
	8
	I like the idea of an online survey that enables people to put their point of view across, but perhaps more information/ public meeting first, to explain the thinking behind the options before he polling method, so people can make a more informed decision. 

	2
	45-54
	Cheriton
	1
	1
	1
	1
	1
	None of these are favourable. None of them restore access of the coastal footpath or are sympathetic to the 500 year old sea wall which is an important part of our local cultural heritage. In public consolations the NT representative was condescending and rude. He upset some of the local residents, His attitude, as a middle aged white man in a position of power was unacceptable. I personally feel that the NT will pursue its own agenda regardless. They are protected by their ecological high ground, hold local opinion in distain and will cover their back with tokenism rather than meaningful consolation, or collaboration. This was highlighted by recent coverage in the Guardian where they applauded themselves for creating a new salt marsh on this site to offset the loss of a salt marsh elsewhere. More recently  their recent plans to fell the pine woods which will start in November with something like 80 hectares being removed and a line of trees preserved to 'keep the aesthetic' treats the pine woods as something be looked at on a postcard, not phenologically experienced and understood.They have no empathy for how the people who live in the area and interaction with it on a daily basis and have a close personal connection with our local landscapes and their slow,  natural and delicate cycles of ecological change. My opinion of NRW and the NT, institutions I once held in high regard has been completely undermined by their actions in cwm ivy and cheriton. 
	1
	A massive injection of empathy. Less arrogance. more respect. More open mindedness and compromise. Preserve where it is needed and leave stuff alone, stop unnecessary interventions. Less fences, leave areas more naturalised.  

	1
	55-64
	Llanmadoc
	5
	5
	5
	5
	5
	I am not aware what the impact would be for any of these scenarios therefore cannot really comment. 
	6
	Restoring the footpath would be my preferred action but I understand the practical and cost implications. 

	2
	65 & over
	Landimore
	2
	1
	1
	1
	6
	I would prefer the breach to be addressed such that the sea wall can return to being a pathway that can be used. I would be keen for it to be bridged rather than it to be widened or increased with multiple breaches.
















	7
	I think the survey approach is great and should be used fully.    However for me an initial focus group to discuss the issue and options would be more helpful. In that way the options being presented would be based on the views of the community, as opposed to options that are less favoured. 

	2
	55-64
	Landimore
	1
	1
	1
	7
	6
	I  am very disappointed that the NT have allowed the sea wall to be breached. We are supposed to be able to walk around Wales but clearly not! The walk from Llanmadoc via the sea wall to Whitford is a beautiful walk with the most amazing views and scenery. The wall has been there for hundreds of years. I think the NT are negligent for allowing this to happen 
	8
	NT should be firmly encourage to repair the breached wall. 

	1
	55-64
	Landimore
	2
	2
	2
	2
	9
	I would prefer to retain the sea wall as it has been in n recent centuries
	10
	None come to mind

	2
	65 & over
	Landimore
	2
	1
	1
	1
	1
	Walkers should be able to walk round so none of the scenarios are ideal 
	5
	

	1
	65 & over
	Landimore
	1
	1
	1
	1
	1
	Reinstate the wall as it was, to allow the coastal path passage.
	4
	Reliant on access to internet, and knowing to look! 

	2
	55-64
	Landimore
	6
	6
	6
	3
	9
	Better to leave it to nature
	10
	

	2
	55-64
	Landimore
	1
	1
	1
	1
	1
	All unfavourable. They need to rebuild the wall! 
	5
	Unsure if this works.just rebuild the wall or a bridge! 

	2
	45-54
	Landimore
	1
	1
	1
	1
	1
	Such a pity it’s not rebuilt. My children are missing out! 
	1
	Is there engagement? 

	1
	45-54
	Landimore
	1
	1
	1
	1
	1
	Footbridge. Wall. How are the National trust getting away with this. It’s a disaster. 
	1
	National trust need to stand by their words and rebuild the wall 

	2
	55-64
	Landimore
	1
	1
	1
	1
	1
	I can’t believe that the wall hasn’t been built. I remember walking along the wall with my children. It was a lovely circular walk. 
	2
	Are we being given a choice? 

	1
	65 & over
	Landimore
	1
	1
	1
	1
	1
	Such a pity. We loved walking over the sea wall when we moved here. National trust have got this wrong! 
	10
	An excellent idea showing these pictures. I  able to clear see what is proposed 

	2
	55-64
	Landimore
	1
	1
	1
	1
	1
	Don’t like any. Just need to rebuild the wall
	10
	Very clearly gives me an idea 

	2
	Under 18
	Landimore
	1
	1
	1
	1
	1
	Definitely need the wall or bridge rebuilt. It’s too muddy to cross even at low tide and a sunny day 
	10
	Pictures are clear 

	2
	55-64
	Llanmadoc
	1
	1
	1
	1
	1
	I have lived here for many years and this has massively increased traffic at the top end of the village. Need the wall or a bridge 
	10
	Very clear images 

	1
	65 & over
	Llanmadoc
	1
	1
	1
	1
	1
	Rebuild the wall. No brainer 
	1
	Very clever illustrations 

	1
	18-24
	Llanmadoc
	1
	7
	10
	10
	5
	Greater body’s of water allow for more bio diversity, as an avid fisherman and conservationist it’s pleases me see a wider scoped for ecological regeneration. The 50m and 20m extensions will allow the marsh to return to its form biodiverse prowess  
	10
	More tributaries with the same gross area of extension, this could allow for more diverse habitats to form.

	1
	18-24
	Landimore
	2
	1
	1
	5
	10
	want to be able to cross
	5
	

	1
	25-34
	Llanmadoc
	9
	8
	9
	6
	3
	It think widening the breach would more of a benefit to the local wildlife and bring it back tk a more natural state like it was before and also allowing to document how the landscape will turn back to its original state 
	7
	Making sure the public also get a say in how the coastal land is managed, especially locals as it will directly be affecting them 

	2
	55-64
	Llanmadoc
	1
	1
	1
	2
	2
	Would rather see the sea wall re-established
	7
	Include option to reinstate the sea wall 

	2
	65 & over
	Llanmadoc
	1
	1
	1
	1
	3
	The sea wall should be re instated 
	6
	Expand to see more of the marsh land especially behind the sea wall

	2
	65 & over
	Llanmadoc
	1
	1
	1
	1
	2
	They should rebuild the sea wall, don't understand undertake small scale works in the marsh 
	7
	More detail & background information about each scenario

	1
	18-24
	Llanmadoc
	4
	3
	5
	5
	3
	Local community should have a say in what happens
	8
	Provide a footbridge scenario

	1
	25-34
	Cwm Ivy
	3
	2
	1
	1
	4
	A bridge should be considered to maintain the footpath. Don't fully understand the undertake small scale works in the marsh scenario
	8
	Provide other scenarios like introducing a footbridge

	Mean
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	Standard Deviation
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What are we proposing to do?
We are now looking at a range of options to create new saltmarsh at Cwm Ivy. This involves consideration of economic,
environmental and technical aspects as well as talking to local residents and visitors o gain their views. We have
developed a ‘short list' of options that we think have the most potential to create the new saltmarsh. These are:

Create multiple breaches Undertake small-scale works in the marsh
We could create several breaches in the. There is evidence of a historic network of
‘embankment to further improve how the tide saltmarsh creeks across the marsh. This option
flows into and out of the marsh will consider whether excavation of these ‘paleo-
channels’ would improve how seawater flows
across the site

Public access and recreation

We recognise the importance of public access around Cwm Ivy Marsh and we want to ensure that people are able to
view and enjoy the habitat changes taking place at the site. Whilst the projectis focused on delivering the best possible
outcome for the new saltmarsh we are also considering ways to enable continued public access to Cwm vy
embankment.

We believe that there are enormous difficulties in maintaining the embankment as a public footpath. Without significant
investment, the embankment will continue to degrade in the future. It is likely that the existing breach will continue to
grow naturally and sections of the embankment wil fail, possibly opening up multple breaches. With the effects of
climate change, we expect that high tides will wash over the embankment, further undermining its integry.

We do not have the funding to undertake the significant engineering works needed to maintain the embankment to a
safe standard so that it can continue to support the footpath in the long term. Doing such works would be contrary to
National Trust and Welsh Govement policies for managing the coastline in this area. However, we are considering
possible options to restore the footpath across the embankment in the short term.

We are also looking at ways to improve the other footpaths around Cwm Ivy. We are considering options to improve
the condition of the footpath through Cwm Ivy Wood, as well as an option for re-routing the footpath at the rear of the
Cwm Ivy Marsh to avoid the steep incline on the current route. This is in addition to options to develop new recreation
and education activities at the marsh, such as wildlife watching and wildife trals.

We need to find a permanent solution for the Wales Coast Path route, which is currently diverted along the western
‘and southem boundaries of the marsh. The Wales Coast Path is a nationally important resource. The project is working
with the Wales Coast Path team at Natural Resources Wales to find a permanent solution.

What happens next?

We aim to have the preferred option decided by September 2015, after which time and subject to funding, we wil
move into a detailed design phase that will include applying for planning permission and any other consents required
to deliver the project. If any construction works are needed, then we hope to get this underway by late summer 2016
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