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Purpose andtatus of this Report
This report aims to provide Resilience and Adaptation Options to organisations with responsibility for coastal erosio

and flood risk management, including Argyll & Bute Council (ABC), Scottish Environmental Protection Agency (SEl
NatureScot and local partners.

Structure of Report
The report has been structured to be practitioner focused. It leads with an executive summary and proposed Resilien

and Adaptation Options, followed by contextual information and methods within a teahsummarywhichincludes
key results The report isdesignedto be viewed alongsidghe National Overview andnline resourcesat

www.DynamicCoast.com

Acknowledgements
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Executive Summary

1. The coastal beach and sand dune ridges of Central Tiree provide natural erosion and flood prote
to the lowlying interior land behind the coastal dunes.

2. Despite past landward retreat of Mean High Water Springs (MHWS) in the lafgesttoA NB S Q &
there has been a recent reduction in the rate of retreat between 28062018. The lower shorefaces
have seen the greatest loss of sediment with the upper shorefaces less so, indeed the frontal dur
ridges have increased in sedimentwole over the last 12 years to offset earlier loss.

3. As aresult, the vegetation edges of the dunes have accreted seaward by a small amount but ren
highly dynamic with occasional storm overwash and wilmv of beach sediment inland.

4. Nevertheless, the dumridges behind all th€entral Tiredeaches remain narrow, with potential floog
corridors at low points and where inland streams transit onto the beaches from low interior groun
Any future erosion of the dune ridge poses a risk of flooding and wawtopypeng that will enhance
existing road infrastructure damage.

5. Modelling of coastal change driven by future sea level rise varies along and between beaches bu
2050, up to 30m of recession is anticipated at Balephetrish Bay, up to 30m at HynistdBayta
72m at Gott Bay with faster recession to 2100 and this will impact on the roads that run along or |
behind the dune crest.

6. In most cases rising ground levels inland limit the risk of flooding except in the area south of
Balphetrish Bay and nttr of the east part of Hynish Bay where the present day High Probability 1:
flood event (3.05mOD) produces a flood corridor connecting thelYyang ground between both bays
with only a narrow dune cordon in the north and south: adding the extra sea éxpected by 2050
produces a High Probability 1:10yr flood event (3.36mOD) further narrowing the dune cordon anc
enhancing erosion of the seaward face with the potential for breaching.

7. There is a need to devel@Dynamic Adaptive Policy Pathway for t€aTiree to enable existing
assets, such as roads, to be relocated if or when their present location become exposed to
erosion/flood risks. Space on land needs to be identified and safeguarded now to keep open futuj
options,avoid future risks, and reddS G KS ySSR F2NJ 42YS GSNR&aAz2
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Introduction
Thisreport sets out Resilience and Adaptation Options for central Tiree (Argyll & Bute). Its scope covers the coast

environment of centrakast Tiree, encompassing Hynish Bay irctirdral south (Balemartine to Baugh), Balephetrish
Bay in the central north, and Gott Bay in the scatst (ferry port to southern Ruaig). §kaim isto support key
partners in their planning for anticipated increase in the threat of coastal erosiorn@odirig. The Executive Summary
and Technical Annex below are not intended to be precise predictions of a certain future, rather they are scenaric
based on a realistic and precautionary interpretation of available evidence. As such the details withthreitdag
interpreted as management decisions in themselves, but supplementary evidence on which government agencie

organisationsand landowners may choose to deliver against statutory requirements.

The NationaCoastalContext
The 2017 Dynamic Coast 0P LJdzof AAKSR | NBOASSG 2F KAaG2NARAOX NB

erodible coastDynamicCoast.cojnlt showed that the period since the 1970s has seen a 22% fall in the extent of

{ O2 Gt longFatrEeting $eawards, a 39% increase in the extent of shores eroding landwards, and a doubling of tl
average erosion rate to 1 m/yr. This coastal response is consistent with climate change and is expected to quicken

sea levels continue to rise.

The latest research (Dynamic Cod3hase2) incorporates new tidal surveys and shows that erosion is currently
affecting more shores than was the case in 2017 and anticipates that by 2100 accretion will be rare and erosion w
dominate much of the softoast. These projections are based on the high emissions sea level rise scenario an
FYGAOALI GS 2@0SNJ mko 2F {O20fFyRQa az2¥id O2l ad dhef f
increased threat of coastal erosion also increases 8ieai coastal flooding, so that planning ahead for coastal change,

both inland and at the shoreline, is both pragmatic and necessary

Local coastal context andtecipatedcoastalchangesn Central Tiree

Thesandbeads2 ¥ ¢ANBSQa I NBSaid ol &a ol &yAakKmEwardrer&ildkMesa NR A
High Water Springd\[HWS between 1975 and 200&ut with a reduction of retreat rates between 2006 and 2018.
The largest amount of recessigenerallyoccursacross the centre of each bay, with the mean &6 recession
rate being 0.8 m/yr and 0.8 m/yr from 2006;2018.

Recent topographic change analysis shows sediment légses/e dominated the lower shoreface of each bay with
~261,000 m? of sediment being lost over the last 12 yearith smaller losses across the upper foreshore of each bay
totalling close to 100,00 m®. However, more recently over the last 12 yedng, front dune ridge of each bay system
has shown accretion totalling143,000 m? that appears to bea combination ofgain from windblown sediment
transport andvegetation edgerogression seaward henatural supply of shell santb the beachedrom the highly
productiveseas around Tire@art of their designation as a Marine Protected Alie&, as well as waveast kelpjs

an important fador in coastal resiliencalbet poorly quantified


http://www.dynamiccoast.com/
https://sitelink.nature.scot/site/10474
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Vegetation edges have fluctuated betweenosion and accretion over the last century, with an overall trend of
accretion in the last decade and a mean seawaoyementrate of >0.1m/yr. Occasional windblow or overwash of
sand inland (e.g. ontoads)during stormsshows the potential for dune systems to expdaddward.

Whilst most of the dune cordon provide good level of flood protection to the lelying interior, thecordonsare
narrow, with potential flood corridos where inland streamsransitthe dunes and oto the beachesAn Fhaodhajlat
Hynish is the largest of thesand exits onto Traigh Bhagh via an underground arflapped conduit and channel.
Only partially protected by the dune crest addfencesalong the road behind the duneny further erosiorof the

dune ridgeposes a risk of flooding and wave overtoppihgt will enhance existingpad infrastructure damage

Future Resilience and Adaptation Planning

/' The emerging consensusrldwideis that adaptingo climate

As climate change guickens erosion and

. \ . han ner will greatly r ietal risks an i
increases flood risk, our attention needs changesoone greatly reduce societal risks and castthe

to shift from short-term engineering long run.Recent research on climate change adaptatbrthe

ch“'“_a‘r'at the coast edge, to d:"’"am'c coastshows that landward retreat of assets is likely to be regliire
adaptational land-managementinland, to

enhance social and economicresilience. to manage longerm risks from sea level rise, regardless

\ _/ of anycoastal risk management options taken now. Where the
need for coastal adaptation is increasingly urgent (globally and loagallygtransformative solutions are
needed.Whilst the generic aspects of these concepts are explored within the National Overview, the
followingtext exploresmanagemenbptionsin Central Tireewithin an international context of best practiceTo aid
users of this report in adopting this approach to adaptatibgnamic Coasthasidentified actions that can be
takennow, that will provideboth physicaland policy windowgo make space foadaptationhave a longerm impact

(SeeNational Overvieweport). For example, in Scotland the emergiyde Marine Planning Poligrovides

an exampleof best practice at the coast to support transformative forafsadaptationwhere possiblePractical
implementationmechanismsare also required along with strategic plans and policies, soatiaptationmeasures
such as realigningey infrastructuresuch as roadand utilitiesare ready to be rolled out and implementachen
erosion happens. This slgferosion management from reactive to proactive amptimises the longterm societal

resilience to coastal climate changgth the least social and economic costs.

DynamicCoast provides the evidence base to assess current and future coastal erosion risks for local government
make riskinformed decisions and policy instrumenthegenericcoastal risk management and adaptation options

can be accessed in tidational Oveview Report (www.DynamicCoast.com/reponts but their

applicationin the context ofcentralTireeislistedin Tablel below. Thesée along a spectrum frordoing nothingor
non-active intervention; accanmodate erosion by adapting development plans and relocating existing

assetsgerosionresisteither usingtraditional engineering structuresor nature-basedsolutions,such as beach

10
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feeding;andbyadvancing the coasteawardsperhaps using artificial afhore structure®r largescale beach feeding

(e.g. mega nourishment schemdsee National OvervieReportfor context).

Tablel applies these to Tiree along with suggested short and long term management options that aim to increas
resilience and address any anticipated risk. These management and adaptation options require a robust appraisal
allow organisations to help identifgcceptable, efficient and effective measures that can be taken forward and
actioned. Adaptation considerations are explored within the technical appendix below, however, it remains the
responsibility of coastal landowners and Local Authorities to addiesses of coastal erosion and flooding.
Tablel outlinesthe past erosion ratesbservedin Central Tireandidentifies both areas at greatest risk and
management and adaptation optionall risk management and adaptation responses require robust agbreos

allow organisationgo better managecoastal erosion riskndimprove societal and ecosystem resilience.

( \ Coastal erosion, flooding and erositalated flooding are considered as the
Roads are the asset with the

o : key risks impacting Central Tiree now and in the future. Landowners and Local
greatest risk in Central Tiree.

Any further erosion of the Authorities(LA) have responsibility for, and powers to address, coastal
defences odune ridge poses

a risk offlooding and wave
overtopping that will Management (Scotland) Act 2009 and the Climate Change (Scotland) Act 2010,

enhance existing road

erosion and flooding. LA also have shared powers under the Flood Risk

including a statutory duty to report on climate chge adaptation progress.
infrastructure damage. g yauy P g P prog
K / Guidance on planning for coastal change can be found here (SNH, 2019).

Consistent with a Shoreline Management Plan approtcbe bays of Central Tiree aeach classed asrmanagement

unit area (Figure2, Tablel) to identify coastal erosion risk and management approaches to improve resilience of
natural and societal assets in the shtgtm, and adaptation options to improve lorigrm resilience of Tiree to the
same risksEachmanagement option in Tiree will have fdifing impacts on sediment dynamics, beach function and
the natural capital that beacdune systems provide. Importantly, these responses to managing coastal erosion risks
involve both the management of activities on land as well as at the coastal egggeh@s small settlements connected

by essentiagland at riskroad infrastructureand utilities as well as rural areagith scattered housesTheislandhas

been subject to past erosion (0.81 m/yr), where recent 280&8 erosion has reduced (0.58 m/yr) andome areas,
there has beerrecent accretionnotably the dune front ridgeslang with modest vegetation edge accretion <0.1
m/year. This means that tlse natural beacldune systems currently have reasonably good natural capital functioning
and this is providing some partiask alleviatiorbenefits to society. However, dune cordons are narrow and there is
a risk of erosiofinduced flooding if these géteached or overtopped, such as via storms, which would further damage

and limit functioning of key transport infrastructure across the Island.

11
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(‘ '\ It is important to note that many of the adaptation options presented in
This requires sategic Table 1 and associated text requigtrategic planning decisins to be
developmentplanning decisions
to be takennow, to provide
physical and policy space to erosion by adaptatiorto be possible. For example, if planning permission is
accommodate future erosiory
adaptationto minimisesocietal

takennow, to provide physical and policy space to accommodate future

granted now for assets or infrastructure on land that may be at erosion risk

impact and cost in the future, the opportunity for future landward adaptation to occur is
K -) constrained, becomes more expensive, or batAndbased strategic plans
that account for future risks are needed when planning today (eagal Development Plans), to create and safeguard
WAYR2g4a 2F 2LIRNIdzyAdeqQ (G2 F002YY2RIGS SNEP A kcheeptsd &
acknowedged within the NPF4 (Consultation documents) BationalLand Use Strategy (Consultatidacuments.
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Figure2 Management unit areas for Resilience and Adaptation Options. Labelling relates to options it Table

Resilience and Adaptation Options at central Tiree
Table loutlines the management options along the coast which are recommended to be considered alongside

dynamic adaptational landse planning aspects inland.
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Tablell Risk managemenResilience and Adaptation Options Taree grouped by managementurdrea> LJ- 4G FyR FydAOA LI G§SR OKIy3Sa | f 2 viadmdpivSsawBufline 2 i KAy 3IQ AYLIE AOLIGA2yad { K2NI | yR
Shore Coastal o nothing
Management Unit Area | Character and ) L Futurei 6 Short termbé ri sk managemen|FutureidLong termd adaptation options to in
changes implications
Assets
Non-Active Intervention: In addition to continued deployment of short term options:
1. Monitor changes and allow erosion to occur (where no Non-Active Intervention:
assets at risk): This results in changes to natural sections of 1. Monitor change/no intervention: Squeeze of natural sections of amenity beach:
amenity beach: monitor change/no intervention. Cost: zero; monitor change/no intervention and effects of erosion and/or erosion-induced
Sand bays Low Water . Risk: moderate. flooding on society.
framed by rock | 1898i 2018: ZOFGS(TOfte |0tW6ftlng Accommodate Erosion: Accommodate Erosion:
modest retreal
. EZSEL?S;, 351070 mloss (2100 MHWS -30 m) | 1. Develop Dynamic Adaptive Policy Pathway, to enable existing 1. Develop Dynamic Adaptive Policy Pathway, to enable existing assets to be

Area 1. Hynish Bay narrow dune Hioh Water Loss/reworking of assets to be adaptated/relocated, if or when their present adaptated/relocated, if or when their present location become exposed to

(Baugh to Balemartine) ridge. _g—1898'|' 1975- existing dunes where location become exposed to erosion/flooding risks. Choice of erosion/flooding risks. Choice of timing is dependant on locally defined trigger
B8065 road, 5 to 40 m gain present, exposure of timing is dependant on locally defined trigger points, space on points, space on land needs to be safeguarded now to maintain future options.
Crossapol machair/fields where land needs to be now safeguarded to maintain future options. 2. Reposition vulnerable assets (2050 onwar_ds): Some re_ahgnment_ of strategic
housing and 1975i 2018: absent. Erosion Resist: assets (e.g. roads, water, power cables, §ept|c) wou_ld avoid future rl_sks ang reduce
farmland, Tiree | 20 to 65 m loss 1. Install defences (Oi 20 yrs): Expand direct hard defences the need for some fierosion resisto opt
Airport runways, Assets at risk: constructed at above MHWS. Cost: high; Risk: high. 3. Reposition vulnerable assets (2070 onwards): Non-strategic assets (farmland,
The Island Volume 3 x100 m of B8065 2. Feed beach (0i 10 yrs): Short-term local feed to beach and car parks) C_°“|d be relocated to lower or risk free sites.

Centre, An 2006i 2018: may be at risk. dune profile to improve natural resilience of the beach. Cost: Erosion Resist: .
Fhaodhail and 85200 m3 Erosion at burn may moderate: Risk: moderate. 1. Combined enhanced defer_lces an'd beach feed (2050). .Dlrect defences
Allt ab Vegetation Edge | exacerbate inland 3. Reprofile beach (07 5 yrs): Short-term local reprofiling of upper construc_ted_and set.back, with fronting bgach nourlsh.ed. with sand and gravel to
drainage 2009i 2019: flooding. beach profile to improve natural resilience of beach at key both mgmtam amenity and reduce wave impact on existing defence structures
channels 1to 10 m gain points. Cost: low; Risk: moderate. remain in place.
2. Enhance defences (2050): enhance/expand defences to resist increasing erosion
and erosion-related flood risks.
Advance:
3. Mega-nourishment (2050) of the entire bay. Cost: high; Risk: high.
Non-Active Intervention: In addition to continued deployment of short term options:
1. Monitor changes and allow erosion to occur (where no Non-Active Intervention:
assets at risk at eastern third of bay): This results in changes | 1. Squeeze of natural sections of amenity beach: monitor change/no intervention and
to natural sections of amenity beach: monitor change/no effects of erosion and/or erosion-induced flooding on society.
Low Water intervention. Cost: zero; Risk: moderate. Accommodate Erosion:
i;gb?é 2018: Foreshore lowering Accommodate Erosion: 2. Develop Dynamic Ad_aptive Policy Pathway, to (_enable existing assets to be
& moderate retreat 2. Develop Dynamic Adaptive Policy Pathway, to enable existing adaptated/relocated, if or when their present location become exposed to
Narrow sand High Water (2050 MHWS -30 assets to be adaptated/relocated, if or when their present erosion/flooding risks. Choice of timing is dependant on locally defined trigger

Area 2. Balephetrish bay framed by 1898i 1975: 2100 MHWS -60 m) location become exposed to erosion/flooding risks. Choice of points, space on land needs to be safeguarded now to maintain future options.

Bay rock headland, | o "2 gain Dune ridge expected timing is dependant on locally defined trigger points, space on 3. Reposition roadways and relocate assets (2050): Some realignment of strategic
bﬁ.Ckel‘d by to be lost & fields land needs to be now safeguarded to maintain future options. assets (e.g. roads, water, power cables, septic) would avoid future risks and reduce
f]a:r?gvsggges 19757 2018: inland 3. Managed Realignment (0i 20 yrs): Phased re-location of at risk the need for some ferosion resisto opt
BS06S road. 5to 35 m loss assets to sustainable locations. Cost: moderate; Risk: moderate. | 4. Managed Realignment (2040 onwards): Phased re-location of at risk assets to
Balephetri h Assets at risk: Erosion Resist: susta_mable, |_nland locations. Cost: moderate; Risk: moderate.

phetrs Volume SSets at nisk: " . 5. Erosion Resist:
and Kenovay 5006( 2018: 1 house by 2050, 2 4. |Install defences (01 20 yrs): Install/expand direct hard defences 6. Feed beach (2040):
farmland and 89,300 m? by 2070 & 4 by constructed at ahove MHWS. May need to be considered for 7. Combined enhanced defences and beach feed (2050): Direct defences
housing, wind 2080. road & buildings. Cost: high; Risk: high. constructed and set back, with fronting beach nourished with sand and gravel to
turbines Vegetation Edge | 900 m of B8068 may | ©- Feed beach (0i 10 yrs): Short-term local feed to beach and both maintain amenity and reduce wave impact on existing defence structures
5009 2019: be at risk dune profile to improve natural resilience of the beach. Cost: remain in place.
3mlossto 8 m modera_te; Risk: mo_(_jerate. - . 8. Enhance defences (2050): expand defences to resist increasing erosion and
. 6. Reprofile beach (0i 5 yrs (where road & buildings are in : :
gain e ) erosion-related flood risks.
close proximity, western half of bay): Short-term local
reprofiling to upper beach profile to improve natural resilience of Advance:
beach at key points. Cost: low; Risk: moderate. 9. Mega-nourishment (2050) of the entire bay. Cost: high; Risk: high.
10. Nearshore breakwater (2050): to reduce storm wave impacts to beach & dune.
Cost: high; Risk: moderate.
Shore Coastal o nothing

Management Unit Area | Character and ; L Futurei 6 Short termd ri sk managemen|FutureidLong termdé adaptation options to in

changes implications

Assets

14
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Area 3. Gott Bay
(Ruaig to ferry port)

Broad sand bay
backed by low
dunes and
machair.
B8069 road,
Kirkapol an
Ruaig farmland
and housing,
Tiree Lodge
Hotel, Sruthan
Chircepol and
nan Clachan
Dubha

Low Water
1898i 2018:
0 to 85 m loss

High Water
1898i 1975:

stable

19751 2018:
5to 45 m loss

Volume
200671 2018:
72,600 m3

Vegetation Edge

20097 2019:
stable

Moderate retreat

(2050 MHWS i 30 m
2100 MHWS 170 m)
Dune ridge expected
to be lost / reworked.

Assets at risk:
Over-wash already
occurring on B8069,
further loss
expected: of 180 m
on B8068 & 800 m
on B8069 by 2030

1 house at risk, flood
risk along streams.

Non-Active Intervention:

1. Monitor changes and allow erosion to occur (where no
assets at risk, eastern third of bay): Monitor changes and
allow erosion to occur. This results in changes to natural
sections of amenity beach: monitor change/no intervention.
Cost: zero; Risk: moderate.

Accommodate Erosion:

1. Managed Realignment (for 800 m section of B8069) (0i 10
yrs): Phased re-location of at-risk assets (road) to sustainable
inland location. Cost: moderate; Risk: moderate.

Erosion Resist:

1. Reprofile beach (where road & buildings are in close
proximity, western half of bay) (07 5 yrs): Short-term local
reprofiling to upper beach profile to improve natural resilience of
beach at key points. Cost: low; Risk: moderate.

2. Feed beach (0i 10 yrs): Short-term local feed to beach and
dune profile to improve natural resilience of the beach. Cost:
moderate; Risk: moderate.

3. Install defences (07 20 yrs): Expand direct hard defences
constructed at above MHWS. May need to be considered for
road & buildings. Cost: high; Risk: high.

In addition to continued deployment of short term options:
Non-Active Intervention:

1. Monitor change/no intervention: Squeeze of natural sections of amenity beach:
monitor change/no intervention and effects of erosion and/or erosion-induced
flooding on society.

Accommodate Erosion:

2. Reposition roadways and relocate assets (2050): Some realignment of strategic
assets (e.g. roads, water, power cables, septic) would avoid future risks and reduce
the need for some fierosion resisto opt

3. Feed beach (2050): local repair to beach and dune profile to improve natural
resilience of the beach. Cost: moderate; Risk: moderate.

4. Managed Realignment (2030 onwards): Phased re-location of at-risk assets (road)
to sustainable inland location. Cost: med; Risk: moderate {preferred option for 800
m section of B8069}

Erosion Resist:

5. Combined enhanced defences and beach feed (2050):

6. Enhance defences (2050): expand defences to resist increasing erosion and
erosion-related flood risks.

Advance:

7. Mega-nourishment (2050) of the entire bay. Cost: high; Risk: high.
8. Nearshore breakwater (2050): to reduce storm wave impacts to beach & dune.
Cost: high; Risk: moderate.
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( \ This sectionbriefly summariseshe key points from Tabld above to
The greatest societal resilience | provide a synopsis of key points by management option and &reaion
and lowest costs for Central Tiree
will occur when coastal risk
management decisions are made | climate change pressures increase in all three Management Unit Areas
alongside adapting larkbased
policies now to accommodate

is expected toexpand and quicken over the coming decades as coastal

(hereafterAreas. If Non-Active Intervention(NAI) is the preferred policy
future erosion. option at Central Tiree, then beach and/or dune cordoms&n or
K ) lowering will continue to occur, in both the short and letegm. In Central

Tiree,only Areas 2 and 3aveoptionsto Advancethe current coastal position usingrosion resistoptions (i.e.
offshore traditional engineering structures) suchna@srshorebreakwaters. Use of a largeealenature-based erosion
resistoption, such as a mega nourishment programme, may enable the current fskaehposition to be advanced
seaward and/or maintaineth Areas 2 and 3and provide an expensive, engineered nathesed solution to erosion
those bays. All other recommendedrosion resist measuregnature-based and traditional engineering) would be
applied to specific areas of the bay as detailed in Tablenportantly in all areas where any NAI, advance or any type
of erosion resistmeasures are implemented in the short and longgmm, it is recommended that lanbdased policies
are adapted now tcaccommodate erosiorby restricting future new development of permanemfrastructure,
housing or industry in areas forecast to be eroded or affected by erésduced flooding by 2100. This malapace
forbeachRdzy S &deaidSya (G2 NBaALRYyR ylidaNIffeé |yR REYINKDOT
by minmising the amount of permanent development in areas at risk. It also sléowl-based policies the agreed
thatcanW?Yl 1 S F 002 YY 2 Rfutirdlghgivard feloc@tiSniof kéyAnktastructure such as roads and utilities
(e.g. water or energy supply network3p do this now safeguasthe land required to improve future resilience of
key infrastructure assets that connezimmunities in Central Tireendallows government and utility provider® be
ready toimplementadaptation plans whefuture erosiondamages key infrastructurén inland areas at risk of erosion
by 2100, shorerm economic benefits can potentially occur through innovative planning measucbsas permitted

temporary development, forourismassets that are demountable and/or can be rolled inland

The risk and management options are broadly similar acfseas 1, 2 and 3In all areas,and-based adaptation
mechanismsare recommended to accommodate erosion by facilitating landward retreat of natural beach
systems and assets on lIgndlongside shorto longerterm erosion resist measureg.he urgencyfor developing
adaptationplans and implementatiomeasures to accomadate erosion and realign kegfrastructure (e.groad)
networksvaries, withArea 3 the most urgent ife. an 800m section of the B80&§ 2030), followed byrea?2 (i.e.
900m of the B8068 bg040)andArea 1(realignllm sections of the 865by 2050).Fortunately, the rurahature of
the island meanghere isspace on land to accommodate realignment of key asseth as critical road infrastructure
especially irArea 2 In Areas 1 and 3the local airport lies inland of at risk areas. This will require greater hewki
and multisectorl discussions about how best to develop adaptation plmscritical linear infrastructure whilst

maintaining the airport infrastructuréroactive plas, effective community engagemeand finance mechanisnase
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requiredto enable landward realignment @l types ofassetsat riskbefore erosion and erosiecimduced flooding
require costly repairs and/oisolate communitiesfrom critical supply chains (i.e. food, water, utilitieghis
infrastructure provides critical lifelines for the rural population of Tire®w housesare at risk of ersionand this
resultsin the Tireecommunity emeringasonly slighty vulnerable within thesVCanalysisHowever the risks to key
lifeline infrastructureon the islandhreaten tofurther increase the social vulnerability of3h A & pobwatbQ ds a

whole, to erosion and erosionelated flood impacts
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Technical Summary

Methods

Identificationof Flood Protection Features
High resolution Digital Elevation Models (DEMs) were automatically analysed to identify the extent of the coaste

barriers protecting lowlying areas of flood risk. Regular shox@mal profiles were extracted at 10 m intervals along
the DEM and analysea tidentify the width of barrier and volumes of sediment above key flood elevations. These
Ftf268R LRGSYGAIE ONBIOK LRAY(Ga G2 0685 ARSYGAFASR I f
profiles were then extended along the low poiraé potential flood corridors to enable detailed topography to be

compared with anticipated flood levels.

AnticipatedShoreline Recession due to Relative Sea LeveMRigiied Brunn Rule
Relative sea level rise is expected to exacerbate rates of eradicoastal barriers, with knoain effects for any

extant flood risks identified. Past rates of coastal erosion in the face of known rates of relative sea level change we
used to modify and train an equilibrium model (the Bruun Rule) for shorelinegehprediction (Dean and Houston,
2016). Shoreline change was then modelled to 2100 under low to high Representative Concentration Pathway (RC(

scenarios within UKCP18, encompassing predicted changes in relative sea level.

Modelling Past and Future Erosi@oSMSCOAST
We adapted the Coastal O#iee Assimilated Simulation Tool (CoSMOSAST, Vitousek et al., 2017) to simulate

coastal evolution under the climate change scenarios presented by UK Climate Projections 2018 (UKCP18). The m
uses a procesbased approach to simulate shoreline change via wanrreen alongshore and croshiore sediment
transport processes, as well as letegm shoreline migration driven by relative sea level rise (RSLR). The model is
forced using local records of relative seadbechange and wave hindcast data, as well as Ensemble Kalman Filtering
which assimilates the modelled shoreline to historic positions of Mean High Water Springs ovef trenfiily. The
forecast model was validated with recent shoreline position obderaa derived from highiesolution topographic
surveys, satellite imagery and aerial photography. Shoreline change was then modelled to 2100 under low to hic
Representative Concentration Pathway (RCP) scenarios within UKCP18, encompassing factorargioibased

changes in sea level rise and wave action

VegetationEdge Analysis
The vegetation edge is a clearly identifiable feature within remotely sensed imagery, high resolution DEMs and v

ground survey. Its position can be extracted manually or sartomatically allowing timdapse comparisons from
data from different timeperiods. Multiple sets of aerial imagery over the last few decades have been compared with

comparable resolution ground survey to produce tisezies vegetation edge retreat positis.

Updatingthe Extent of the Intertidal: CoastRay
Dynamic Coast developed a tool (CoafRay) to analyse the back catalogue of Sentinel 2 satellite imagery, using a

Normalised Difference Water Index, to demarcate areas which are always wateralsea)s noawater (land) and
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areas which are intermittently water and land (the intertidal zone). This water occurrence index is converted into e
percentage figure, but the number of images used in the analysis and the median NDWI value are also availab
Results show that CoastRay can be used to inform potential changes to the extent and geometry of the foreshore

and the low and highwater marks.

MappingCoastal ErosioBisadvantage

An assessment was additionally carried out to quantify @uastal Erosion Disadvantage g@cial vulnerability of

{ 020Gt yRQ&a 02 YYdzy ) iisin Bynainiz Coag éragsiindata f@MNIhe recany past (1970s) through
to 2050. Mapping of soci@dzf Y SN} o Af A& Ay NBtlFGA2y (G2 O2Fadlt SN
from 2011 and the latest data from the Scottish Index of Multiple Deprivation (2016 & 2020). Building upon previou:
considerations of social vulnerability related ¢oastal erosion and flooding, th&ocial Vulnerability Classification
Indexis a derivative of that developed by Fitton (2015). It includes existing academic and policy literature concernin
coastal erosion and flooding vulnerability and identifies kediciators of social vulnerability to coastal erosion and
Ft22RAy3Id LG 48814 ltaz2 (42 SEGSYR {9t! Q& o6nHnmm0O SIN

et al (2018) flood risk vulnerability assessment, whichsdmt consider coastaerosion.
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Results
The following section provides the research results on coastal change (erosion/accretion), flood risk and coast

erosion enhanced floodinfpr Central TireeFinal sections consider options, caveats and how adaptation planning

might be implemented.

CoastaChange
Summary

1. ¢KS &alyR 06SIFOK &aSOlAz2ya 2F ¢ANBSQa fI NBSad ol ea
retreat between 1975 and 2006, bthieseretreat ratesreducedbetween 2006 and 2018. The largest amount
of recession is generally seen across the enf each bay, with the mean 195006 recession rate being
0.81 m/yr and 0.8 m/yr from 2006;2018.

2. Recent topographic change analysis shows sediment losses have dominated the lower shoreface of each &
with ~261,000 m*® of sediment being lost over thadt 12 years, and smaller losses across the upper foreshore
of each bay. However, more recently over the last 12 years, the vegetation edges and first dune ridge of eac
bay system has showsteadyaccretion totalling ~13,000 m¥; this gainappears to begorimarily from wind
blown sediment transport.

3. Vegetation edges have fluctuated between erosion and accretion over the last century, with an overall trenc
of accretion in the last decade and a mean seaward change ra@®fm/yr.

4. Whilst most of thedune cordon provide a good level of flood protection to the lelying interior, it is
essentially narrow with some potential flood corridarscurringwhere inland streams exit through the dunes
and onto the beach. The largest of these, the An Fhaodseils onto Traigh Bhagh on Hynish Bay via an
underground urflapped culvert and open channel. Only partially protected by the dune crest and defences
along the road behind the dune, this poses a present risk of flooding, wave overtopping and erosion damag

to the road infrastructure that will increase with future sea level rise and attendant erosion of the dune ridge.

The first phase of Dynamic Coasmmarisedhe coastal changes to thtaree central bays covered in this repgsee
pages 26;34 of Cell 5 reporf between1893, 1975and 2006. From 19¢2006,all three baysvere subject to erosion
Gott Bayexperiened up to 25 m of MHWS recession in the cenared a lesser 10 m in the eastern and western
corners, while Balephetrish Bagw26 m of recession in theast and west corners and a lesSen across the centre
in the same periodThe beaches at Hynish Bayaigh Shorobaidh and Traigh Bhaghwd0 mand 173 mof MHWS

recessiorrespectively over the same thredecade period.

The second phase of research, outlined below, benefits from Ordnance Su#éerjal survey undertaken in
September2018, and updated by uitiple vegetation edge surveyé/hilst these are discussed in turn below, various

interactive tools are available withimww.DynamicCoast.coffior the user/reader to interrogate the results.
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Existing Topograplof CentralTiree
The topography of Central Tiree is strikingly low and flat and represents what is essansiligs ofow-lying rocky

islets connectedby wide beaches of shell sand backed by either machair grassland or boggy pé&staneB). Higher
ground occurs at Coalasy(EnOD in the east, Bein Ghott T3nOD in the centre and Ben Hynish (lthOD and Beinn
Hoigh (119n0OD in the weswith lower groundbetween. Lying between Bein Ghott in the central east and the higher
ground running NS along the B8068 in the west, The Reaflowlying central isthmus bounded in the north by the
sand and gravel beach of Balephetrish and in the south by Hynish Bay. The beach at Balephetrish reéachaedel2
at low tide,backed by a sharp single dune ridge that read@smODat eitherend of the bay butonly4 mODin the
centre. The B8068 runs along the top of the beach dune itilgenODnN the west of the baput the landof The Reef
is3 mODin the centrewith somelower sectionsand al.4 kn wideareain the north at &out 4 mOD In the south at
Hynish BayTraigh Bhagh beach is@&wide, backed by & mODhighand 40m widedunesin the centre of the bay.
In the eastat the exit of the An Fhaodhail streathe dune ridge is only mODbefore falling inland to less thah
mODandthe marshy interior of The Reef. At Gott Bay in the east, the sandy beadd¢@2P8nwide and backed by
a flat dune cordon that reache®3nwide but is only3¢4 mODfor much of its length, before merging gradually inland
to 4¢5 mOD Some areas of theuthes remain aB mODfor 100 minlandin the centre of the bay. The B8069 runs

parallel and along th8 mODcrest of the dune ridge in the west and centre wheris less tharB mfrom the coastal

vegetationedge.
Tiree Topography & Bathymetry 7.5 mCD Dyna mic Coast
; e Vg [ -—-—*
Balephetrish Bay f ¢ 5mCD 7 .
- S A9 B/
Legend 9 X
)' -2.5mCD ¥ :
——— MHWS (20180912) ( / g i
Tiree (2018) DTM ,’ / 0 125 250 500
i & | etres

moD ¥ Y OS aerial survey (Sep 2018) flown

9 or above N e for the Dynamic Coast project.

7 % &4 Crown Copyright (&DB rights)
8to9 e 2020 OS 100017908,
| 7t08 : 22 _

6to7 N . — .—~"»’ Balephetrish Bay

Sto6 8 mOD J o s I:l \:]

4to5 aril /SR ol

3to4 7 mOD X ‘ taw Y Gott Bay

2t03 6 mOD 23
: 1t02 Hynish Bay

below 1

Gott Bay

Hynish Bay N

0 330660 1,320 B\
— — |\ etre ¢ 0 250 500

Metres|
1,000
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Figure3 Topography, BathymetfmCD) and key flood levels (mOD) across central Tiree (from 2018 OS aerial imagery derived DSM and
MarineThemes bathymetry)Note the different scale in each image.

The nearshore bathymetigr all three beachesshallow and chaacterised bysandy beds antbw onshore gradients.
None are deeper than 3.mCD depth at distance offshore, and with th& \1CD isobath about km offshore at Gott

and Balephetrish and 067km at Hynish, these low gradiendse associated witlmainly dssipative wave conditions

that serve to retain sediment locally. Contained within rocky headlands, the beaches of Central Tiree are relative
sheltered andsedimentrich and are likely to readily reconfigure the sandy bedattenuate wave conditiongnore

than would otherwise be expected on more exposed open coast beaches.

NaturalCoastal Flood Proteéch Featuresn CentralTiree
Automated terrain analysisvas carried out ol Sy & NI £ ¢ A NB $y@tamaticalyF identify ddtudalifbod G 2

protection features (i.e. dunes and cliffs) shownHFigure4. These features include the extent of ridge features
(identified from topographic high points), potential flood corridors (identified from topographic low poithis),
presence of cliff features and the extent and volume of continlyoelevated ground (i.e. barriers) at locatispecific
flood levelsForCentral Tiree, th@rotection function of the dune cordorean best be summarised by the dune width
at4mOD, this being the elevation of likely future flood levels combined with wave heightexgridred in the flooding
section of this reportThe dune cadon characteristics ifrigure4 can becompared with the elevation changes in
Figurel0to highlight sections o$tabilisation and growth alonthe centre of Balephetrish Bags well as potential
flood corridors if the narrow widtlef dune was further compromised by erosion, Busacrossparts of Gott Bay and
Hynish Bay. The irregularity loérrier location across Gott Bay also reflects tlwerall low elevation of the foreshore

and lack of defined ridges protecting the backdune.
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Figure4 Flood protection featureim Central Tiree, showing the extent of the barrier toe (grey box) and a selection of transects within narrow
sections of the dunes. Barrier width at 4 mOD is annotated alongside transect number

Changesgo High and_owWater in Centraliree
Figureb shows the planimetric chandge MLWS between 1893 and 2018 as derived from the sentinel satellite analysis

of Coast XRay. In generalhte period 1893 to 1975 saw landward movement of MLWS with u®tm 6f landward
shift at Hynish, I mat Balephetrish and up to0rmat Gott in the eastbut 28 m of seaward shifin the west. The
period 1975 to 2018 saw a slowing of change with no cham@&. WS position at Hynish and Gott in the east of the
bay but ® mof erosion at the western side of Gott. From this, it seems thie sectiors of Gott Bay act as a self
contained unit vith sediment transfers occurring between sectioBalephetrish orthe other hand continued to

erode with 2 mrecession to 2018.
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Tiree Low Water Changes
Balephetrish Bay
Legend

—==— 2018 MLWS (OS)
MLWS
Survey Year

- - 1893

-~ 1975

Balephetrish Bay

v a

Gott Bay 0 125 250 500
Metres
- OS aerial survey (Sep 2018) flown
Hynish Bay for the Dynamic Coast project.

Crown Copyright (&DB rights)
2020 OS 100017908

Coast X-Ray Low Water
(2016-2018)

1893 t01975 = 70m erosion
1975 to 2018 = no change

1893 t01975 = 60m erosion
1975 to 2018 = no change

Hynish Bay q

0 250 500 1,000
— e \letres

Figure5 Changes to each lower beaglsomparison of various MLWS survaysl Low water (80% water occurrence) from CoastyX

Figure 6 shows the changes to thpper beaches of Central Tiree as depicted by the positions of MHWS. In general,
189%¢1975 was characterised by accretion and seaward shift of MHWS on all beaches, whereas the period since 1€
has seen erosion and landward shift on most beaches. The txgep on the western beach of Gott where modest
accretion has occurred, again suggesting that Gott actssafeontained unitwhere losses at one end are manifest

as gains at the other enand viceverse at other timesln general Figures 5 and 6 deomstrate the period 1893/5
1975to show MLWS erosion and MHWS accretion #ng a steepening foreshore, whereas the period 12038
shows erasion (or no change Hynish) in MLWS and erosion in MHWS and a continuation of foreshore steepening.
Note that the exception again is western Gott Bay where MLWS erosion over recent decades is partnered by MHW

accretion, albeit with a net result of steepening
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Tiree High Water Changes

Dynamic Coast

Legend

1895 t01975 = 43m accretion
1975 to 2006 = 30m erosion
2006 to 2018 = 4m erosion

----- 2018 MHWS (0S)
1898 MHWS

——— 1975 MHWS
1895 t01975 = 30m accretion
1975 to 2006 = 23m erosion

2006 to 2018 = 6m erosion

——=— 2006 MHWS (SNH LiDAR)

Balephetrish Bay

v -

Balephetrish Bay

Gott Bay 0 125 250 500
e Vletres
- OS aerial survey (Sep 2018) flown
Hynish Bay for the Dynamic Coast project.

Crown Copyright (&DB rights)
2020 OS 100017908,

1895 t01975 = 15m accretion
1975 to 2006 = 50m erosion
2006 to 2018 = 7m erosion

1895 t01975 = 2m accretion
1975 to 2006 = 31m erosion
2006 to 2018 = 8m erosion

1895 t01975 = 35m accretion
1975 to 2006 = 18m erosion
2006 to 2018 = 4m erosion

1895 t01975 = 19m accretion
1975 to 2006 = 15m erosion
2006 to 2018 = 5Sm erosion

1895 t01975 = 10m accretion
1975 to 2006 = 3m erosion
2006 to 2018 = 6m erosion

1895 t01975 = 16m accretion
1975 to 2006 = 14m accretion

2006 to 2018 = 5m accretion
1895 to1975 = 15m accretion Hynish Bay ||
1975 to 2006 = 12m erosion 0 250 500 1,000 fe 1 Metres|
_ ; i > N
2006 to 2018 = 8m erosion ———— Mctres 2 0 250 500 1,000

Figure6 Changes to each upper beagchomparison of MHWS surveys dated 1895,51@JS map series), 2006 (SNH aerial lidar survey) and
2018 (OS aerial imagery DSM)
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Intertidal Changes in Central Tiree
Figure 7 demonstrates the net effect of changes in the positions of MLWS and MHWS as expressed in the verti

changes across the beaehas derived from DSMs. These show recent losse$q2008) experienced on the lower
beaches. The western bay at Hynish has suffered vertical losses across most of the beach as has the western pal
Balephetrish. On the other hand, most of the uppeable and dune areas have gained in height between the two
dates. Together with changes in vegetation edge and heights in Figure 8 and 9, these changes in heights of beach a

form the basis fobverallvolumetric changes to the beach systems includingchesnd dune (Figure 10).

Tiree Coastal Elevation Changes

Dynamic Coast
szammmmseec

0.7 m loss

Balephetrish Bay
0 125 250 500

tres
Legend

- = 2018 MHWS (0S)
= = 2006 MHWS (SNH)

Elevation Change (2006 to 2018)
m

I >= 2.0 m accretion
[ 1.0t0 2.0 m accretion
["] 0.5t0 1.0 m accretion

[ ] 0.25 to 0.5 m accretion
[ ] -0.25-0.25 m stable
[ ] -0.5t0-0.25 m erosion
[1 -1.0t0-0.5 m erosion
[ -2.0to-1.0 m erosion
I <= -2.0 m erosion

OS aerial survey (Sep 2018) flown
for the Dynamic Coast project.
Crown Copyright (&DB rights)
2020 OS 100017908
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Balephetrish Bay

v a

Gott Bay

Hynish Bay

0.3 mloss

Hynish Bay
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— — \lctres
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— Netres

Figure7 Changes to the foreshoreomparison of the difference in beach elevation from 2006 (SNH aerial lidar survey) to 2018 (OS DSM from
aerial imagery)
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Dune Vegetation Edge Changes in Central Tiree
Figures 8 and 9 demonstrate the change in vegetation eftgatifferent survey methods and with a range of survey

years from 189&8019. There is an overall trend of recovery from the 2009 vegetation edge onwardshewitiajority
of edges showing greater than10m/yr accretion rate seaward. The distribution a€creting vegetation edgeis
supported by the trends of elevation change, as most dune ridges show an increase in elelaieraccreting
vegetation edge®ccur, suggesting dune ridges in these sections gnaving seawardoward pre-200 locations.
Equally, the trends of vegetation edge stability and erosion in pockets across east and west Balephetrish and centr

Gott are matched by much weaker accretion of elevation and a loss of elevation across the foreshore/dune face.

Dynamlc Coggt

Legend

Vegetation Edges
year

— 2019

Balephetrish Bay

0 125 250 500
—— e |\ctres

Rl OS aerial survey (Sep 2018) flown

% for the Dynamic Coast project.
Crown Copyright (&DB rights)
2020 OS 100017908

Elevation Change (2006 to 2018)
m

I >= 2.0 m accretion

1.0 to 2.0 m accretion
[ ] 0.5to 1.0 m accretion
[ ] 0.25t0 0.5 m accretion
[ ]-0.25t00.25 m stable

[ ]-0.5t0-0.25 m erosion
[7] -1.0t0-0.5 m erosion
[ -2.0to-1.0 m erosion
I <= -2.0 m erosion

Hynish Bay

Gott Bay

0 250 500 1000
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Figure8 Detailed vegetation edge changes across central Tiree bays companngligiised(1898, 1975)aerial imagedigitised (2009, 2011,
2016) and groungurveyed (2019) edges. Elevation change from 2006 to 2018 is also shown inset for context
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Figure9 Recent vegetation edge change across central Tiree bays from 2009 (aerial image digitisation) to 2019 (ground survey)
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Volumetric Changes across Central Tiree

The elevation changes depicted in Figure 7 allow annual voluwratenge rates to be calculated for the perR@D6

and 2018 on the beaches of Central Ti(Egyure10 Comparison of rates of volume change across each geomorphic

section outlined in whe, from 2006(SNH Lidarjo 2018 (OS aerial D§Mgurel0 and Table2). These clearly show

the dunes gaining in volumavith someprogressing seaward, except where the beach volloss hagesulted in

narrowing of the dune ridge, as at Balephetrislest and HynishVest. Balanced againgite gain of the dunes in all

beachesthe lower foreshore of all beaches show a loss in volume over this recent time period and a steepening trenc

However,sincemost of the losses and gains are of a similar magnititdeay bethat sedimentsare notwholly lost

from the bay systems themselves, with the notable exceptiomdntic-facing Balephetrish where losses vastly

outweigh gains.

Dynamic Coast

1><

Tiree Coastal Volume Changes
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for the Dynamic Coast project.
Crown Copyright (&DB rights)
2020 OS 100017908

Legend

- = MHWS (2018-09-12)
Elevation Change (2006 to 2018)
m
[ >= 2.0 m accretion
[ 1.0to 2.0 m accretion
|71 0.5t0 1.0 m accretion
[ ] 0.25t0 0.5 m accretion

-0.25 - 0.25 m stable Sl S
;! -0.5to -0.25 m erosion ¢ vt
[ ] -1.0t0-0.5 m erosion
[ -2.0to -1.0 m erosion
I <= -2.0 m erosion

1,600 m3/yr loss

,
5,300 m3/yr loss / 7 /4’ Balephetrish Bay

m3/yr gain

2

,"l- k 2,000 m3/yr loss
(gl 3000 mhyrloss 0 250500 1000 '
; s \letres

N = 43
Hynish Bay N
- e

Figurel0 Comparison of rates of volume change across each geomorphic section outlinectjriramit2006 SNH Lidarfp 2018 (OS aerial
DSV

Table2 Summarised volume changes from 2@86!IH Lidarfp 2018(0OS aerial DSMicross the three management units

Lower beach Lower beach Upper beach Upper beach | Duneridge | Duneridge
Management change change rate change change rate change change rate
Unit (m3) (m3lyr) (m3) (m3fyr) (m3) (m3lyr)
1 (Hynish) -83,500 -7,000 -53,300 -4,400 51,600 4,300
2 (Balephetrish) -69,600 -5,800 -27,600 -2,300 7,900 700
3 (Gott) -108,500 -9,000 -17,800 -1,500 53,700 4,500
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Total -261,600 21800 | 98700 | 8200 | 113200 | 9500 |

FutureShorelindrojections
Future projections are based on the Modified Bruun Rule (see methods above) which are projected forward based c

UKCP18Representative Concentration Pathway 8.5 (UKCP18 RCP8.5) using "Wte e3fimate, given the
precautionary principle. The coastal change incorporates shore face gradient and is calibrated with recent coast
change data (which reflects/assumes continued sediment supply from the immediatainding$. These anticipated
shordines are not intended to be reliable detailed predictions, but a precautionary future scenario to inform the

possible scale of change.

Figurell shows the anticipatedecadaffuture positions of MHWS up to the year 2100, estimated utiegnodified
Bruun Rule calculation for a future relative sea level rise & thdy 2100 (UKCP18 RCP8.3'&j. The amount of
landward retreat in each bagenerallyincreases with eactlecadal prediction, ranging fro@m to 72 m inland by
2050 across each bay aBf m to 156m inland by 2100. The greatest predicted retreatursin Gott Bay in the east
with an average retreat o115 m from the current MHW®osition by 2100, althoughnstability exists fathe two
channel outlets in the centre of the bayd retreat is concentrated to the eastern half of the bdgrd rock headlands

and artificially defended shores are excluded from these predictions
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Figurell Anticipated shoreline change usipdified BruurRule.

The retreatof MHWS on each bay mrmally accompaniedy the undercutting of vegetatioat the coastal edge
especiallywhere any dune/ machair vegetation is damagedhis vegetion edgeessentiallymarks thecommon
perception of erosion of the land and its assetiue tolandwardretreat of MHWS.However, here is a mean lateral
offset of 12 m between MHWS and the vegetation edge Ralephetrish and Hynish, and a 2%offset for Gott. his

is used to project the modified Bruun MHWS predictions intarqtovideinsighton the timing when the wvegetated
and dynamic beacis anticipated taarrive at the position oanylandward assetsuch as th®&806, B8068 and B8069
coastlroads. Overall, this adjustmerdnticipatesrecession to arrive at a given point inlaswbner tharthat predicted

by the modifed BrunnRule on its own A detailed view oflecadalvegetation edge prediction using this method can
be seenin Figurel2. The progress obeach and dunéandward movement and vegetation offsistcurtailed by the

preserce of rock and clitioward the extremitiesof each bay
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Figurel2 Anticipated shoreline change usiMpdified BruurRule for vegetation edge.

Figurel3 depicts the anticipated erosion and coastal evolutioT wEeusing a different model: the Coastal Olirge
Assimilated Simulation Toof CoOSMoSCOAS{Vitouseket al., 2017) CoSMoSCOASTS forced by the RCP8.5'%%
sea level change scenarios within UK Climate Projections 2018 (UKCP18) and modeisnishgreline migration

due to sea level risebut alsoincludes wavedriven along and crossshore sediment transponvhose accumulation
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has the potential tooffset at least some erosiarLike the Modified Bruun Rule, the model makes uséVbfwWS
observations from the first phase of Dynamic Cadastalibrating the past predictions of gteline positionto more
accurately predidhg future changes with SLURrough to 2100Under the highest future SLR pathwajl,three bays
showMHWS retreat by 2100, with the greatest amount of steady retreat seen in BalephBais83 m from 2018
2050 and a further 36 m from 206@100).The two southern bays show more complexityMHWS migrationThe
western end of Hynish Bay shows stefutyre MHWS retreat, while theastern endshowsaccretion of 26 m seaward
up to 2050 before retreating back to the 2018 position in 2h@@rethe exponential increase iBLRakes effect The
western end of Gott Bay shovesnsiderablefuture retreat (34 m from 20182050 and a further 38 m from 20§0
2100), whereas the centre and eat$tat are partly sheltered by offshore rockheads sHiithe to no erosionby 2050
but are anticipated to lose 37doy 2100 However, therregular time gaps of shoreknobservationsn Tiree(1890s to
1970s and 1970s thodern) serve to limit the ability oCoSMoSCOASTo tune itsmodelled erosion rates ancan
only partly capture the actual rates over the last dectt® are neede to project into the future.n Tirege the model
offers ahigher level of complexitgnd in places produces enhanced erosion (e.g. at Balephetrish and iGatther
places less than Bruufrigurel4), however, both modelsare inagreanent on the overall anticipated direction of

travel of coasdl change
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Figurel3 Anticipated shoreline change usi@giVioSCOASTodelling
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Figurel4 Comparison between anticipated shoreline change using CoS&ST modelling and Modified Bruun Rule

Social Vulnerability Classification Index
For detailed methods and reporting on the approach taken belowrehéer is directed to the Technical Annex Work

Stream 6cMapping Coastal Erosion Disadvantagenf.dynamiccoast.com/repor)sThe averag&ocial Vulnerability

Classification IndefSVOQlI for Tiree produces weighted indicators of socieconomic vulnerabilitghat rate most of
Tiree as slightly vulnerablgithin the SVCanalysigthe third highest category of vulnerability within ti8/Ql(Figure
15). Thelow density of housmigon Tiree combined withthe fact thatfew properties are lose to the coa means that

the potential riskto private housing as a resuf exposure tacoastalerosionrelated flooding events is limited

As is the case with many island communities, there is a need, in the context of considering the extent of vulnerabilit
on the island of Tiree to consider the magnitude of impact of a potential ceastalon event orthe key and/or
limited resources and infrastructuren the island. This involves consideration of, for example réisdience of key
transport nodes to provide essential supplies. Such an event could severely compromise the resilieticestha
communities appear to exhibiThe risks posed to rural roatetwork and transport infrastructure place this already
relatively isolated island community under the threat of increased isolatidthout effective adaptation strategies

being put inplace.Furthermore, the risk posed by coastal erosion related flooding events #ingeoutes may place
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communities during a coastal erosion relatémbding event.

Figurel5 SVCtlassifications per data zone with anticipated coastal change using the Modified Bruun Rule
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