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Purpose and Status of this Report

This is a live document to reflect @oing discussions between the Dynamic Coast team (DC), Highland Council (HC

and partners. Its purpose is to catl our evidence and ensure key linkages are made.

Structure of Report
This report has been structured to be practitioner focused. It leads with an executive summary and proposel
Resilience and Adaptation Options, followed by contextual information anithade within a technical summary,

which includeskey results. The report is expected to be viewed alongside online resatreesy.DynamicCoast.com

Acknowledgemerst
Bob Robertson and colleagues at Highland CouncilGolspie Golf Clyiiom DargigNick EverettNatureScot
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Executive Summary

1. The coastal sand dune ridgacross Golspie and Caubvidea natural erosion and flood protection role to th
interior land behind the dunedMore than 100 Galpieproperties lie within50 m of the current MHW.S5olspie
D2f ¥ /9 #4dmodBEholes and B8 and 7" tees have experienced ongoingxpensiveesoration and coastal
defense work as a result of coastal erosiamd flooding.

2. everal lowelevationcorridors throughdo 2 G K D2f aLJAS FyR [/ 2dz Q& RdzyS |
travel inland.The dune ridge along Coul Links sits higher than Golspie Links, but a potential breach poir
north of Embo which could be exacerbated by erosion at this channethmét Coul, short duneapped spits
protect low areas behind, but these remain open to tidal access from the rigitliist currently at medium risk
Fa asSlk tS@Sta O2yGAydzS (G2 NARAS GKBO Y dvénfobchrieta Ryr
eventby 2050 and a 10 yr event by 2080nchecked, present maximum coastal erosion rates may increase
sea level rise resulting in330 m retreat by 2100 across Golspie ar@ld~m across Coul.

3. Anaverage of 0.5 m/yr and up to 5 m/yr of erosialong the Vegetation Edge along Golspie and Coul Link
been recorded. Continued monitoring of the health of dune grasses along the Vegetation Edge of eacl
advised, particularly preand poststorm activity, as well as ensuriegistingland tlse management continues t
respect the vulnerabilitand value afforded bthe low-lying coast ecosystems.

4. Proactiveshort-term actions addressing coastal flood and erosion risk areas would allow time to develop de
proposals teaccommodate andhanageflood and erosion risk over longéime periods (i.e. developFlood and
Erosion Risk Management Scheme), ensure consistency with the Shoreline Management Plan (i.e. d
broader flood and erosion adaptation plan for Golspie &wall)and supportadaptive landmanagementfor
managingisks forall coastal asset®.g. housing, infrastructure, utilities, golf courses).

5. The preseny high and quickening rates of erosion @blspie and Couyillustrate the present and neduture
coastaland landmanagement issueincreasinglpeing grappledvith around the world The high rates of erosiol
mean that terrestrial landise planning must avoid additional development in areas of future risk and safe(
the accommodation space (i.e. the area where the begdtem is expected to move inland)aximising future
adaptation options for coastal community and planners, to maintain societal resilience as coastal climate
impacts intensify.

6. Considerable change is also anticipated within the-llpgwg areas othe Loch Fleet National Nature Resery
which are being/should be considered further by NatureScot. Whilst substantial changes may raise funde
guestions over site management (attempt to maintain existing designated features or anticipate futuigegt
the evidence base herein provides the foundations for dynamic nature conservation into the future, en

management is futuresmart, if not futureproof.
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Golspie and Coul Super Site Summary

Introduction

Thisreport sets outsomeResilience and Adaptation Options tbe Golspie coagHighland betweenGolspietown,
Littleferryat the River Fleet moutland Coul Links to the town of Em@de investigations concern the open coast and

do not include the Loch Fled&itlal basincoast.The aimis to support key partners in their planning for anticipated
increases in the threat of coastal erosion and flooding. The Executive Summary and T&eiminakbelow are not
intended to be precise predictions of a certain future, rather theysaenarios based on a realistic and precautionary
interpretation of available evidence. As suchytilshould not be interpreted as management decisions in themselves,
but supplementary evidence on whidhnganisationsand landowners may choos$e act on now and in the future. The
information here allows government agencies to improve coastal erosion risk framing within policy and practice
allowing more coastal erosion resilient decisions to be taken and deliver their statutory requiremesite8es may

use this report to identify risks and opportunities to improve business continuity.

National Coastal Context

¢KS HamT 58YyFYAO /2Fad LINR2SOG Lzt AaKSR || NBOASH
erodible coastPynamicCoast.cojnlt showed that the period since the 1970s has seen a 22% fall in the extent of
{O02Gf yRQa aK2NX&a | OONBlOGAYy3 aSlIéFNRAZ || odz AYyONBI &

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 Coast phase 2) incorporates new tidal surveys and shows that erosion g currer
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 soft coast. These projections are based on the high emissions sea level rise scenario a
anticipate over 1/3of &0 f  yYRQA &a2F0G O2Fad oAttt 0S SNRRAY3THed 3
increased threat of coastal erosion also increases the risk of coastal flooding, so that planning ahead for coastal chan

both inland and at the shoreline, is bothggmatic and necessary

Local Coast&ontext andAnticipated Changeat Golspie and Coul

Between 1904 and 197%Golspie Linkgenerally aw strongMHWSretreat and Coul Links experienced small pockets
of accretion and erosion. Little change wasorded from 197¢2009, except forsouth Golspie Links by the River Fleet
mouth which continued to erodelhe pattern of recession in the north and accretion in the south has continued to
2019.The largest amount @thangehasgenerallypbeenseeneither sde ofmouth of the Fleef with the mean recession

rate being2.1 m/yr from 1970¢2013and 7.3 myr from 2013¢2019.

Recent topographic change analysis shows sediment losses have dominated¢néreshoreand intertidal zone

with 100,000m?® of sediment los at Coul from2016;2019 and70,000m? loss at northern Golspiefrom 2013;2019
9
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However the north and southbanks of theLoch Fleet moutland adjacent spitshow accretiorto the east during
these same periodgptalling 139,000m? for the north side (Golspieand 30,000m? for the south side (Coul).
VegetationEdges at Coul have eroded by a maximum rate d@ th/yr and average rate d.4 m/yr, and eroded at
Golspie by a maximum rate 6fm/yr and average rate of m/yr at Golspie Vegetation Edge survey using recent
photography (2008§2016) was used as a supplement for recent shoreline chahigisidentified Vegetation Edge
erosion rates of up to 2.3 m/yr in places across central Coul and a generally erosional tiemdauth and centre

with accretion toward the southern mouth of Loch Fleet.

FutureResilience and Adaptatiéanning

The emerging consensusrldwideis that adapting to climate change sooner will greatly reduce societal risks and
costs in the long run. Recergsearch on climate change adaptation at the coast shows that landward retreat of assets
is likely to be required to manage lotgrm risks from sea level rise, regardless of any coastal risk management options
taken now(Haasnoot et al, 2019Where the red for coastal adaptation is increasingly urgent (globally and locally),

more transformative solutions are needed. Whilst generic aspects of these concepts are explored within the Nation

( \ Overview Report, the following text explores management
As climate change quickens erosion anc |  gptions atGolspie and Coul, within an international context of

increases flood risk, our attention needs | pest practice. To aid users of this report in adopting this

to shift from shortterm engineering approach to adaption, Dynamic Coast has identifietttions

choices at the oastal edge, to dynamic that can be takemow, that will provide both physical and policy

adaptationalland-managementinland, to windows tomake space for any adaptation to be implemented.

\ enhancesocial and economic resilience J These are highlightednd definedand further explored in the
National Overview Report aralign with the Intergovernmental
t I ySt 2y [ fAYFGS [/ KFy3S oLt/ / O Q&oasiahasgmtioNI® LcEnbte change O

risks,includingerosion risk, requires a #hink of the boundary between land and sea, where current land areas will
either disappear (due to erosion) or change substantively, due to erdésduted floodingThis may require
transformation of existing communities, policy, planning and infrastructystems now anth the coming decades

(See National Overview Repdrrww.DynamicCoast.com/repoi)s For example, in Scotland themerging Clyde

Marine Planning Poligyrovides arexemplarof best practiceat the coastjn supportof more transformative formsf

adaptation that may beapplicableto Golspie, Couand elsewherePractical implementation mechanisms are also
required along with strategic plans and policies, so that adaptation measures such as realigning key infrastructure ¢
ready to be rolled out and implemented when ei@s happens. This would shift erosion management from reactive
to proactive, and in doing senableslongterm societal resilience to coastal climate change with the least social and

economic costs.

10
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Dynamic Coast provides the evidence base to assessntand future coastal erosion risks for local government to
make riskinformed decisions and policy instruments. The generic coastal risk management and adaptation option

can be accessed in thdational Overview Repoifivww.DynamicCoast.com/repornisbut their application in the

context of Golspie and Cous listed inTablel below. These lie along a spectrum fraloing nothing or noractive
intervention; accommodate erosiorby adapting development plans and relocating existing assetsion resist
either usingraditional engineering structures mature-based solutions, such as beach feeding; anddwancing the
coastseawards, perhaps using artificial offshore structures or ksgde beach feeding (. mega nourishment such
as asand motor) (see National @wiew Report forcontext). Table1 outlinesthe past erosion ratesbservedat
Golspie and Coundidentifies both areas at greatest risk amdanagement and adaptation optionall risk
management and adaptation responses require robust appraisal to allow organisations tdattewmanagement

of coastal erosion risk and improve societal and ecosystem resilience.

Coastal erosion, floodingnd erosionrelated flooding are considered the key risks impactBujspie and Coulow

and in the future. Landowners and Loaithorities(LA)haveresponsibility for, and powers to address, coastal erosion
and flooding. LA also have shared powers urttier Flood Risk Management (Scotland) Act 2009 and the Climate
Change (Scotland) Act 2010, including a statutory duty to report on climate change adaptation progress. Guidance
planning for coastal change can be found here (SNH, ,2Btgs://www.nature.scot/guidanceplanningahead
coastalchangg. Consistent with a Shoreline Management Plan approgigiure2 and Tablel sub-divide Golspieand
Coulinto management units to identify coastal erosioisk and management approaches to improve resilience of
natural and societal assets in the shtetm as well asadaptation options to improve lonterm community
resilience. Eachmanagement option irGolspie and Cowlill have differing impacts on sedent dynamics, beach
function and the natural capital that beaclune systems provide. Importantly, these responses to managing coastal
erosion risks involve both the management of activities on land as well as at the coastalGedigge has urban
communities rural areasand sites of natural and cultural importanadich have been subject to ongoing erosion and
where traditional, hard engineering erosi@asist management options have increasingly required costly replacement
or repair. Athese points and elsewhere, beach lowering and retreat has weakened the natural capital afforded by th

beach and dunes (such as natural erosion protection); urgent action is required to restore this natural capital.

( \ It is important to note that many of the adaptation options presented in
This requires gategic

. . Table 1 and associated text requirgrategic planning decisions to be
developmentplanning decisions

to be takennow, to provide takennow, to provide the physical and policy space needed for the future.

physical and policy space to This includes providgspacefor relocation of assets tmlandrisk-free sites,
accommaodate future erosioty
adaptationto minimisesocietal
\ impact and cost. ‘ position. For example, if planning permission is granted now for assets or

but also space for accommodating beach and dunes inland of their present

infrastructure on land that may be at erosiorskiin the future, the

11
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opportunity for future landward adaptation to occur is constrained, becomes more expensive, orlaoittbased
strategic plans that account for future risks are needed when planning today (gl Development Plans), tceate
YR al FS3dzZ NR WogAYyR2g6a& 27F 2 LI NI dzy A i & Qsodictal ilmpaddahd c6; R |
concepts acknowledged within the NPF4 (Consultation documentsjemedtlyrevisedNationalLand Use Strategy

(Consultatiordocuments.

Resilience and Adaptation Options at Golspie and Coul

Tablel outlines the management options along the coast which are recommended to be considered alongside

dynamic adaptational landse planning aspects inland.

ST R e
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Highland

Moray

Figurel OS Location map of Golspie and Coul. Grid squares are EFigure2 Management unit areas for Resilience and Adaptation Opt
and Northing of size 1 km x 1 km. Crown copyright and database r Labelling relates to options iFablel.
0OS 2020 100017908.
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Tablel Risk management, Resilience and Adaptation OptionGétspie and Coill N2 dzZLJSR o6& YI yI 3SYSyd dzyAdGT LI ad yR I ydAaOALI (SE&mdpohsa®Bullined f 2y 3aARS WR2 y20iKAY3IQ AYLIEAOFIGAZ2ZYyad {
Shore 6Do not hi
Management Unit Area | Character & Coastal changes imolications 0 Sh or t managenredt options to improve short-term resilience 6Long termd adaptation options to
Assets P
Non-Active Intervention: . .
' _ ' . In addition to deployment of short term options:
1. Monitor change/no intervention (now onwards): Undermining and . .
. ; Non-Active Intervention:
eventual breach of defences leading to a phased incremental loss of some _ _ _ .
historic castle grounds, if historic castle buildings are involved then costs to | 1. Monitor coastal change/no intervention (now onwards) alongside
_ Low Water lFores_hore business and affect tourism impact follow. Cost: zero - moderate; Risk: accommodate erosion.
: PI—— owering, . ion:

Area 1: Dunrobin shore 19047 1962 +43 m o eCijl o moderate. ; éccommcl)Ddate Eroilcj)n e Poricy Path Enabl .
Foreshore 197071 2019: 0 m P y Accommodate Erosion - rrogress Kynamic Adaptive Fo !cy a way.. nable exis mg
gravel with Hiah Water defended shores. _ _ _ o assets to be adapted / relocated, if or when their present location

Tidn Yvater Flanking & 2. Develop Dynamic Adaptive Policy Pathway, to enable existing assets to become exposed to erosion / flooding risks. Choice of timing is
sandy 190471 1962: +29 m erosional bites at be adaptated / relocated, if or when their present location become exposed dependant on locally defined triaer points. space on land needs to
shoreface, 19701 2013: -9 m d to erosion / flooding risks. Choice of timing is dependant on locally defined P y ) ggerp +SP
protected by 20137 2019: -3 m ;n . cof trigger points, space on land needs to be safeguarded for options. be sqfeguarded for options. _

1 seawall in parts. | Volume etreat of soft 3. Avoid new permanent development in areas of current or future risk. 3. Realign vulnerable roadways and relocate assets (2050): avoid

Natural shingle shore

Dunrobin Castle
estate.

N/A
Vegetation Edge

shorelines 207 60
m loss. Spray &

Erosion Resist:

future risks and reduce the need

e.g. relocating formal gardens to behind the castle.

breakwater along town frontage to reduce storm wave impact.

with artificial sections in 20071 2012 -5 m pver—we_lsh risk 4. Repf)':oftlle. beach: (0;10 ?/rs)'lshort—tefr? Iocslbenhancemgnttgf up]E)er .bf[a'ach 4. Erosion Resist:
front of castle estate 20127 2016: -4 m increasing. protiie to wpprove na urg r'e5| lence of beac . y re—organlsg |or? o existing 5. Combined enhanced defences and beach feed (2050): Direct
beach sediment to maximize natural protection of weak points in sea wall. . . .
N defences constructed,fronting beach renourished with sand and

5. Feed beach (07 10 yrs): Short-term local enhancement of whole beach o . .

) . . . gravel to maintain amenity and reduce wave impact on defence
profile to improve natural resilience of the beach fronting defences. structures

6. Maintain or install new defences (07 20 yrs): Extend design life of existing |
or add new defences.

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

. N . - Non-Active Intervention:

1. Monitor change/no intervention (now onwards): Undermining and .IV ~En . . _
eventual breach of defences leading to a phased incremental loss of 2. Monitor coastal cha.mge/no intervention (now onwards) alongside
seaward grounds. Impact on housing assets and related infrastructure (e.g. accommodate erosion.

Low Water septic, access roads and utilities). Cost: moderate; Risk: high. Accommodate Erosion:
19041 1962: +15m Foreshore Accommodate Erosion: 6. Progress Dynamic Adaptive Policy Pathway: Enable existing
19701 20135 2m lowering, 7. Develop Dynamic Adaptive Policy Pathway, to enable existing assets to assets to be adapted / relocated, when their present location become
Area 2: Golspie town _ 20131 2019:0m especially on be adaptated / relocated, if or when their present location become exposed exposed to erosion / flooding risks. Choice of timing is dependant on
Foreshore with | High Water defended shores to erosion / flooding risks. Choice of timing is dependant on locally defined locally defined trigger points, space on land needs to be safeguarded
sandy 19041 1962: +8 m Flanking & ' trigger points, space on land needs to be safeguarded for options. for options.
shoreface, sea | 19707 2013: -2 m erosional bites at | 8 Avoid new permanent development in areas of current or future risk. 7. Realign vulnerable roadways and relocate assets (2050):
wallin Golspie | 20137 2019: 0 m end Erosion Resist: realignment of existing assets (e.g. housing and infrastructure such
Vol ' iltiti i i
town centre gnd o ur.T'1e Retreat of soft 9. Reprofile beach: (0 5 yrs): Short-term local enhancement of upper beach as roads, u'gltmes) to avoid .future risks and re_duce the need for
A9 & Fountain 20137 2019: . . . o . L ferosion resisto options.
Road 0.6i 3.1 m lowering shorelines 40 m profile to improve natural resilience of beach by re-organisation of existing _ .
Artificial shore with some | ;o seaction 2'013.'.'2019_ loss. Spray & beach sediment to maximize natural protection of weak points in sea wall. Erosion Resist:
natural sections ' 4700mE over-wash risk 10. Feed beach (0i 10 yrs): Short-term local enhancement of whole beach 3. Feed beach (2050): Short-term local enhancement of whole beach
Véqetation Edge increasing. Res. profile to improve natural resilience of the beach fronting defences. profile to improve natural resilience of the beach fronting defences.
2007i 2012 -1 m Properties & park | 11. Maintain or install new defences (0i 20 yrs): Extend design life of existing | 4. Combined enhanced defences and beach feed (2050):
20121 2016: -2 m or add new defences. Advance:
Advance: 5. Offshore or nearshore breakwater (2050): reinstate historic rubble
2. Offshore or nearshore breakwater (0-20 yrs): reinstate historic rubble breakwater along town frontage to reduce storm wave impact.

6. Mega nourishment (2050): beach & dune reshaping would benefit
the entire bay and reduce risk of erosional breach and erosion-
related flooding.
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of Loch Fleet
SSSI and SPA.
Tracks leading
onto northern
marsh.

(spit), 0.3i1 2.8 m
lowering (south)
20161 2019:
-29,000 m?3
Vegetation Edge
200971 2012: +50 m
(spit), -3 m (south)
20127 2015: -57 m
(spit), -13 m (south)
20151 2019: -39 m
(spit), +8 m (south)

Natural shore

of vegetation.
Spray & over-
wash increasing.

of current or future risk.

Erosion Resist:

12. Reprofile beach: (07 5 yrs): Short-term local enhancement of upper beach

profile to improve natural resilience of beach by re-organisation of existing
beach sediment to maximize natural protection of weak or low points.

13. Feed beach (01 10 yrs): Short-term local enhancement of whole beach

profile to improve natural resilience of the beach fronting defences.

14. Install defences (0i 20 yrs): no assets at risk, so unlikely.

<4
Shore
. 5 D t hi|, R . L . R . .
Management Unit Area | Character & Coastal changes iom I(i)catir;nos ! 6Short ter md man agmpovashortterm iesiliescet o 6Long termd adaptation options to
Assets P
In addition to deployment of short term options:
Non-Active Intervention: Non-Active Intervention:

Erosional bite at i i i . ini . . . :

_ 1. Monitor change/no intervention (now onwards): Undermining and eventual 1. Monitor coastal change/no intervention (now onwards) alongside

Caravan park: breach of defences leading to a phased incremental loss of seaward accommodate erosion.

Low Water grounds at golf course and to the south. Cost: zero - moderate; Risk: ,

19047 1962: -45 m Accommodate Erosion:

. o Broad sandy N moderate. : . . N
Area 3-' G0.|$ple Links shoreface with 1970i 2019: -0 ma Accommodate Erosion: 2. Progress Dynamic Adaptive Policy Pathway: Enable existing
(Golspie pier to Fleet boulder 1970i 2019: -15 m® Foreshore o _ _ o assets to be adapted / relocated, when their present location become
mouth) . High Water lowering, 2. Develop Dynamic Adaptive Policy Pathway, to enable existing assets to be exposed to erosion / flooding risks. Choice of timing is dependant on
revetment in 19047 . : adaptated / relocated, if or when their present location become exposed to ) . .
. 11962: -26 m especially on ! ) . . T . locally defined trigger points, space on land needs to be safeguarded
north at Golspie 19621 2013- -6 defended sh erosion / flooding risks. Choice of timing is dependant on locally defined ) i
Golf course and 2013_'_ SoLa. '4 m FT eE_ e &S ores. trigger points, space on land needs to be safeguarded for options. to provide future options. .
gravel beach at '|' -4m an. ing . 3. Avoid new permanent development in areas of current or future risk. 3. Real|_gr_1 and relocate vulnerable assets (205_0). Some reallgnment
201471 2019: -3 m erosional bights at ) i of existing assets (e.g. golf course and recreation assets included
caravan park Erosion Resist: : - Iy : -
and Go-Kart Volume end. _—— associated infrastructure, e.g. utilities) to avoid future risks and need
Circuit. T h 20137 2019: Retreat of soft 1. Reprofile beach: (015 yrs): Short-term local enhancement of upper beach for flerosion resisto options.
'nltrcfllj\;tl;lRolzt?;; 0.51 3.2 m raising shorelines 100 m profile to improve natural resilience of beach by re-organisation of existing Erosion Resist:

- ) gravel/sand spit I(Splt)’_ 0.71 3.8hm loss. Sprarl]y '&k 5 ?/Ie;ri?aisneglrn;i?érzz g‘;zmzs Foa;u(;alrS;?trsz:;?;isfevl?s?ii orblgl\:\ll dF;()rlrr];S\;etment 4. Feed beach (2050): Short-term local enhancement of whole beach
Artificial shore in the and marsh owernlng (n(.)rt ) pver—we_xs ns ’ and extend south to northern boungar .of NNR. notin egx ectation of profile to improve natural resilience of the beach fronting defences.
north and natural shore | - 4yi6l o Fleet 20137 2019: Increasing. _ : ) y » hoting exp 5. Enhanced defences and beach feed (2050): Direct defences
in the south +24,000 m3 erosion being .6past ondé to NNR . . .

mouth. ] . constructed,fronting beach renourished with sand and gravel to

Vegetation Edge 3. Feed beach (01 10 yrs): Short-term local enhancement of whole beach L . .

- . ) . . L maintain amenity and reduce wave impact on defence structures .

20077 2012: -4 me profile to improve natural resilience of the beach fronting defences.Maintain

20097 2012: -13 m or extend defences (0i 20 yrs): Existing boulder defences maintained to Advance:

20121 2018: -27 m extend design life and extended south to boundary of NNR 6. Mega nourishment (2050): beach & dune reshaping to benefit the
entire bay and reduce risk of erosional breach and erosion-related
flooding.

Low Water

1975' 2019: +52 m Non-Active Intervention: . .

High Water ] ) ) o In addition to deployment of short term options:

. . 4. Monitor change/no intervention (now onwards): Undermining and . . . .

19041 1977: +42 m ) . 1. Monitor coastal change/no intervention (now onwards) alongside

(spit), +8 m (south) eventual breach of defences leading to a phased incremental loss of accommodate erosion

1977.;. 2019 +24 m seaward grounds. Cost: zero - moderate; Risk: moderate. '

Area 4: Coul Links ] i . . Accommodate Erosion:
' Broad sand spit | (spit), +19 m (south) Accommodate Erosion: , p 5 - Adaptive Policy Path 2050): f
(Fleet mouth to Embo) parallel to Fleet | 201671 2019: -26 m 5. Develop Dynamic Adaptive Policy Pathway, for designated nature ' drogress dynamlc aptwg olicy athway (_ h). » 1O )
mouth backed | Volume conservation interests, ensuring the progressive effects of natural coastal esignated nature conservation interests, ensuring the progressive
by dune ridge | 20167 2019: Fareshore change on habitat extent are not viewed as threat or damage. effects of natural coastal change on habitat extent are not viewed as
and marsh. Part | 0.2i 2.7 m raising lowering, retreat | 5 = A\ 5iq approval of any new traditional (i.e. permanent) development in areas threat or damage.

3. Avoid approval of any new traditional (i.e. permanent) development
in areas of current or future risk.

4. Erosion Resist:

5. Feed beach (2050): no assets at risk, so unlikely

6. Install defences (2050): no assets at risk, so unlikely.

Advance:

7. Mega nourishment (2050): beach & dune reshaping to benefit the
entire bay and reduce risk of erosional breach and erosion-related
flooding.
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Shore
Character &
Assets

Coastal changes

6Do not hi
implications

6Short ter md manage menghoretermn fesililescet o i 1

6Long termd adaptation options to

Area 5: Embo

Partly artificial and
natural rockhead shore

Bedrock shore
platform and
sandy
shoreface
fronting artificial,
protected beach
ridge fronting
dunes and
caravan park.

Extent of visible
defences 2009

=95m, 2019 =
580 m

Low Water

19751 2019: -13 m
High Water

201671 2019: -8 m
Volume

20167 2019:

0.37 0.7 m lowering
201671 2019:
-15,500 m?
Vegetation Edge
20091 2012: -2 m
20121 2015: -10 m

Loss of sand,
further exposure
of rock foreshore.
Flanking &
erosional bight at
end of defences.
Retreat of soft
shorelines 40 m?
loss. Spray &
over-wash risk
increasing.

Non-Active Intervention:

1. Monitor change/no intervention (now onwards): Cost: zero; Risk:
moderate.

Accommodate Erosion:

1. Develop Dynamic Adaptive Policy Pathway, to enable existing assets to
be adaptated / relocated, if or when their present location become exposed
to erosion / flooding risks. Choice of timing is dependant on locally defined
trigger points, space on land needs to be safeguarded for options.

2. Reprofile beach: (07 5 yrs): Short-term local enhancement of upper beach
profile to improve natural resilience of beach by re-organisation of existing
beach sediment to maximize natural protection of weak or low points.

3. Feed beach (0i 10 yrs): Short-term local enhancement of whole beach
profile to improve natural resilience of the beach fronting defences.

Erosion Resist:

1. Maintain or install new defences (01 20 yrs): Extend design life of existing
or add new defences.

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

1. Monitor change/no intervention (now onwards):
Accommodate Erosion:

1. Progress Dynamic Adaptive Policy Pathway, to enable existing
assets to be adaptated / relocated, if or when their present location
become exposed to erosion / flooding risks. Choice of timing is
dependant on locally defined trigger points, space on land needs to
be safeguarded for options.

2. Realign roadways and relocate assets (2050):

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

Erosion Resist:

1. Feed beach (2050): enhancement of whole beach profile to improve
natural resilience beach .

Advance:

2. Mega nourishment (2050): beach & dune reshaping to benefit the
entire bay and reduce risk of erosional breach and erosion-related
flooding.

a0S MLWS 1970 & 2019 are identical
b Estimate based on Coast X-Ray extracted MLWS
¢ Aerial imagery coverage for 2007only to northing 897000 (Loch Unes)
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( \ This section briefly expands, by area and managérptions, on some of
The greatest societal resilience

and lowest costs for Golspie anc the key points emerging froablel. If Non-Active Intervention(NAl) is the

Coul will occur when coastal risk | preferred policy option at Golspie and Cadbkn beach and/or dune cordon
management decisions are

made alongside adapting land _ . , L
based policies now to At Golspie town Area 2) one option is to reinstatehe historic boulder

erosion or lowering will continue to occur, in both the short and loergn.

Kaccommodate future erosion) barricade (offshore/nearshorerbakwater) to reduce the impact of storm
waves on the towns existing seawall. ElseverarGolspie and Coul, there
are no recommended options tAdvancethe current coastal position usirguchstructural erosion resistoptions
However, theuse of a largescale nature-based erosion resistor advanceoption, such as a megaourishment
programme (or sand engine), would benefit the entire bay and enable the current {skeaxehposition to be advanced
seaward depending on the volume of feed and renourishment programui the recommendederosion resist
measureg(nature-basedor traditional engineering) would be applied to specific areas of the bay as detaileabla
1 and summarised belowmportantly, in all areas where any NAI, advance or any tyjgeasion resistmeasures are
implemented in the short and longéerm, it is recommended that lantdased policies are adapted now to
accommodate erosiorby restricting future new (or regenerated) development of permanent infrastructure, housing
or industry in areas forexst to be eroded by 2100. This makes space for belacke systems to respond naturally and
ReEyYylYAOLtEte G2 O2Fradlt OftAYF(GS OKIFIy3aS AYEHQODBE YK
amount of permanent development permitted irrems at risk. Shotierm economic benefits in these areas can
potentially occur through innovative measures such as permitted temporary development, such as assets that ar

demountable and/or can be relocated inland as landward erosion expands and quickens

Landbased adaptation mechanisms are recommended for all areas to accommodate erosion by facilitating landwar
retreat of natural beackdune systems and assets on land. For examplareéa 1 andespecially Are&, irrespective

of the measures adopted #he coastal edgaew developmenshould beavoidedandland-based policies developed

to support adaptation of assets and activitimsmoveaway from areaat risk. This also extends to the north section

of Area 3 @olf course frontaggthat is presentlyprotected by a boulder revetement that has failed several times in
the recent past The presence of this revetememas ledio beach lowering in fronand accelerated recession of the
coast to the southsuggesting that a viable alternative option would be to renourish and reprofile the fronting beach,
a drategy that would benefit the coast the south into the NNR as wel\@ss 4 and 5at @ul Lnks andEmba
Reprofiling the upper beach and frontal dune ridge at the south ensfed 3(caravan park and kart trackpd local
beach feeding would buy time to develop a long term strategy for the entire A@a 5at Embo is currently partly

protected along the caravan site frontagad would benefit from local beach feeding.
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TechnicabBummary

Methods

Identification of Flood Protection Features

High resolution Digital Elevation Models (DEMs) were automaticafiyysed to identify the extent of the coastal
barriers protecting lowying areas of flood risk. Regular shov@mal profiles were extracted at 10 m intervals along
the DEM and analysed to identify the width of barrier and volumes of sediment aboveokelyeflevations. These
Fff26SR LRIGSYGALrt OoONBIFOK LRAyGa G2 06S ARSYUGATASR I f
profiles were then extended along the low points of potential flood corridors to enable detailed topography to be

compared with anticipated flood levels.

Anticipated Shoreline Recession due to Relative Sea Level Rise: Modified Brunn Rule

Relative sea level rise is expected to exacerbate rates of erosion of coastal barriers, wittokreftdcts for any
extant flood rgks identified. Past rates of coastal erosion in the face of known rates of relative sea level change wel
used to modify and train an equilibrium model (the Bruun Rule) for shoreline change prediction (Dean and Houstot
2016). Shoreline change was then aeatied to 2100 under low to high Representative Concentration Pathway (RCP)

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

Modelling Past and Future Erosion: CoOSKIOAST

We adapted the Coastal Otiee Assimilated Simulatio Tool (COSMeSOAST, 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 warien alongshorend crossshore 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 sea level change and wave hindcast data, as well as Ensemble Kailngan Filte
which assimilates the modelled shoreline to historic positions of Mean High Water Springs ovef tenfily. The
forecast model was validated with recent shoreline position observations derived frorrdgghlution topographic
surveys, satellite iegery and aerial photography. Shoreline change was then modelled to 2100 under low to high
Representative Concentration Pathway (RCP) scenarios within UKCP18, encompassing factors such as anticip

changes in sea level rise and wave action

Vegetation Edg Analysis

The retreating vegetation edge is a clearly identifiable feature within remotely sensed imagery, high resolution DEV
and via ground survey. Its position can be extracted manually oraetoimatically allowing timéapse comparisons

from data fom different time-periods. Multiple sets of aerial imagery over the last few decades have been compared

with comparable resolution ground survey to produce tisexies vegetation edge retreat positions.
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Updating the Extent of the Intertidal: CoadRXy

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 water (sea), alwaystefand) and
areas which are intermittety water and land (the intertidal zone). This water occurrence index is converted into a
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 patiéal changes to the extent and geometry of the foreshore

and the low and highwater marks against previously published Ordnance Survey tide lines.

Mapping Coastal Erosion Disadvantage

An assessment was additionally carried out to quantify @uastal Ebsion Disadvantage (igocial vulnerability of

{ 020Gt yRQ&a 02 YYdz ) iisin§ Bynainiz Coag érasitn data f@MNIhe recany past (1970s) through
to 2050. Mapping of social vulnerability in relation to coastal erosion was carried outfushg G f | Y RQa [/ S
from 2011 and the latest data from the Scottish Index of Multiple Deprivation (2016 & 2020). Building upon previou:
considerations of social vulnerability related to coastal erosion and floodingStleéal VVulnerability Classificati
Indexis a derivative of that developed by Fitton (2015). It includes existing academic and policy literature concernin
coastal erosion and flooding vulnerability and identifies key indicators of social vulnerability to coastal erosion an
Ft22RAy3Id LG 48814 taz2 (42 SEGSYR {9t! Q& o6nHnmm0 SIN

et al (2018) flood risk vulnerability assessment, whicbstwt consider coastal erosion.
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Results

The following section provides the research results on coastal change (erosion/accretion), flood risk and coast

erosion enhanced flooding.

Coastal Change

Summary

1. Between 1904 and 1977, Golspie Linksegally saw strong MHWS retreat and Coul Links experienced small
pockets of accretion and erosion. Little change was recorded fromi¢P@D9, except for south Golspie Links
by the River Fleet mouth which continued to erode. The pattern of recession irottie and accretion in the
south has continued up to 2019. The largest amount of change is generally seen across the edges of the ri\
mouth, with the mean recession rate beind 2n/yr from 1970¢2013 and 73 m/yr from 2013¢2019.

2. Recent topographic changmalysis shows sediment losses have dominated the lower foreshore and intertidal
zone with 100,000 fof sediment being lost across Coul from 262619 and 70,000 Alost across northern
Golspie from 201&019. However, the north and south banks of theH.&teet mouth and adjacent spits
show accretion to the east during these same periods, totalling 139,6d0mthe north side (Golspie) and
30,000 ni for the south side (Coul).

3. VegetationEdge show amore complex trend with-400m long sections oérosion, stability and accretion
over the last two decade¥egetation eosion rateseached2.2 m/yr along northern Coulyith central Coul
showing accretion rates of up to 1.1 m/fgockets in southern Golspie showed vegtatrosion rates of up
to 3 miyr while the area south of theittle Ferry Race Circuit reached up to 5 m/yr erosigith lesser erosion
of 0.5 m/yr across the Golspie Lirdesd townfront.

4. Whilst most of the dune cordon provide a good level of flood protection tolthelying interior, they are
essentially narrow with some potential flood corridors where inland streams exit through the dunes and onto

the beaches.

The first phase of Dynamic Coastmmarisedthe coastal changes tGolspie and Coukee page 30;36 of Cell 3

report) between 19@, 1970/77 and 204 and a recenVegetation Edgseurvey from 20062016 TheVegetation Edge
acros Coul retreated by an average3in/yr from 20032016 whilst theMWHSacrossGolspiehaseroded at a rate
of between0.4¢2.7 m/yrfrom 1970;2014.

The second phase of research, outlined below, benefits from Ordnance Su#®agl survey undertaken in May 281
and updated by multipl&/egetation Edgsurveys. Whilst these are discussed in turn below, various interactive tools

are available withimvww.DynamicCoast.coffor the user/rader to interrogate the results.
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Existing Topographyt &olspie and Coul

Theoverall coastal context dbolspie and Couentres on a series @mergedlargegravel spis that haveextended
south over the past several thousand yedrem Golspieto partly enclose thdow-lying land north of themouth of
the Fleet The present gravel beaeimd spit at Golspisits seaward of the emergegtavelspits.South of the Fleet at
Coul, sediments from the north have accumulataad built out, likely as aeries of emergedbeach ridges with
subsequentdune accumulation on top. The mouth of the Fleet itbal$ short stubby spits extending from eitlwede
andrecuwing landwardinto the Fleet Seaward of the mouth substantial ebhiide delta has formed fed by sediment
exiting from the Fleet and arriving from the nortBoth Golspie Links and Coul Links have a simikrk&+long
stretchesof sand andyravelbeachthat are pinned at their norttiGolspieland south(Embo)extremities by ockshore
platforms. Both Links display extensieas of sand dune that sit on top of the emerged gravel beach ridges
transitioning to coastal heattor forestinland. At an average elevation o9 mOD, with some sections reaching 1
mOD, he frontal dune ridge at Coul Links is highard widerthan along much ofGolspie Linkshe ridge atnorth
Golspie reachesnly4¢5 mODbut much of south Golspieontal ridgeliesbelow 2 mODRQvith lower land behind before
rising again to InOD.Just north of Embaa small channel mouth at 2.1 mOD may provideogential conduit for
marinefloodinginto the low-lying<3 mOD interiobehind the frontal dune ridge, a lelying swale that extends north
for almost the entire length of Coul Link&vidence of dune dynamism can be seen in the ridges inland of each spit
that follow the current MHWS morpholog¥he7 mODfrontal ridge atnorth Coulremains open to tidal incursion at
its northernmost point, alloving tidal accesdo the lowlying swales that lie behind arghrallel to thefrontal ridge,
and creating ashort tidal corridor behind the dune ridgthat has the potential to link with similar lolying coast
parallel swales tole south.

The nearshore bathymetng fairly shallow and characterised by low onshore gradients, with sawadgravelghat
transition to intermittent bedrock in the north and south. Golspie has steeper offshore gradiert Coulwhich may

allow highemwave activity acced®s the shoreface.
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Figure3 Topography, BathymetymCD) and key flood levels (m@Dsolspie and Coul (from 2019 OS aerial imagery derived DSM and
MarineThemes bathymetry)

National Coastal Flood Protection Features across Golspie and Coul

Automated terrain analysis was carried outbre2 f & LJA S  dofy’ dRast/ t& siztefhatically idéfy natural flood
protection features (i.e. dunes and cliffs) shownFigure4. These features include the extent of ridge features
(identified from topographic higlpoints), potential flood corridors (identified from topographic low points), the
presence of cliff features and the extent and volume of continuously elevated ground (i.e. barriers) at lspetdit
flood levels. FoGolspie and Couthe protection tinction of the dune cordons can best be summarised by the dune
width at 3.5 mOD, this being the elevation of likely future flood levels combined with wave heights and explored in
the flooding section of this report. The dune cordon characteristidsignre4 can be compared with the elevation
changes irFigure7 and FigurelOto highlightsections of potential flood risk in Areas 2 and 3, where current rates of
erosion may compromise the already narrow dune front to expose theyow backdune to flooding. In Aas 4 and

5 at Coulthe barrier front toe points show a wider and therefore more protective dune front, bistitarrier feature
extraction further supports the breach points for flood corridesgpanded on irthe Existing Topographyt &olspie
and Coukection. This process also calculates the sediment volumes eilcimbarrier feature, allowing for both an

understanding of protective capacity as well as an order afmitude for possible future dune infilling.
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Figure4 Flood protection featurest&solspie and Coushowing the extent of the barrier tdgrey box)and points at front of barrier symbolised
by the barrier width at 3.5 mQBarriertoe widthis annotated alongside transect number

Changeso Low Watemt Golspie and Coul

Figure 5 shows planimetric changes to MLWS betwberll9752019 OS surveys and the 2@2618 MLWS from
Coast XRay usinghe Sentinel2 satellitedata. Ingeneral, the period 1972019 saw erosion along the south Golspie
shore of up to 160 m at the most dynamic section of the spit, and accretion along northern Coul of up to 180 m alon
what was previously a48 sand bar that has since shifted in positidre $ections along northern Golspie and southern
Coul showsurprisinghfittle change to the MLWS positi@monsidering its likelgynamism. The CoastRay MLWS line,
(albeitdefined by the position at which >80% of SentiBeimages in the stack analyseg alassified as containing
water) deviates from the 2019 OS MLWS positimdl plots consistently landward of the 2019 line by up- 7@0 mat

the Fleet mouthand by 2@60 melsewhere However, it should be noted that éhCoast Ray linederives from oty

2 years of images that may not fullgpture the full tidal exent at low water.In generaland apart from the mouth of

Loch Fleetit appears that MHWS has moved landward overall along much of the Golspie to Coul coastline
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Figure5 Changes to each lower beagltomparison of various MLWS survaysl Low water (80% water occurrence) from CoaRayX
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Changes to High Water at Golspie and Coul
Figure 6 shows changethe upper beaches of Golspie and Coul as depicted by the position of MHWS. In general, the
period 19041977 was characterised by erosion along the north spit of the River Fleet mouth, and a smaller amoun
of accretion on the southern spit. 1972009 saw b change between OS MHWS linigss due to lack ofipdatedOS
measurements rather than nealworld lateral change in MHWS. 20€8019 saw a continuation of these trends with
an increaseerosionrate in the north (0.7 m/yr from 196241970, 2.2 m/yr from 270¢2013, and 2.6 m/yfrom 2013;
2019. The northernmost point of the Coul spit along the River Fleet mouth has fluctuated significantly since 1904
with the seaward side accreting and theS\marsh channel behind progressing south with each survey. T 19
MHWS is more complicated compared to modern measurementsdwatrall the trend in high water change from
19772013 and20132019 is accretionary, at an average rate of ~3 m/yr. In general, Figures 5 and 6 demonstrate tha
over the period of 19752019 Golspiehas migratedconsistentlylandward and Coulhas undergone phases of
accretion and erosiarwith accrdion in the north andsouth (@ Embo) and erosion in theentre. However the Coast
X-Ray MLW@ositions suggeghe shorefaces of both Golspie and Cbhaleexhibited foreshorebeach steepening in

recent periods.

Golspie & Coul High Water Changes

Golspie

1904 to 1970 = 46m accretion
1970 to 2009 = no change
2009 to 2019 = 22m accretion

Coul

1904 to 1970 = 36m erosion
1977 to 2013 = 18m erosion
2013 to 2019 = 1m erosion

1904 to 1970 = 50m accretion
1970 to 2009 = no change
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1904 to 1970 = 34m erosion
1970 to 2013 = 16m erosion
2013 to 2019 = 4m erosion

1904 to 1977 = 22m accretion
1977 to 2009 = no change
2009 to 2019 = 22m erosion

1904 to 1970 = 27m erosion
1970 to 2013 = no change
2013 to 2019 = 4m erosion

1904 to 1977 = 8m erosion
1977 to 2009 = 1m accretion
2009 to 2019 = 17m accretion

Legend

MHWS

— — 2019 (OS aerial)

— — 2009-2013 (OSMM, ScotGov Lidar)
1970-1977
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1904 to 1970 = 110m erosion
1970 to 2009 = 77m erosion
2009 to 2019 = 30m accretion

o Golspie

1904 to 1970 = 5m accretion |[ 0 250 500 1000
1970 to 2013 = 54m erosion — — |\ctres

2013 to 2019 = 36m erosion OS aerial survey (May 2016) obtained
via the Dynamic Coast project.
Crown Copyright (&DB rights)
2020 OS 100017908.

Coul

0 125250 500
— e |\ctres

Figure6 Changes to each upper beaghomparison of MHWS surveys datéiD4, 1970/77, 2009(0OS map series), 28 (SotGoviidar survey)
and 208 (OS aerial imagery DSM)
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Using the most recent vertical change data derived from DEMare 7 demonstrates the net effect of changes in the
positions of MLWS and MHVE8dshowthe recent losseslepicted in red/pink2013;2019at Golspieand 2016,2019

at Cou) experienced on the lowgrarts of thebeach.The exceptions areapts of the lower beach of south Gpie
and at both sides of the Fleet mouth wieeaccretion occurredacross this periodAt Golspie, erosion dominated
between 20162019,this beingreflected in the Vegetation Edgkopping by as much @&7m in the south an@.6 m

in the central sectionwith lower beachdroppingby 2.3m However, pockets of erosion and accretioccur at both
spitswith the north siderising by up to 3.1 m at MLW&oul hasbroadly experiencedccretion(wind-blown) across
the centralsection with theVegetation Edgshowingan averaggainof 1 m between2013;2019, but elevation loses

dominatethe lower intertidal

Golspie & Coul Coastal Elevation Changes [

= 4" Dynamic Coast

Golspie

Coul

0.4m gain

Legend

— — - 2019 MHWS (0S)
— — - 2016 MHWS (Bluesky)
— — - 2013 MHWS (ScotGov Lidar)
Elevation change
m
[ >= 2.0m accretion
[ 1.0 to 2.0m accretion
[ 0.5to 1.0m accretion
; [ 7 0.25 to 0.5m accretion
3 [ 1 -0.25-0.25 stable
_m [ ] -0.5t0-0.25m erosion
[ -1.0to-0.5m erosion
[ -2.0 to-1.0m erosion
I <= -2.0m erosion

Golspie (2013 to 2019 change)
0 250 500 1000
Metres
OS aerial survey (May 2016) obtained via | Coul (2016 to 2019 change) R

the Dynamic Coast project.
Crown Copyright (&DB rights) we\ﬂeﬁes

2020 OS 100017908.

0.8m loss

0.9m loss

Figure7 Changes to the foreshoreomparison of the difference in beach elevation frorh@ENHaerial DSV to 200 (OSaerial DSM)at
Golspie and 2016 (Bluesky aerial DSM) to 2019 (OS aerial DSM) at Coul
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Dune Vegetation Edgé&hgeat Golspie and Coul

Figure 8 details change in the vegetatioedge position with Figure 9 depicting the ratesof changeproduced
Unsurprisingly, e most significant lateral changes\fiegetation Edgeccurredacrosseither sideof the Loch Fleet
mouth, where sediment transpofirocessest the spitsresult inmore dynamismthan elsewhere2007/2009;2012

saw widespreadregetation edgestability & Dunrobin and north Golspidut with localised erosion and accretion of

-6 m to +6 m respectivellong the middle and soutolspie sections, are widespreadand consistenerosion of

the Vegetation Edgeccurred withup to 5 mlossalong thecaravan parkrontage 7 m at thesouthern end of the ge

kart track and up to 14 m retreain the NNR to thesouth of the gekart track.Between 20092012, veraloverwash
areas and aeoliablowouts of thefrontal dune ridge along the south Golspie Links resulted in vegetation retreat of up
to 22 m At north Coul Linksaccretion occurred between 20€8012 resulting in up to 50 reeawardshift in the

Vegetation EdgeFurther southat Coul there was onlpcalised retreat of 47 m.

More recently the period2012;201516 displayed widespread vegetation retreat across southern Coul Links,
removing the accretion of the previous period in the north by an equal 50 m and a mean retreat across the entire
southern Coul Links of 15 im.the north of Golspig/egetation Edge stdalily persisted betweer2012;2016 but dune
defence worksverthe front of the golf coursérontage masks areashere the dune face hashifted inland.In the
undefended sections to the south, overwash evedtsing this period alonghe caravan parkand go-kart track
frontageresulting inVegetation Edgeetreat of 7 m to 13 nrespectively, rising t&7 mloss in the NNR the south

of the track boundry. At the ©uth end ofGolspie Linkssomel6 mof landward shift occurred in the vegetation edge
position. Along the Coul Links frontagmore widespread/egetation Edgeetreat of 13 m to 54 m occurred ovéhne
20122016 period, with the protected stretch of th&embo caravan park froageretreating by a maximum of 5 m
Nevertheless,le vegetationedge came within 3 m of some of the caravansimay pose a future erosion risk for the

infrastructure andouildingsclose tothe dune ridge.
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Golspie & Coul Vegetation Edge Changes

’Dynamic Coast
ammmsese.
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Golspie
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4 2009102012 = — — \ctres
10m erosion | |OS aerial survey (May 2016) obtained| Coul

2012102016 = via the Dynamic Coast project | o 4oc o5 500

: Crown Copyright (&DB rights)
13m erosion 2020 OS 100017908, — e |\lctres

Figure8 Vegetation Edgeositionchanges aGolspie and Cotilom aerial images taken i8007, 2009, 2012, 2015, 20Xhdground surveys
from 2018and 2019
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Figure9 Recentegetation Edgeates ofchange & Golspig2007¢2018) and Cou(2009¢2018)
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Volumetric Changeg &olspie and Coul

The elevation changes captured by DSMs depicteBigure7 above allow annual volumetric change rates to be
calculated for the periodior the period2013;2019 at Golspie and 20¢8019 at CoulTheseare shown irFigurel0
wherethe overall trend i bias towarcderosioral lossacross the lower foreshore and intertidal zone of both coasts,
with the northern part of Golspishowing consistent logsof up to 4,600 m%yr. Maximum erosion rates for Golspie
reach 13,100 fiyr close to the Fleet mouth due to local dynamibit pockets of loss also occur on the south side of
the mouth at Cou{5,100 ni/yr loss and 12,000 #fyr loss) Pockets of gairalso occur ohe north side(23,200 ni/yr)

and south (10,200 ni¥/yr). Overall, he aggregated annual change within each management unit showiabte2
reflectsa net bss of sediment at Golspiewm from2013;2019 ofmore than4,700md/yr; a net loss 0f15,900 n¥/yr

in the northern part of Golspie Link&),000 n/yr net gain in the southerpart of Golspie Linksiet losses of 2200
m3/yr at Coul and 15,500 #fyr at Embo.

Golspie & Coul Coastal Volume Changes [/ — BT
. ~ | ~

L——

Dynamic Coast
S |
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Coul J
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Legend
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| ~ i N OS aerial survey (May 2016) obtained via | Coul (2016 to 2019 change)
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| 4,500m?/yr gain

i
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i

{/
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the Dynamic Coast project.

Crown Copyright (&DB rights) | 0 125 250 50%1 ;
2020 OS 100017908, | "—r——T— etres

Figurel0 Comparison of rates of volume change across each geomorphic section outlined in white 1f8dBNaaerial DSM to 2019 (OS
aerial DSM
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Table2 Summarised volume changes fronll3@SNH aerial DIV) and/or 2016 (Bluesky aerial DSNY 2019 (OS aerial DSMicross thdive
management units

20132019 201652019
Change area Volume Change rate| Change area Volume Change rate

MGMT Unit (m?) change () (m3/yr) (m?) change (™) (m3yr)
1 ¢ Dunrobin
2 ¢ Golspie town 5,400 -4,700 -800
3 ¢ Golspie Linkslorth 214,600 -95,500 -15,900
3 ¢ Golspie Links Soutt 530,900 119,700 20,000
4. ¢ Coul Links 100 0 0 631,100 -29,200 -9,700
5-Embo 69,300 -15,500 -5,200

FutureShorelind>ojections

Future projections are based on tivodified BruunRule (see methods above) which are projected forward based on
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 continuedis®nt suppy from the immediate hinterland). These anticipated
shorelines are not intended to be reliable detailed predictions, but a precautionary future scenario to inform the
possible scale of change.

Figurell shows the anticipated future positions of MHWS every decade up to the year 2100, estimated using «
Modified Bruun Rule calculation for a future relative sea level rise of 0.95 m at 2100 (UKCP18 RCP8 bhe5#teo).

of landward retreatincreaseswith each decadal predictiomith the Golspie shoreetreating at an average ¢0.3

m/yr by 2050 andy-0.7 m/yr by 2100, and Coul retreating at average of0.1 m/yr by 2050 and1.1 m/yr by 2100.

The maximum retreat at Golspie is seen close toltheh Fleet spit-330 m from 201§2100)where dynamism has
been highest in the past and where the backdune gradient is loviteist also worth highlightinghe impact of the

-193 m retreatwhichmay fully cover the caravan park by 2100, and-8i&m retreat that willerode through several
LINE LISNIIASAQ o02dzy RENASA Ay D2f prdjectéd die2odtslesvelatiie MAWS®Ehange dz
history, howevethe consistent MHWS regat of ~90 m by 2100 wiltause the entire dune face to migrate backwards,

with a greaterpotential for shortterm storm events to breach the current dunesusing inundation.
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Golspie & Coul Anticipated Coastal Change Dynamic Coast
D e
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Golspie
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2050-2100: -225m (-4.5m/yr) 08 aerial survey (May 2016) | Coul 2018-2050: -13m (-0.4m/yr)
obtained via the Dynamic Coast [ 250:  500Mst 2050-2100: -78m (-1.6m/yr)
project. Crown Copyright (&DB etres
\ rights) 2020 OS 100017908, | ™ ———

Figurell Anticipated shoreline change using modifi&diun rule.

The arrival of a retreating MHWS on the beach is normally preceded by the undercutting of vegetation at the coast:
edge, especially where any dune machair cover (or saltmarsh vegetation where present) is damaged. This vegetati
edge essendlly marks the common perception of erosion of the land and its assets, due to landward retreat of MHWS
However, there is a mean lateral offset of 20 m between MHWS and the vegetation edge for each bay, and this is us
to project the modified Bruun MHWSedictions inland to provide insight on the timing when theuwegetated and
dynamic beach is anticipated to arrive at the position of any landward a3$wdre is a mean lateral offset 20 m
between MHWS and th¥egetation Edgdor Golspie Links an80 m for Coul Links, which is used to project the
Modified Bruun MHWS predictions inland and provide a clearer perspective on the timings of whenwbgatated

and dynamic beach will arrive at the position of landward assets tdilele view of decadl MHWS predictioausing

this method can be seen on the interactive welap associated with this document

(www.dynamiccoast.com/webmaps.hthiThis visualisation shows that enaahment of the vegetation edge could

cometo the golf linksas soon a2030 andhe caravan park as soon 2850.
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Golspie & Coul Anticipated Vegetation Change |
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S 2018-2050: -103m (-3.3m/yr)
2050-2100: -225m (-4.5m/yr) OS aerial survey (May 2016) | Coul
obtained via the Dynamic Coast
project. Crown Copyright (&DB
rights) 2020 OS 100017908.
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—

Figurel2 Anticipated shoreline change using modified Bruun rul&émgetation Edge

Figurel3depicts the anticipated erosion and coastal evolution of Golspie and Coul using a different model: the Coast
Oneline Assimilated Simulation To&@¢SMoSCOASTVitouseket al.,2017).CoSMoSCOASTS forced by the RCP8.5
95"% sea level change scenarios within UK Climate Projections 2018 (UKCP18) and modteis Ishgreline
migration due to sea level rise and includes wavigen alongshore and cros$iore sediment transportrpcesses.
Validated with recent shoreline position observations from Dynamic Coast, shoreline change is then modelled to 20t
and 2100.The amount of sediment transport and therefore erosion and MHWS retreat simulated by this model is
highly dependent ontte coastal typethere is generally more retreat predicted across soft undefended cibwast
gravel and hard armouring such as directly in front of kbe track and Golspie towriThere is a maximum 60 m of
MHWSadvancefrom present2100 along south Golspie aiidd m MHWS retreat along north Cosliggesting &N
longshore transport of sediment simulatetlD m retreat is predicted south of tHert track anda maximum 40 m in

front of Golspie town north of the piefThe retreat in front of Dunrobin Castle is 16 m, which does not take into
account the presence of the vertical sea walls but nonetheless lies beyond them, sugtiestieyation of these sea
walls will become more important with aggressive SLR in the fufiire.average retreat across Coul Links is 2Bun

is11 macross the front of Emb{possibly due to the shingle armouring along the Vegetation Edgecaidlatform

further offshore).
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Figurel3 also includes the Dynamic Coast (20trm@ar projection of recent MHWS recession ratesSRIoSCOAST

predictsdifferent changethan the linear projection of current erosion rates beca@@SMoSCOASTNcludes long

and crossshore sediment transport (not included in the first phase of Dynamic Coast (2CbBMoSCOAST also

adjusts its parameters to regular inmf historic MHWSobservations in order tanore accuratelysimulate future

MHWS changeHowever, the irregular timmgaps of shorelindsom Dynamic Coast phas€1890s to 1970s and 1970s

to Modern) mean CoSMeSOAST can make only limited adjustmentdgariodelled erosion rates and only partly

capture the actual rates observed over the last decade. The result pesdut agreement with anticipated direction

and trends in and Dynamic Coast (2017), but with an overall underprediction of known recession.

Golspie & Coul Anticipated Coastal Change

Legend

— — - 2018 MHWS (OS)
CoSMoS-COAST

Predicted MHWS

—— MHWS at 2100

[ MHWS at 2100 Uncertainty

DC1 FutureLook at 2100
I Erosion

Erosion Influence
7/, Erosion Vicinity

Golspie
0 250 500 750 Metres
I —
OS aerial survey (May 2016)
obtained via the Dynamic Coast

project. Crown Copyright (&DB
rights) 2020 OS 100017908.

'Dynamic Coast

Coul

0 150 300 450 Metres
— —

Figurel3 Anticipated shoreline change usi@gavioSCOASTodelling

Figurel4 shows the same CoSM&DAST MHWS projections, but compared against the Modified Bruun MHWS

projections. The effect that thigregular time gaps of shorelindéom Dynamic Coast phasehave on the amount of

erosion able to be simulated is also apparent here; the overall treatdésof widespread erosion, but with some

sections in disagreement over the amount of erosion simulated. In order to constrain uintgitathe CoSMoS

COAST sediment movement calculations, the latest MHWS lines are used as validation and not as actual calibratio
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for the simulated MHWS to shift to. Therefore this modelled shoreline can be thought of as a futweabest

scenario whereerosion has not been currently present.

Golspie & Coul Anticipated Coastal Change
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Figurel4 Anticipated shoreline change using CoSMIGEAST modelling with Modified Bruun Rule MHWS predictions for comparison
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SociaMulnerabilityClassificatiotndex
For detailed methods and reporting on the approach taken below, the reader is directed to theidadnnex Work

Stream 6¢Mapping Coastal Erosion Disadvantage/v.dynamiccoast.com/repor)sThe Golspie and Coul supersite
emerges fromwithinth&d + L | a 0 SAyY 3 imtérhslotsécinfulderabillydoicdadtad ghangEigurels).

The slight resilience of the communities residing within the Golspie and Coulsitpappears to be based upon
communities emerging from within th8G/I analysis as having slight levels of resilience, particularly, in relation to the
domains of populaon and sustainable communities.

Golspie and Coul emerges from amongst all the sgjges within the study as the most resilient within the domain
2F LRLIA FdA2ya yR WadzadlrAylrofSeo | 26SOSNE  O2périsieR 0 dz
AyOf dzRS f 26SN) NBadz 6a 6AGKAY GKS FASER 2F aqaiAifttasz
prosperity.

The communities within the Golspie and Coul sugita area also emerged as displaying seaidtherabilityin relation
020K AAO0OFE FyR YSydlt | $tisthéréorerusdBrstdodthat tie Hdpyiddien rebidingld Del &
areas of the Golspie and Coul areas have higher levels of individuals living with activity limiting heaétmprmbl
disabilities and therefore the community emerges from the CEVI analysis as displaying less resilience in this dome

than in comparison to domains such as population and sustainability communities where they are stronger.

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