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

and flood risk management, including Angus Council (AC), Scottish Environmental Protection Agency (SEF

NatureScot and local partnersdvitrose Golf Links Limited (MGLL) and Montrose Port Authority (MPA).

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 contextuallarmation and methods within a technical summamhichincludes
key results The report iglesignedto be viewed alongsidéhe National Overview andnline resourcesvailable at

www.DynamicCoast.com

Acknowledgements
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Executive Summary
1.

The coastl sand dune ridgewithinMontrose Bayprovidea natural erosion and flood protection role to th
interior land behind the dunes. Howevéhe dunes at Montrose Links (adjacent to the golf couese)the
dunes and the beackisewhere aranow eroding atdster rates tharthey have in the past

Whilst much of the southern part of thdontrose Linksluneridge ishigh, several lower corridors through
it provide access to the interior to flood waters. Whilst these areas are at low risk currently, as dea
O2yAydzS (G2 NRAS GKS A1 StAK2260yefentBecanstrs yedenti
by 2050 and a 10 yr event by 2080nchecked, present coastal erosion is expected to access two addit
flood corridors within 23 years and a fourth within 6 years.

The Dynamic Coast team and Angus Countib have responsibility fomanagingcoastal erosionhave
devised a thredold straegy to manage these increasing threats. Firstigent works aimed at raising th
internal elevation along thesesouthernflood corridors would enhance the sherm flood protection
provided by the dunesThis allows, secondly, tteevelopmentof detailed proposals to manage flood ris
over longertime periods (i.e. develop a Flood and Erosion Risk Protection Schanwelastly develop
broaderadaptive approaches defined within the SMP2 (i.e. develop a broader adaptation plan for Mol
and Montrose Links to support sustainable developmenth parallel with these adaptive approache
£ GSNY I WRANIABKSBY 1 Q a0KSYSE YIe | faz -es stedi
The preseny high and quickening rates of erosion at Montrose Links, provide a spotlight on future c¢
management issueisicreasinglybeing grappleeith around the world. In the absence (fr until a mega
nourishment scheme is implementgdhe high rates of ersion mean that terrestrial lardse planning must|
safeguard the accommodation space (area in beach system is expected to move) to ensure future
L F YYSNBEQ 2LJiA2ya NB dzyO2yaiNIAySRI gKAfalh
Within the coming deades, onsiderable change is also anticipated within the dgimg areas of St Cyru
National Nature Reserve, whiglte beingshould be considered further yatureScot Whilst substantial
changes mayaise fundamental questions over site managemexttgmpt to maintain existing designated
features or anticipatéuture change the evidence base herein provides the foundations for dynamic na

conservation into the futuregensuringmanagement is futuresmart, if not futureproof.

dza A
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Introduction
Thisreport sets outsomeResilience and Adaptation Options for Montrose Bay (AmguisAberdeenshirgFigurel)

and reflects the shared view of Dynamic Coast, Angus CounciNanaeScot for the area between the rocky
headlandsof Milton Ness in the north to Scurdie Ness in the soutitiudng St Cyus National Nature Reserve
(northern third of the bay). The investigationgncernthe open coast, and do not include the Montrose Basin coast.
The report aims to support key partners in their planning for anticipated increases in the threats of coastal erosion
and flooding. Thé&xecutive Summargnd Technicabummarybelow are not intended to be precise predictions of a
certain future, rather they are scerias based on a realistic and precautionary interpretation of available evidence.
As sucltheyshould not be interpreted as management decisions in themselves, but supplementary evidence on whicl
organgations and landowners may choose to act on now anthéfuture. Theinformation here allows government
agencies to improve coastal erosion risk framing within policy and practice, allowing more coastal erosion resiliel
decisions to be taken andeliver their statutory requirements. Businessesy use thisreport to identify risks and

opportunities to improve business continuity.

NationalCoastalContext
¢KS HAMT 58yFYAO /21al LINR2SOG Lzt AaKSR || NBOASE 2

erodible coastDynamicCoast.cojnlt showed that the period since the 1970s has seen a 22% fall in the extent of
{O2Gf yRQa &aK2NBa I OONBGAYy3a aSIHglFINRaz | odz AYyONBI a

the average erosion rate to 1 m/yr. This coastal response isstensiwith climate change and is expected to

quicken as sea levels continue to rise.

The latest research (Dynamic Coast phase 2) incorporates new tidal surveys and shows that erosion is currently
affecting more shores than was the case in 2017 and aatiegpthat by 2100 accretion will be rare and erosion will
dominate much of the soft coast. These projections are based on the high emissions sea level rise' acgehario
FYGAOALI GS 23SNI mko 2F {O20Gf yRQa&a theehdoftexéntuyTheé Af f 0o
increased threat of coastal erosion also increases the risk of coastal flooding, so that planning ahead for coastal
change, both inland and at the shoreline, is both pragmatic and nece$saryrurther details see National @view

and Technical Annexes for Work Stream 2 and 2RAv(DynamicCoast.com/reporks

LocalCoastalContextand AnticipatedChangeat Montrose Bay
As defacto landowners of Montrose Links and authors bé tShoreline Management Plan 2ngus Councidre

empowered under the Coast Protection Act 1949 and Flood Risk Management (Scotland) Act 2009. Given thi

Lt OdA F SR OKFy3S G2 alSly 1 A3IK 2FGSNI {LINAYy3I&sS o6FasSR 2y |
i2Q TAIANBO &
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overarching interests, #gus Councihre working closely witlthe Dynamic Coast teamo integrate dat and advice
provided, alongside otherto better inform broader and longeterm aspects. The second focus area within the super
site is the National Nature Reser(dNR)that extends northwards from the mouth of the River North Esk and, as

landowners of the NNR, NatureScot are in close liaisonByittamicCoastand AgusCouncil

Coastal erosion has occurred within sections of Montrose Bay over at least the last 130 years, with erosion dominatil
in the south and accretion in the northparts of the bay.The changes have been monitored astchtegesoutlined
within AngusCounci® Shoreline Management Plaf2004 and 201) Dynamic Coa$l detailed assessments (below)
show erosion is quickeningcross parts of the beaclPreindustrial sea levels werstable here, though latest
projections expect Montrose to experience up to h®f sea level rise by 21QRCP8.5 95% figur&ea level changes,
alongside other factorsuggest erosionwill expand to affect most areas and quicken in rate over the coming decades.
Dynamic Coast research anticipates the beach at Montrose to retreat 8roin the next 30 years and up 250 m

by 2100, assuminthe absenceof resilientsubstrates to curtail aosion. At the northern end of the bay, St Cyrus is
expected to retreat up t& m over the next 30 years and up%0 m by 2100In addition to the landosses associated
with erosion, direct coastal flooding is expected to impact low lying areas of thesdn the coming years (through
wave overtopping via lodying gaps in the dune cordon). As the dunes continue to erodiéh erosion and erosion
induced flooding risks and impacts increase. For example, existing buildings, such as those immediaggiytadjac

the golf course and on the north side of Traill Drive are likely to be affected by ermesated flooding(Tablel).

FutureResilience and Adaptatiétanning

Dynamic Coast provides the evidence base to assess current and future coastal erosion risks for local governmen
make riskinformed decisions and policy instrumeni®he genericcoastal risk management and adaptation options

can be accessed in thdational Overview Repoiiivww.DynamicCoast.com/reponsbut their applicationin the

context of Montrose is listed in Table1 below. Theselie along a spectrum frongdoing nothing or non-active
intervention; accommodat erosion by adapting development plans and relocatiexisting assetgrosion resist
either usingtraditional engineering structuresr nature-basedsolutions such as beach feedipgnd by advancing the
coastseawardsperhaps using artificial offshore structures largescale beach feeding (sand motgsee National
OverviewReportfor context). Tablel outlinesthe past erosion ratesbservedat Montrose Bayandidentifies both
areas at greatest risk and managememtd adaptation optionsAll risk management and adaptation responses
require robust appraisal to allow organisationsattowbetter management ofoastal erosion risandimprove societal
and ecosystem resilience.

Coastal erosion, flooding and erositglated flooding are condered the key risks impacting Montrose Bay now and
in the future.Whilst responsibility for coastal erosion lies wigmélowners Local AuthoritiegLA)have responsibility

for, and powers to address, coastal erosion and flooding. LA also have shared powers under the Flood R

10
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Management (Scotland) Act 2009 and the Climate Change (Scotland) Act 2010, including a statutory duty to report
climate changeadaptation progress. Guidance on planning for coastal change can be faredSNH, 2019).
Consistent with a Shoreline Management Plan approach (and the Angus),3ftiR2e2 and Table1 sub-divide
Montrose By into management unitireas to identify coastal erosion risk and management approaches to improve
resilience of natural and societal assets in the sienn as well asadaptation options to improve lonterm
communityresilience Eachmanagement optionn Montrose will have differing impacts on sediment 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 te coastal edge. Montrose has both
urban communities and rural areas which have been subject to ongoing erosion and where traditional, har
engineering erosiomesist management options have increasingly required costly replacement or répdirese
points and elsewhere,dachlowering and retreahas weakened the natural capital afforded by the beach and dunes
(such as natural erosion protectignirgent action is requiretb restore this natural capital

( \ It is important to note that many of the adaptation options presented
As climate change quickens erosion

and increases flood risk, our attention
needs to shift from shorterm be takennow, to providethe physical and policy spaceeededfor
engineering choices at the coastal
edge, to dynamic adaptationdand-
managementinland, to enhance
\ social and economic resilience) dunes inland of their present positiorFor example, if planning

in Tablel and associated text requirgrategic planning decisions to

the future. This includeproviding spacefor relocaton of assets to

inland risk-free sites but alsospace for accommodaing beach and

permission is granted now for assets or infrastructure on land that
may be at erosion risk in the future, the opportunity for future landward adaptation to occur is constrained, d®@com
more expensive, or boti.andbased strated plans that account for future risks are needed when planning today
(eg] 20t 5S@St2LSyd tftlryaos G2 ONBFIGS FyR al ¥S3dz »

adaptation with minimabkocietal impact and costoncepts acknowledged withitné National PanningFramework4

andrecentlyrevisedNationalLand Use Strategy

11
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Figurel Location mamf Montrose Bay. Grid squares are Easting ¢  Figure2 Management unit areas for Resilience and Adaptation
Northing of size 1 km x 1 km. Crown copyright and database righ Options. Labelling relates to optionsTiablel.
2021 100017908.

Resilience an@daptationOptions at Montrose Bay
Table 1 outlines the management optionsalong the coastwvhich are recommended tde consideredalongside

dynamic adaptational landse planning aspectsland

12
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Tablel Rskmanagement, Resilience and Adaptation Options for Montrose®agsk NE 3INB dzLJSR o6& Yl ylF3ASYSyd dzyAdz LI ad FyR | ydAOALkeimdRiondste ofitith€da | £t 2y JaARS WR2 y20KAYy3IQ AYLI AOI GAc:
Management Shore Coastal 6Do not hikelyggd6Short ter md optomsdtgienpreve short- . - . . -
Uni Character & N e e o 0Long ter md man aeimgrove lorggerm regilience)
nit Area Assets Changes Implications term resilience)
For both A and B: ) Non-Active Intervention: In addition to continued deployment of short term options:
For both A and B:
Low Water Increased sediment flux | 1. Monitor change/no intervention: Squeeze, beach Non-Active Intervention:
18821 1982: into navigation channel lowering & loss of natural sections of amenity beach. 1. Monitor change/no intervention: Squeeze, beach lowering & loss of natural sections of amenity
40 to 270 mloss | with further depletion of | Accommodate Erosion: beach.
A) Rock 1970i 2018: Annat Bank (served in 2. Develop Dynamic Adaptive Policy Pathway, to Accommodate Erosion:
Area 1 ar)mooucr and 7510 360 m loss | 1€ Past as a sediment enable existing assets to be adapted / relocated, if or 2. Realign vulnerable assets (2050):toavoi d future risks anderasienduc
Montrose Port seawall High Water sink/partial barrier 1o when their present location become exposed to erosion resistd o pt i o n skeypats, gr moraftmad vulnerable assets, within the Port, GSK site (on-
to Traill Drive fronted by _9_ sediment flux to /ro_odlng _rlsks. Ch0|ce of timing is dependant on locally site relocation of more vulnerable assets (offices) to safer areas).
: 1 narrow sandy 18901 1970: channel). defined trigger points, space on land needs to be 3. Realign vulnerable assets (2050): Non-strategic assets (Caravan Park, recreation area & road)
intertidal 40 m gain safeguarded for options. relocated to lower or risk free sites; defences removed to allow dune to revert to natural (dynamic
B) Harb 19707 2018 Continued foreshore Erosion Resist: blue/green edge rather than sea wall).
G)SKarI Olir’ 201050 m | lowering and 3. Enhance defences (01 20 yrs): Direct defences 4. Develop Dynamic Adaptive Policy Pathway (0-2050): Enable existing assets to be adapted /
plant, {000 m0ss steepening, landward constructed, set back from quay wall at both the relocated if present location is exposed to erosion/flood risk. Timing dependant on locally defined
! Heignt change retreat o an orthern and Ferryden Harbours to protect low lying trigger points, space on land needs to be safeguarded for options.
g::zvan Height change retreat of MLWS and North d Ferryden Harb low lyi i i land needs to be saf ded f i
Artificial shore Roadwa Foreshore increasing wave properties from“coastal flooding. Erosion Resist:
Splash Y, 20097 2018: pvertop_plng rlsks, 4. Feed beach (0i 10 yrs): Short-term local enhgncement 5. Combined enhanced defences and beach feed (2050): Direct defences set back from quay wall
olaypark 0.5-1.5m lower increasing erosion and of whole beach. profile to improve naf[ural_reSIIIence of at Northern and Ferryden Harbours, fronting beach nourished with sand and gravel to maintain
Vegetation Ed flood risks. the beach fronting qgfence?, and Traill Drive. amenity and reduce wave impact on existing structures.
eqe"a lon Edge _ _ 5. Reprofile beach (0i 5 yrs): Short-term local 6. Enhance defences (2050): Port requires marine quayside access so if port is to remain viable
19007 1970: Reduction of amenity enhancement of upper beach profile to improve natural repair and raising of quay-side assets is inevitable. GSK site is of strategic importance and
<40 m loss beach and access resilience of beach fronting access at Traill Drive. costly/impractical to relocate. Continued operation of GSK requires enhancements of existing
19707 2019:stable points. defences to manage growing risks.
Non-Active Intervention: In addition to continued deployment of short term options:
1. Monitor change/no intervention: Retreat of natural Non-Active Intervention:
Low Water isses(.jézns of amenity beach, retreat may lead to access | 1 Monitor change/no intervention: Retreat of natural sections of amenity beach and dune cordon,
T : ; ' retreat may lead to access issues.
5 " 13?)2' 1|982' O”Q{ﬁ'”g EUt rg_ducetdﬂ Accommodate Erosion: Accommodatg Erosion:
une ridge ~70 m loss southward sediment flux . . . :
fronted by 1970i 2018: to navigation channel 2. Devte):llop Dynamic AdaptB/e F;ollcde;atwway, ;0 " 2. Relocate golf course assets (2050): consistent with SMPs, already initiated on loss of tees.
Area 2 wide intertidal | _70 m loss with further depletion of enable existing assets to be adapted / relocated, If or Relocation inland as accomodation space needed to cope with future erosion, flood risks: golf
Mreat se Golf | sand beach. o Annat Bank (served in when their present location become exposed to erosion courses are not fixed assets and could be relocated to risk free sites. Potential erosion-related flood
ontrose 0 Rock armour | High Water the past as a sediment / flooding risks. Choice of timing is dependant on locally risk remains via dune corridors into golf course. Any modification of dune may require partial
Links at path to 19027 1982- sink). defined trigger points, space on land needs to be relocation of the course.
beach in 20 m loss Continued foresh safeguarded for options. 3. Set-back flood defences along inland route of Traill Drive (2050): Elevate Triall Drive to provide
south fronted | 19707 2013: |08\,ne;?nuean3res ore Erosion Resist: flood barrier for town for flooding via golf course, which may also provide direct link from the Port to
by wide sandy | 20 to 50 m loss steeper?ing retreat of 3. Dune cordon repairs (NOWi 5 yrs): Urgent need to airfiled development. _
intertidal. 2013i 2018 MLWS and,increasing maintain protection provided by the seaward dune 4. Feed beac_h (2050): Long-term local to mega—scale beach nourishment programme to en_hance
Golf Links, 12m wave overtonbing risks cordon at key low points to reduce the short term risk of beach profile and dune cordon to maintain natural protection over the long term, reduce risk of
Residential 0SS _ pping o a breach giving flood access to dune corridors and breaching and erosion-related flooding. Feed may range in scopef r om 6on beacho
! and Non- Volume Reduction of amenity interior. Immediate remodeling of dune cordon needed 0 wh o | escaeangga Bourishment program (akin to Sand Engines used in the Netherlands).
Natural shore, Residential Foreshore beach and access to match adjacent dune topography. 5. Develop Dynamic Adaptive Policy Pathway (0-2050): Support existing and future assets to
apart from Property. 20091 2018: points. Foreshore & 4. Extend defences (0i 20 yrs): Direct defences (e.qg. anticipate future relocation, requires mechanisms created to facilitate transition, along with other
armoured path Former 0.5-1.5m lower beach lowering, dune boulder revetment) extended north from Traill Drive and legislative/policy mechanisms that promote (Local Development Plan prioritising adaptive
onto beach Airfield, Vegetation Edge | '€¢€sSton. short-term (5 Splash Playpark to protect dune cordon and corridors businesses etc). Other policies may also need support (Protected Habitats, etc). Public and
. 2010 2015: years) erosion-related from ongoing erosion. stakeholder engagement to prepare for coastal change.
goterlmal A I ' ﬂr?Od ”ﬁk via corridors | 5. Feed beach (0i 10 yrs): Short-term local enhancement | Erosion Resist:
evelopmen m loss : : ”
P 20151 2019: Eers(::)uegciaﬁ;ri]r?ssouth) of whole beach. profile to improve natural resilience of 6. Extend defences (2050): Direct defences extended north from Triall Drive and Splash Playpark to
' ' the bea_ch fronting the dun? cordon. protect dune cordon and corridors from ongoing erosion.
8.4 m loss 6. Reprofile upper beach (01 5 yrs): Short-term local

enhancement of upper beach profile to improve natural
resilience of beach fronting the dune cordon.

Advance:

7. 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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Mapagement Character & Coastal N 0 D9 N Of* hikety g ¢ 6 Sh ort termo optwmsgtg iepreve short-term 6Long termb6b management o fgemresilisncd)t o | mpr ove
Unit Area Assets Changes Implications resilience)
Low Water Non-Active Intervention: In addition to continued deployment of short term options:
18821 1982: 1. Monitor change/no intervention: Retreat of natural sections of Non-Active Intervention:
Forestry and | 36 m gains amenity beach and dune cordon, retreat may lead to access 1. Monitor change/no intervention: Retreat of natural sections of amenity beach and
Agriculture 1970i 2018: A ISSues g‘ izxpEchurg of built assets. dune cordon, retreat may lead to access issues and exposure of built assets as beach is
: ccommodate trosion. narrower and landward of earlier position.
. Some disused | ~ . . . - X
ﬁ'rr?;l;t;er Links | buildings ,70 m loss E)?/\ngi?\gredﬁcngeam 2. Develop Dynamic Adaptive Policy Pathway to support existing Accommodate Erosion:
to North Esk within dunes, | dhWater recession, short-term (5 and future assets anticipate future relocation as per Area 2. 2. Set-back flood defences (2050): Provide barrier to overland flow across dune interior
=g | GoOlf Links, 18901 1970: years) erosion-related | Erosion Resist: towards assets during extreme events. To be deployed alonside NAI (above).
' / Residential ~7 m gain flood risk via corridors | 3. Extend defences (0i 20 yrs): Extend defences (e.g. boulder 3. Development of Dynamic Adaptive Policy Pathway (0-2050): to support existing and
and Non- 1970i 2018: through dunes (esp in revetment) north from Traill Drive to arrest further dune erosion, future assets anticipated? future relocation. Currently agri-forrestry, this area may
Residential <11 m loss south). North Esk structure end problematic flanking and changing provide accomodation and relocation space for adjacent areas, but any development
Property. Retreat of i channel. plans here should be aware of potential increased erosion risk and resilience loss.
r meni : ot
Former Volume beeaceha oramenty 4. Feed beach (0i 10 yrs): Short-term local enhancement of beach | Er0sion Resist:
. Airfield and Foreshore ' profile to improve natural resilience of fronting beach. 4. Extend defences (2050): defences extended north from Triall Drive and Golf links to
Natural shore potential 20097 2018: 5. Dune cordon repairs (015 yrs): Maintain protection of dune protect dune cordon and Kinnaber Links from ongoing erosion. Defence structure end at
development | 0.5-1.5m lower cordon to reduce short term risk of breach in frontal dune to give North Esk exit will be problematic due to changing channel and flanking.
sites. Vegetation Edge flgpd actcess to dune corridors. Remodel dune cordon to match Advance:
adjacent. . . . . :
201371 2019: 6. Reprofile upper beach (0i 5 yrs): Enhancement of upper beach > ?ggg?enﬁ:; 'jfhggsqééi?g?e)égﬁ 2\?12gér%l;?(fnt?eslg?gcljnﬁovggiﬂd benefit the entire bay and
<3.5m loss profile improves the natural resilience of the fronting beach. 9.
Non-Active Intervention: In addition to continued deployment of short term options:
Low Water 1. Monitor change/no intervention: Retreat of natural sections of Non-Active Intervention:
18821 1982 amenity beach and dune cordon, retreat may lead to access 1. Monitor change/no intervention: Retreat of natural sections of amenity beach and
' issues & exposure of built assets. _ dune cordon, retreat may lead to access issues & exposure of built assets.
~20 m loss Fores_hore &_beach 2. Proactive forward planning of _habltat manage:ment: Pro_wde 2. Proactive forward planning of habitat management (0-2050): Provide accomodation
19707 2018: lowering, switch from acpomodatlon space for ke_y habitats, and proactive relocation of space for key habitats, and proactive relocation of built assets within NNR .
~20 m loss beach accretion to built assets Wlthln NNR (bridge). Accommodate Erosion:
i beach and dune Accommodate Erosion: ) . . .
High Water recession. short-term X ) ) o 3. Set back flood defences (2050): Provide barrier to overland flow adjacent to property
NNR 19011 1974 erosion-related flood 3. De&/?kip Dynarrzlc Agapt't‘/ef Ptollcy IIDathtWay to supAport e2X|st|ng (NNR visitor centre) to interrupt flood waters during extreme events.
: - - - and future assets anticipate future relocation as per Area 2. ; i i i 3
Area 4: St Cyrus | vigitor centre | <12 m gain risk to NNR via former | £/ ion pesist: " exiting and Lt assets anicipate futtne relocation. Wit this area i cutently NNR
(North Esk to and walkway . . North Esk channel : g . b : ' : iy
Milton Ness) vl 19741 2018: route. Loss of amenity 4. Dune cordon repairs (07 5 yrs): Maintain the protection provided and agricultural it may play provide accomodation space for adjacent (recreational and
Sktj f|s_rj[|r:1_g <50 m gain dunes and beach. by the dune cordon to reduce any short term risk of a breach in o';]herl)dak;:twltles,_ hovtve\f/(_ar any plgns or_repa_wlf to SX|st|_?g assetst_ln their current location
dunes. %?:ore 5. Reprofile upper beach (0i 5 yrs): Short-term local enhancement | Erosion Resist:
j Forestry and > Foreshore & beach of upper beach profile to improve natural resilience of beach 5. Insert new defences (0i 20 yrs): Direct defences (e.g. boulder revetment) extend south
| 5 Agriculture 20091 2018: lowering, dune fronting the dune cordon. to North Esk exit. Defence structure end at North Esk exit problematic with changing
Natural shore Some disused | 0-4-0.7m lower recession, short-term 6. Feed beach (07 10 yrs): Short-term local enhancement of whole channel pathway and flanking.
idi ; erosion-related flood beach profile to improve natural resilience of the beach frontin 6. Enhance flood barrier (2050): Flood bund constructed across south end of NNR to
buildings. Vegetation Edge Sk Vi id P P 9 - :
1900i 1970: rnskvia corridors the dune cordon. isolate old channel of North Esk and separate NNR wetland and dunescape from
! : through dunes. Loss of | 7 Build flood barrier (0i 20 yrs): New flood bund constructed marine and fluvial flood access via North Esk.
<40 m loss amenity beach. across south end of NNR to isolate old channel of North Esk to 7. Combination of beach feed and enhanced flood barrier (2050): Options 6 and 7
19707 2018: separate NNR wetland & dunescape from marine flood access via above combined to isolate North Esk old channel flood access and enhance St Cyrus
Gains North Esk. beach sediment budget.
. 8. Insert new defences (0i 20 yrs): Direct defences (e.g. boulder Ad .
2018i 2019: advance.

Stable/erosional

revetment) extend south to North Esk exit. Defence structure end
at North Esk exit problematic with changing channel pathway and
flanking).

8. 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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This section brieflyexpandsby area and management optisyon some othe key pointsemergng from Tablel. If
Non-Active Intervention(NAI) is the preferred policy option at Montrose, then beach and/or dune cordon erosion or
lowering will continue to occur, in both the short and letegm. At Montose, there are no recommended options to
Advancethe current coastal position usirggosion resisoptions (i.e. offshorgraditionalengineering structuresuch

as breakwaterns However, e of a largescalenature-based erosion resist option, such as anega nourishment
programme(or sand enginewould benefit the entire bay anenable the current beacbune position to be advanced
seaward Depending on the volume of feexthd renourishment programmethis would provide an engineeretut
nature-based solution to erosion for the entire bayto the longer term All other recommendecerosion resist
measuregnature-based and traditional engineering) would be applied to specific areas of the bay as detaidydien

( \ 1 and summarised below. Importantly, in all areas where any &lgance
The greatest societal resilience

or any type oferosion resistmeasures are implemented in the short and
and lowest costs for Montrose

will occur when coastal risk longerterm, it is recommended that lanrbdased policies are adaptatbw

management decisions are to accommodate erosionby restricting future new (or regenerated)
made alongside adapting lard

based policies now to
KaccommOdate future erosion.) forecast to be eroded by 2100r significantly impacted by erosieelated

development of permanent infrastructure, housing or industry in areas

flooding This makespace for beacldune systems to respond naturally and
dynamically to coastal climate chanigepact,such as sea levelrise Y R | G2 ARA-AF A QA S @ YA YRA:
amount of permanent development (i.e. conventional bricks and mortpesinitted in areas at risk. Shoeterm
economic benefits in these areas can potentially occur through innovative measwieslingpermitted temporary
development, such as assets that are demountable and/or carlbeatedinland as landward erosion expands and
guickens.
Landbased adaptation mechanisms are recommended for all areas to accommodate erosion by facilitating landwar
retreat of natural beactdune systems and assets on land. For examphkséas 1 and 2he natural capital is retained,
and loss of amenity beach reduced;Aneas 3 and 4he future relocation of any newlevelopmentis avoided for
areas of erosion riskltherecommendtion isthat landbasedpolidesare developed to support adaptation of assets
and activitiesaway fromareas itand of coastal stretche&lentified for NAK a twin-track approach where adaptation
is planned simultaneously with a NAI coastal risk management approach.
Areas 1 and lave substantial existing assets dhi recommendad thatplanningis requiredto reduce erosion and
erosionrelated flood risk to existing infrastructureaihdowners along with bcal to national governmengction is
needed to identify policy and funding mechanisms to facilitate landward relocation of existing assets (e.g. promenad
and playpark in Area 1 amblf course holes in Area 2Jobd risk alleviatiomeasures need undertaken where existing
infrastructure is at risk of erosierelated flooding, such as moving or laraising those assets.¢grelocating or raising
officesand plantto reduceflood risk on the GSK site)o Thanage erosion risk&yrea 1has existing hard erosion
structures andveakcurrent natural capital, withew short and longterm sediment and naturdasederosion resist

options. In this area it is recommended that a comhima of sediment and/or naturdased approaches to managing
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erosion risks and landased accommodate erosion policies are used to reduce the use of additional hard erosion resis
options. Where hard erosion resist measures are necessary, finesdd becombined with natural and naturéased
erosion resist and lanbased adaptation measures. This may offset the high cositrofctural erosion resist
techniques and the known riskesd adverse impactsf using these methods in isolation.

Area 2has many similarities to Area 1 but presents more opportunity for sediment and nbaged erosion resist
options such as beach feeding, the relative scale of which would strengthen short and mtstimnmatural capital
FYR NBAATASYOSFSOKAZ cBsiaRiddasie® duyha (6.g. access roads and golf course holes)
of Area 2while landbased adaptation plans can be agreed and implemented beafwee directerosion of these
assets occurs. This would improve business continuity for important golf and tourism assets and safeguard curren
available landward space.

Areas 3 and dave the largest range of potential risk management and adaptation options, dwitlge fewest
number ofbuilt assets at the coast, or inland. There is thus physical space on land behind the existing coastal edge
accommodate erosion and erosigalated flooding now and in the future. The key recommendation is to safeguard
this spaceand coastdo accommodate future erosion with the least societal impacts, through proactive adaptation
planning now to limit future development and agree arrangements to méieiskQassets landward as part of
development and asset maintenance plannifegg. the Nature Reserve Visitor Centre Area 4 if it became
threatened by erosion or floodingPlanning for this nofin advance of theetreat will improve business continuity

and reduce future costs, and also provide adaptation space for assetmthatequire future relocation fronAreas

1 and 2 Naturebased erosion resist measures can be used in parallel in the short antelomgsuch as for nature
conservation purposes. If erosion resist is chosen as the preferred option, then risks of elesiwhere in the bay
from this decision would need careful, detailed study to assessdhsequentiatisks prior to approval.

Proposed approach

Angus Council SMP2 remains the formal policy approach for the Bay, however in support of the southerrofection
Montrose Links (Area 2 ifiablel and Figure2) the Dynamic Coast team anddg\rs Council (who have responsibility

for managingcoastal erosion) have devised a th#edd strategy to manage these increasing threafsstly, urgent
works aimed at raising the internal elevation along these southern flood corridersuld enhance the shoitierm

flood protection provided by the dunes. This allowscondly, the development of detailed proposals to manage
flood risk over longettime periods (i.e. develop a Flood and Erosion Risk Protection Schemdgstindievelop
broader adaptive approaches defined within the SMRi2. develop a broader adaptation plan for Montrose and
a2yiNRP&aS [Ayla (2 adzZl2NI adzadlAyrofS RSGOSt2LIVSYGoa
y 2 dzNJR & pfoje@smayalso kb explored as an alternative future lomgrm strategy which may form part of the

operations in developing Blood and Erosion Risk Protection Scheme
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Technical Summary

Methods

Identification of Flood Protection Features

High resolution Digital Elevatiolodels (DEMs) were automatically analysed to identify the extent of the coastal
barriers protecting lowlying areas of flood risk. Regular shov@mal profiles were extracted at 10 m intervals along
the DEM and analysed to identify the width of barrierdavolumes of sediment above key flood elevations. These
Ftf268R LRGSYGAIE ONBIOK LRAY(Ga (2 0685 ARSYGAFASR I f
profiles were then extended along the low points of potential flood corridorsrtabtée detailed topography to be

compared with anticipated flood levels.

Anticipated Shoreline Recession due to Relative Sea LeveMRdiéied Brunn Rule

Relative sea level rise is expected to exacerbate rates of erosion of coastal barriers, witlokredtdcts 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 shoreline change prediction (Dean and Houstot
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 Erosion: COSMZTBAST

The Coastal Onéine Assimilated Simulation Tool (CoOSMBSAST, Vitousek et al., 201wgs adaptedo simulate
coastal evolution under the climate change scenarios presented by UK Climate Projections 2018 (UKCP18). The m
uses a procesbased approach to simulate shorai change via wavdriven alongshore and crosbiore 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 hindcastdawell as Ensemble Kalman Filtering
which assimilates the modelled shoreline to historic positions of Mean High Water Springs ovef tenfidly. The
forecast model was validated with recent shoreline position observations derived frorrdgghution topographic
surveys, satellite imagery and aerial photography. Shoreline change was then modelled to 2100 under low to hig
Representative Concentration Pathway (RCP) scenarios within UKCP18, encompassing factors such as anticip

changes in sea levase and wave actian

Vegetation Edge Analysis

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

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

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

Dynamic Cost developed a tool (CoastRay) to analyse the back catalogue of Sentinel 2 satellite imagery, using a
Normalised Difference Water Index, to demarcate areas which are always water (sea), alwaysteofand) and
areas which are intermittently water @nland (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 potential chasgo the extent and geometry of the foreshore

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

Mapping Coastal Erosion Disadvantage

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

{ 020Gt yRQ&a 02 YYdzy ) iisin§ Bynainiz Coag érasiin data f@MNIhe recany past (1970s) through
G2 wnpnod al LAYy 2F a20Alf GdzZ ySNIoAfAlGE Ay NBf I {A;
from 2011 and the latest data from the Scottish Index of Multiple Deprivation (2016 & 2020). Building upon previous
considerations of social vulnerability related to coastal erosion and floodingStinéal Vulnerability Classification
Indexis a derivative ofhat developed by Fitton (2015). It includes existing academic and policy literature concerning
coastal erosion and flooding vulnerability and identifies key indicators of social vulnerability to coastal erosion an
TE22RAY3Id LG aS&] ®dulntmamadd B2 NS EG SYRINRIOKQ 2 ARSYGATEA

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 changsigeraccretion), flood risk and coastal

erosion enhanced flooding.

Coastal Change
Summary

1. Beach lowering and dune face erosion at Montrose is ongoing and rapid, especially in the south. Ré®een
and 2018 the beach surface has generally lowebgchround 06 m, with upper beach typically lowering by
around 0.9m. The landward recession of the Vegetation Edg¢he southhas fluctuated between 3d
5.9m/yr over the last decade.

2. Whilst the eroding dune cordon at Montrose currently protects the -lgimg dune interior from marine
flooding, several weak points within the cordon are at risk of breaching in the-sdrant(within 35 years at
present rates).

3. The lowest of the dune breach points (4 mOD) are currently at risk from wave erosion depending

combinations of tide, surge and waves. As mean sea level rises into the future, waves approaching 5 mOD

expected to be more frequent with RCP8.5 sea level rise of up to 0.29 m bya206p to 0.92 m by 2100.
4. The potential flood corridors connead fow-lying areas identified by SERAbe at Low ProbabilityyCoastal

Ct22R wAal 6A0GKAY (GKS 332t F O2dz2NAS® felchbuilassets.y i A O A

5. Whilst partners consider resilience and adaptation plans, Angus CounodcheesstedDynamic Coast support
for emergency intervention, to provide time to develop broader plans.
6. These broader plans may involve dune enhancen®ntilar to beach recyclingnd reprofiling(e.g.Summary

5, SNH 200ut within the dure cordon as arapid andcost effective approach to increiag flood protection.

7. Other options include beach nourishment, initially using sand won from dredging in Montrose Harbour, but

with the progressiveaddtion of sedimentsourced from elsewhere.

8. Owr time, erosion has been commonplace in the south of the bay. However, historical and recent accretior

in the northern part of the bay at St CyruNNR now appears to be replaced by erosion, presenting

management issues.

The first phase of Dynam@@oast summased the coastal changes to the southern section of Montrose Bay (see page

20 ofCell 2 repor) between 1903, 1984ral 2013. The southersections of the dunes havetreatedby around 50m
between 1982 and 2013, whilst the northern part of the bay has advanced approximateipver the same period.

2 SEPA defineow probability as 1:1,000 year event or an annual exceedance (return period) of 0.1%.
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The secondynamic Coagthase, outlined below, benefits from OrdranSurveQ a@erial survey undertaken in May
2018, and updated by multiple vegetation edge surv&yhilst these are discussed in turn below, various interactive

tools are available withimmww.DynamicCoast.cofior the user/reader to interrogate the results.

ExistingTopography and Flood Levels witMontrose Bay

The natural dune ridge in Montrose Bay is approximately h@vide in the south and narrows northwards to a point
at the mouth of the River North Esk. The defended section of theAraa(1,south from Traill Drive) has a high level
of protection, afforded by the presence of coastal defences that extend to theobadmnd mouth of theRiver South
Esk(Figure3).

Montrose Bay Topography and Bathymetry .
0 025 05 1 j S ~4
e Kilometres ’ . Y
Crown Copyright (2DB rights) ;
2020 OS 100017908,

[ below 2
[12mOD
[12m0D
[J14m0D
[15mO0D
[l 6 mOD ’
7 mOD
18mCD
_E39mo0D

Dynamic Coast |

Montrose

MHWS 2.25
Highest Astronomic Tide 2.85
High Prob Surge (1:10yr) 3.24

Low Prob Surge (1:1,000yr) 3.4

2050 SLR 0.29

2070 SLR 0.5

2100 SLR 0.80

HAT & 2050 SLR 3.24

HAT & 2070 SLR 3.45

HAT & 2100 SLR 3.85

Low Prob Surge 2070 (1:1,000yr) 4.34
High Prob Surge 2100 {1:10yr) 4.24
Low Prob Surge 2100 (1:1,000yr) 474
1:50yr wave 4.49

1:100yr wave 462

1:200yr wave 405

o 025 05

Figure3 Topography, Bathymetrgnd key flood levels (mO@jthin Montrose Bay

NaturalCoastal Flood Protection Features within Montrose Bay
An automatederrain analysis has been carried auith the OS2018 DEM being analysed d fnintervals with key

attributes notedin Figure4. These include the extent of ridge features (identified from topographic high points),
potential flood corridors (from topographic low points), the presence or absence of cliff featntibe extent and
volume of barrier feattes at specific flood levels. Whilstrange ofkey heights are availahléhe overall relative

protective function of the duneordonis perhapsbest summarised by thdune width at 4 mOD this being the
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elevation of likely future flood levels combined with wave heights and explored withinRloedingsectionof this

report.

Montrose Bay: Flood Protection Features [/
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Figure4 Flood protection featureat Montrose showing the extent of thiearrier toe (grey box) antthe front points of barriers symbolised by
the width of each barrier at 4 mOBarrier toe width of narrowstbarriers is annotated alongside transect number.

Changesto Low Watein Montrose Bay

Figure5 shows the observed changesthe position ofMean Low Water Springsom Ordnance Survey mapping in

1882, 1988and 2018, cmparedwith the average low water position 2@t2018 derived from the Sentinel satellite

Coast XRay method Coast XRayaligns well with the elevatioderived OS MLW8f 2018 confirmingforeshore

loweringand landward retreat ofow water between the North and South Esk moutlsgure5 identifiesa much

reduced Annat Bank, the intertidal spiton the north side ofthe dredged navigation channel dfiontrose Port

Authority. Low water retreat has occurred @real, with the level of flood and erosion protection offered by the

artificial structures reduag over timedue toassociategshoreface loweringTo the north of Traill DrivéArea 2)ow

water has retreated70 m from 1882¢1988 (0.6 m/yr retreat) and 70 m from 1988¢2018 @.3 m/yr retreat).

Adjustments to theintertidal areaat the mouth of the North Esks complicated by the everhanging tidal bars,

howeverfurther northwards(Area 4)there is a general slow retreat of low water, typically @ landward retreat

between both 18821988 and 19882018.Coast XRay is evaluated further ifiechnical Annex W&7Coastal XRay

(www.DynamicCodsom/reports).
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1882 Low Water digitised from County Seried Maps.
1988 MLWS digitised from 1970s OS maps.

2018 MLWS recent update form OS MasterMaps
Coast X-Ray low water shows the 80% water
occurence, based on 2016-2018 Sentinel imagery.
There is a very close alignment between Coast X-Ra
low water and 2018 OS.
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1882 to 1988
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1988 to 2018
20m retreat

1988 to 2018
70m retreat
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Figure5 Change tahe lower beaclt comparison ofariousMLWSsurveys 1882, 1988 & 2018andLow water (80% water occurrence) from
CoastX-ray

Changes tblighWater in Montrose Bay
Figure6 shows the observed changes in planimetric position of Mean High Water Springs from OS mappd2g in 1

1988, a GPS ground survey DSM2#nd OS photogrammetric DSM from 2018. The DSM changeslsts®s and
gains to the upper beach identified by changes in surface topogrdphfrea 1, coastal defence structures have
arrested the landward progress of MHWS. However, to the north in Amadest retreatoccurred between 19D
and 192 (20 m), however betweenl98 and 2013 there wasbetween 3@65 m of erosionin places(1¢2 myr).
Between 203 and 201& further 12¢25 m waslost (2.4¢5 m/yr). Historic, recent and current erosion rates reduce
northwards towardKinnaber LinksThe changes around thmouth of the North Esk are more complex (due to the
additional sediment supply andver flows. Whilstmuch of St CyrugArea 4)hasexperiencedan influx of sediment
over recent centuriesa comparison between the 2013 and 2018 High Water Isw@ggestsa northerly moving
erosional trendwhich wouldreverse past accretionSuch clearcut characterisationsre likely to ovesimplify the
complex interactionst work, but at a future datea switch like thisis likely given rising sea levels arstgnating

sediment suppes.
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Figure6 Change to upper beachcomparison of MHWS (dates)

Comparison of the 2013 and 2018 DSMs allows quantification of surface lostes iatertidal foreshore (typically
between 0.5 and 5 m, and8 mat the retreating dune tog. At the south end of th&ay, at the harbour mouth the
intertidal Annat Bank shows limited recent (Bg2018) change (Figures 5 and 7), its 1882 volume and ek#aring
beenalreadygreatly diminished. Since the energy of storm waves at breaking point is depth dependent then foreshore
lowering will lead to an increase in wave energy at the upper beach. Where dunes are high then wave energy is bc
absorbed and ridected and may lead to ongoing erosion and further beach lowering. Where dunes are low and
potential breach points exist then the risk of overwash into the dune interior and landward areas progressively

increases as the decreasing footprint of the frogtishunes becomes increasingly compromised.

23



Adaptationand Resilience Options for Montrose Bay

Dynamic Coast
[><

DynamicCoast.com @DynamicCoasts

P 2009 SNH GPS survey along & seaward of dune crest
2018 OS DSM from aerial imagery

Montrose Bay: Past coastal erosion
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Crown Copyright (&DB rights)
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Figure7 Changesn foreshoreelevationfrom 2009 (SNH GPS survey seaward of dune crest) to 2018 (OS DSM from aerial imagery).

Dune Vegetation Edge Changes
Figure8 shows timeseries observed changas\egetationEdge positionwithin Montrose Baybased orrecentaerial

and ground surveydata. The vegetation edge at the southern section of tB&y slows consistent erosionwhich is
typically associated with undercutting of the dune toe due to incideatve action, particularly when superimposed

on a high spring tidaVhen the windor swell waves are ndtom the east sectofi.e.between southeast am north-

east), or if the tidal level is lower, thetserved erosion isiorelimited (pers com. John Adams, Montrose Golf Lijks

For reasons of consistendye most recent aerial survey data is used as a baseline for quantification and modelling
(below), with Figure9 showing groundsurveyfrom mid-January 202@hat captured erosion of the ¥getationEdge

caused bya single stormStorm Brendan
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Figure8 Vegetation edge changat MontroseBay(2011 t02019 and 2005 to 2018 Note the-5.9 mretreat whichreflects the retreat of the
vegetation edge following the removal of the rock armour at this location.

Figurel0shows rates of change of the Vegetation Edge, Higrevatd Low Water linefor representative transest

near the southern section of dunes. Whilst this shows variability in the rate of Vegetation Edge erosion (eg. 2013
2015 and 201§2018) and masks MHWS and MLVvé8abilitydue to the lack of data for inteening years, the overall
erosional trend of Vegetation Edge and MHWS is clear. Landward movement of MLWS has slowed over the two peric
shown, perhaps due to gain of sediment eroded from the upper beach and dunes. Despitectbigerall trend is for

erosion of all three indices and attendant foreshore lowering.
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Recent erosion at Montrose Links.

Ground survey (Jan 2020 to Jun 2019 = 7 months)
Ground survey (Jan 2020 to Feb 2019 = 11 months)
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Figure9 Detailed vegetation edge change following Storm Brendan (
12t to 14 January 2020) compared with recent ground survey and aer
photography analysis.
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VolumetricChangeswithin Montrose Bay
The elevation changes captured the datadepicted in Figure 7 above allow annual volumetric change rates to be

calculated for the periothetween 2009, 2013 and 2018 each othe four management units in Figure 11. The overall
pattern is for erosion to be concentrated in the upper beach and dune face areas with the lower intertidal areas
showing lesser volumes of loas well asome areas of gain, particularly at St Cyilie aggregated annual change
within each management unit shown inTable2 with the mainunits showing sedimentoss over the period 2009

2013 and 2012018, except gains mainly in the north in Area 4 and aigibg amount in Area 20092013.

. 2009: SNH GPS survey along & seaward of dune crest 00.250.5 1 Kilometres
| Montrose Bay' Past ] 2013: University of Glasgow DGPS survey seaward of dune crest = =
coastal volume changes |}{2018: 0s DSM from aerial imagery

'l
0 025 05 1 Kilometres |
I

Crown Copyright (&DB rights)
2020 OS 100017908

4.230mHyr

——

1,070mlyr

i RS NG - Dynamic Coast
| 2009102013 2013 t0 2018 2009 t0 2013 | [ mmmmmmmnens 2013 10 2018

Figurell Comparison of rates of volume change across each geomorphic section outlined in white, from 2009 to 2013 and 2013 to 2018

Table2 The annual volumehangefor each of the four management units

20091 2013 201312018
Management Unit Area (m2) Change (m3/yr) Area (m2) Change (m3/yr)
1 - Port-Traill Drive 1,603 +400 8,173 -1,400
2 - Golf Links 224,400 -56,100 344,000 -36,200
3 - Kinnaber Links 196,600 -49,200 365,120 -22,900
4 - St Cyrus 135,418 -33,900 416,262 10,600

It should be noted thattie volumetric changes within the intertidal and beach fa€g\rell and Table 2)do not

capture changes within the nearshore and subtidal part of the beach and, in the abseie skries bathymetric
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surveys, an alternative approach helps cast light onttadernearshoresediment budget that has a role in wave
absorption and coastal stability. For examples sediment flux (volume of material moving past a vertical plane) from
the southernl km section of dunes can be estimated using the amount of chahw®y theentire active face(i.e.
from dune crest to thenearshore wavelosure depth at10 mCD. This® Nzt S ariethod Kused dya number

of coastal scientists to provide a first ordealculation froma typicaldunecrest down to thewave closve depth the
alongshore width anthe retreat rate per yearThisdentifiessediment loss from a discrete section of coast to provide
an approximation of the annual sedimecitange over théoreshore, intertidal angubtidal The approach assumes
uniform crossshore retreat and providean order of magnitudeninimum supplementaryolume needed to maintain

a stable shoreline positiotsingsuch acalculation,Table3 estimates thathe 1 km of dune and beach north of Trhil
Drive lossesare ~74,000m?yr. This approach assumesiform crossshore retreat yet the Vegetation Edgeetreats
more quickly than MHWS or MLVW®d a nominalaverageerosion rate of 3.4 m/yrTogether,these assumptions

indicatethe volumes lost arékelyto be aconservative measuref the annualsedimentloss.

Table3 Sedimentossfroma 2 dzi KSNY &SO0GA2y 2F a2y (iNRaS D2t FCDEchaizNaduS/OPD7OythadcE dza A
datum

Dimension | Measurement Amount | Unit
Dune height (nominal) 9 mOD
Wave closure depth (nominal) 10 mCD
Length CD to OD conversion +2.7 m
Active face height9+10+2.7) 21.7 m
Erosion rate (min) 15 m/yr
Erosion raterfiean) 2.6 m/yr
Breadth | Erosion rate (max) 4.1 m/yr
Erosion rate (nominal) 3.4 m/yr
Height Southern golf course 1,000 m
Volume | Active facesediment losgnominal) | 73,780 | m3/yr
Calculation21.7x3.4x 1,000 ¥3,780
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FutureShorelindxojections
Future projections are based on tivodified Bruun Rul¢see methods above) which are projected forwhesed on

UKCP18 Representative Concentration Pathway 8.5 (UKCP18 R@$8gb)the 9%% estimate, given the
precautionary principle. The coastal change incorporates shoreface gradient and is calibrated with recent coast
change data (which refledtassumes contined sediment supplfrom the immediate hinterland). These anticipated
shorelines are not intended to be reliable detailed predictions, but a precautionary fatgeario of many possible
scenarios to inform the possible scale of chandgeigure 12 and the Dynamic Coast webaps
(www.dynamiccoast.com/webmaps.htjrshow the anticipated future positions of MHWS in 2050 and 2100 estimated
using aModified Bruun Rulealculation for a future relative sea level rise ofDrat 2100 (UKCP18 RCP8H'®).

The amount of landward retreaeaches85m by 2050 an®55 mby 2100 and excludes the artificially defended shores

alongTraill Drive andhe north St Cyrus rock cliffs whielhe assumed to remain static.

~ |- — 2018 MHWS (OS DTM)

0 0.25 0.5 Kilometres : ; /i | Projected MHWS based
[ — / 4 o::lodlﬂed Bruun Rule
Aerial imagery flown by OS for [ 4 Y 2020

Dynamic Coast (May 2018). ;i

Crown Copyright (&DB rights)

2020 OS 100017908.

===

A

/

@
h

' J 2018-2050: -85m

2050-2100: -170m
2

.

Dynamic Coa 1 ‘ it 0 025 0.5 Kilometres

Dyn:

Figurel2 Anticipated coastal changeModified Bruun Rule MHWS

The arrival of a retreating MHWS on the beach of each bay is normally preceded by the undercutting of vegetation .
the coastal edge, especially where any damenachair cover (or saltmarsh vegetation where present) is damaged.
ThisVegetationEdge esseritilly marks the common perception of erosion of the land and its assets, due to landward
retreat of MHWS. Howeveat Montrosethere is a mean lateralistanceof 20 mbetween MHWS and theegetation

Edgewhichis used to project thélodified BruunMHWS pedictions inlandin orderto provide insight on the timing
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when the unvegetated and dynamic beach is anticipated to arrive at the position of any landward @seedll, this
adjustment anticipates recession to arrive at a given point inland in advance of that predicted Mydifeed Brwn

Rule on its own. A detailed view of each deladegetationEdge prediction using this method can be seenFmure

13. The progress of beach and dune landward movement and vegetation offset is curtailed by the presence of roc

and cliffin the north at St Cyrus.

Montrose Bay: Anticipated Vegetation Edge ¥
—— 2018 Veg Edge

0 025 0.5 Kilometres - | Projected Veg Edge using
e E— 2018-2050: -28m i ~ | Modified Bruun Rule

2050-2100: -73m
Aerial imagery flown by OS for
Dynamic Coast (May 2018).
Crown Copyright (&DB rights)
2020 OS 100017908.

J

~——2018-2050: -90m
y ]2050-2100: -170m
4

FHgure 13 Anticipated coastal changeModified Bruun Rule Vegetation Edge

Figurel4 depictsthe anticipated erosiorand coastal evolution of Montrose Bassing a different modethe Coastal
Oneline Assimilated Simulation To@¢SMoSCOASTVitouseket al., 2017)CoSMoSCOASTs forced by the RCP8.5
959 sea level change scenarios within UK Climate Projections 2018 (UKCP18) and metdets kimgyeline
migration due to sea level rise and includes wavieen alongshore and croshiore sediment transport processe
Validated with recent shoreline position observations from Dynamic Coast, shoreline change is then modelled to
2050 and 2100in Montrose Baytis shows an anticipated landward migration of the sharthie southof 3¢11 m

by 2050and8¢24 m by 2000and in the northat St Cyrus b$4¢30 m by 2050 an®6¢51 m by 210Q(excluding the
artificially defended shorealong Traill Drivén the southandthe rock cliffs at northern St Cyrus)

Figurel4 also includes the Dynamic Coast (2017) linear projection of recent MHWS recession ratexSWio& C

COASTPredictslesserosionthan the linear projection of current erosion rates beca@ESMoSCOASTncludes

30



Adaptationand Resilience Options for Montrose Bay

Dynamic Coast
[><

DynermicCoast.com @DynamicCossts
along and crosshoresediment transportis well as accretion from elsewhere in Montrose Bay (not inclimd¢ae
first phase oDynamic Coast (201)7CoSMoSCOAST also adijis its parameterso regularinput of MHWS
measurements. bwever, the irregular time gaps of shorelinesMontrose Bay1890s to 1970s and 1970s to
modern) mean CoSMeSOAST can make only limited adjustmentsganiodeled erosion rates and only partly
capturesthe actualrates observed over the last decade. The result prodagesement withthe anticipated

direction and trends ifrigurel2 and Dynamic Coast (2017), huiderpredics knownrecentrecessionCoSMoS

COASassumeghe present sediment budget to remain more or less the same into the future.

Anticipated position of MHWS based on CoSMoS-
: —— COAST mot!elling using UKCP18 RCP8.5 95th% SLR,
10 0125 025 05 Kllometres { compared with Dynamic Coast (2017) ture Look

| Crown Copyright (&DB rights) | timreteat
2020 OS 100017908 2%"‘;‘533‘ i j by 2100
= = - Y 1
1 ¢ - 4
7S A

30mretreat
by 2050

8mretreat
by 2100

N
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Figurel4 Anticipatedfuture coastal change CoSMo$LOASMHWSand Dynamic Coast (2017) Future Look
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Figurel5 compares theCoSMoSCOASTesults with the Modified Bruun Rule approaftbm Figurel2. This shows
similarunderpredictionin the future MHWS position by the CoSME®AST modehnd greater correlation between
the DC 2017 linear erosion rate projection and the Modified Bruun, RulenFigurel2 and Figurel4 are compared
However this comparisoralso supportghe prediction thatsea level risgrojectionsof 0.2 m by 2100will bring

widespread erosion to thBay, everacross sections that were previouslyperiencing accretion.

|Legend
‘|- — 2018 MHWS (OS DTM)

0 0.25 0.5 Kilometres I | Projected MHW'S based
o —) g ~ | on Modified Bruun Rule

Aerial imagery flown by OS for
Dynamic Coast (May 2018).
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Figurel5 Anticipated coastal changeCoSMo$COASand Modified BruunMHW Sresults
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SociaMulnerabilityClassificatiotndex
The averagé&ociaMulnerabilityClassificatioindex §VQI for Montrose, upon calculation of weighted indicators of

sociceconomic vulnerabilityis of rating4 which corresponds ta classification of Slightly ResilieRowever, sme

areas of MontrosdBaywere within the second most vulnerable category within 8CIA high level of vulnerability
arose within the category of community cohesion; this could be accounted for by high crime rates and a larg
proportion of single person households within theaeeas. Moreover, there appears to be a higher level of
vulnerability within the Montrose arethat can be attributed tadhe éEducatio categoryassessed within th&VCl

and this idikelyto bedue to a high proportion of residents reporting having fhool with no qualificationsn terms

of its score within the "physical assets" category, overcrowding has intigdhe SVCbutcome. The vulnerable areas

of Montrose identified within theSVChad the highest rates of physical and mental headétated vulnerability within

the SVCIThis is due to a high proportion of people reporting limitations on physical activities due to-helaltd
issues. Areas of Montrose exhibitihggherlevels ofsocial vulnerability also score relatively high in the gapan
category, with the highest number of children under fey@ars old and a relatively high proportion of older people.
Social vulnerability related to economic prosperity within Montrose emerged fromSti€lanalysis as resultant
largely ofemployment deprivation and lontgrm unemployment rates. Those living within Montrose emerge as being
those who need to travel the greatest distances to reach their workplaces, contributing to an assessment of thi

'sustainable communities' domain.
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Figurel6 SVCtlassifications per data zone with anticipated coastal chargieg the Modified Bruun Rule

Flooding

Coastal Flood Boundary
The Coastal Flood Boundary (CFB) dataset published by DEFRA itin2Di8 (eported below. It displays the

anticipated still water surface level of surge events at various frequena@sss Montrose Baystill water level
calculations such akésecansuperimpose the surge level on top of the highest astronomic tide texgain a realistic
impression of worstase storm impactshoweverthey exclude other hydrodynamic effectsuch aswvave runup
which would need to be considered. Whilst an®e parts of Scotland the recent update deviates from the last version,

there is a negligible increasg ¢m) at Montrose.

Table4 Tidal and flood levels for Montrosert table grids

Description Level Description Level Description Level
(mOD) (mOD) (mOD)
MHWS 2.25 1yr (100% AEP) | 3.09 C1 1yr(100% AEP) | 3.08
HAT 2.96 10 yr (10% AEP) | 3.34 C110yr (10% AEP) | 3.31
Base year 2017 100 yr (1% AEP) | 3.59 C1 100 yr (1% AEP) | 3.52
FID 2063 200 yr (0.5% AEP)| 3.66 C1 200 yr (0.5% AEP) | 3.57
1,000 yr (0.1% AEHR 3.84 C1 1,000 yr (0.1% AEH 3.7

{9t! Q& Cft22R wAal al Lk
¢tKS OdzNNByYyild GSNBRAZ2Y 27F ¢$how thefigh (10Jgzdefurh pekd8)Rmedidn2(20Ryr hedura |

period) andlow (1,000 yreturn period)likelihood floodextents for coastal floodingriver flooding andsurface water
flooding The coastal flood events aithe anticipated still water surface levels from the CFB analjsble 4)
intersecied with detailed topographic mapping to identify areas which would be inundatealigh heseextents do

not include the wave ruup and other hydrodynamic effects considered below.

Figure1l7 shows the presentlay high probability and low probability coastal flood extents, in greater detail than
{9t! Qa Cf 22 Rooding iaMontrmde,aktibeReditdifrom a more recent digital surface model (2018) and is
therefore more likely to represent actual current land and water levEgurel7 demonstrates potentl entry points
for flood water that exist at present at the mouth of the rigand the increase in extent of floodisguthacross the

backdunes in a low probability event.
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Maps show land under key elevations.
Areas behind embankments and
topogrpahic ridges may not be inundated

Montrose Bay: Present day flood levels
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Figurel7 Summary of present day high probabilityl@ yr 3.34 mOD) and low probability (1:1,000 yr 3.84 mOD) flood levels at Montrose Bay.

Relative Sea Level Rise
The UK Climate Projections data (2018) has been used to anticipate increases in mean sea level in Montrose E

Whilst there areconsiderable domestic and international efforts to cut greenhouse gas emissions, the recent globa
trends remain aligned with the High Emissions Scenario (or Representative Concentration Pathways 8.5). For conte
a 2°C future, corresponds to the RCPA%% at 20854°C corresponds to RCP8.3'%by 2085and the 5.5°C future
corresponds to the 9%% by 2085.

The anticipated increases in mean sea level at Montrose are summari3edblieb; by 2050 mean sea level is likely

to increase between 0.1 m and 0.29 m above the agefavels seen between 1980 and 2080d are as likely as not

to be above 0.19 m. Rates of sea level rise by 2050 are expected to be between 3 mm/yr and 9 mm/yr and as likely
not to be above 6 mm/yr. When considering future sea level rise, it is Uidipfappreciate that the longerm pre-
industrial relative sea level trend at Montrose ws32 mm/yr (Bradley et al 2019).

Given the precautionary principle, the %% figures of the RCP8.5 are used throughout this assessment.
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Table5 Existing and future tidal extents based on UKCP18 RCP8.5 for Montrose
MSL increase (m above 19801 2000 levels) Rate of increase (mm/yr)
Year 5thog 50t% 95thg Period 5ton 50t% 95th%4
2010 0.01 0.02 0.04 20007 2010 1.0 2.0 4.0
2020 0.02 0.05 0.08 201071 2020 1.0 3.0 4.0
2030 0.04 0.09 0.13 202071 2030 2.0 4.0 5.0
2040 0.07 0.13 0.20 20307 2040 3.0 4.0 7.0
2050 0.10 0.19 0.29 20401 2050 3.0 6.0 9.0
2060 0.14 0.25 0.39 20501 2060 4.0 6.0 10.0
2070 0.18 0.32 0.50 20607 2070 4.0 7.0 11.0
2080 0.22 0.39 0.63 207071 2080 4.0 7.0 13.0
2090 0.27 0.47 0.77 20807 2090 5.0 8.0 14.0
2100 0.31 0.56 0.92 20907 2100 4.0 9.0 15.0
2300 0.72 1.73 3.50 21007 2300 21 5.9 12.9
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The existing tidal inundation extents and the increases in extents by 2100 are shbignri@l8 which aims to
AYF2NY GKS INRBsAYI Nra]l 2F a2 OFffSR WFEANI 6SI GKSNJ
storms as a result of increasing reach of the tide due to increased mean sea level. The levels presented here affect
by RSIR areverysimilar to presentigh and low probabilitylood levels.

Figurel8 Present day tidal extents and the fututidal extentsanticipated under UKCP18 RCP8.5 95% sea level 26& ®yand2100.
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