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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, includiligestDunbartonshireCouncil YWDC), Scottish Environmental Protection Agency

(SEPA), NatureScot amatél partnerdncludingthe Clyde Marine Planning Partnership.

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 lapntextual information and methods within a technical summary, whicudes
key results The report is designed to be viewed alongside the National Overview and online resatirces

www.Dynamidoast.com.
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Dumbarton Super Site Summary
Introduction

This report sets out to establish changes to the Dumbarton coast (West Dunbartonshire) and identify adaptatiol
options toenhance its future resilience. Its scope covers the coastal environment of West Dumbarton from Dumbatrtor
Castle, and the mouth of the River Leven, east to Bowling Harbour. This document aims to support key partners
their planning for anticipated increas in coastal erosion and flood risk. The Executive Summary and Technical Anne
below are not intended to be precise predictions of a certain future, rather they are scenarios based on a realistic ar
precautionary interpretation of available evidence. Asch the details within should not be interpreted as

management decisions in themselves, but supplementary evidence on which government agencies, organizations a

landowners may choose to deliver against statutory requirements.

The National Coastal Conttex

¢KS HamT 5@8yFYAO /2Fad LINR2SOG Lzt AaKSR | NBOASH
erodible coast@ynamicCoast.cojnlt showed that the period since the 1970s has seen a 22% filé iextent of
{O2Gf 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

sealevels continue to rise.

The latest research (Dynamic Co&kihse 2) incorporates new tidal surveys and shows that erosion is currently
affecting more shores than was the case in 2017 and anticipates that by 2100 accretion will be rare and erosion w
dominate much of the soft coast. These projections are based on the high emissions sea level rise scenario a
FYGAOALI GS 20SN) mko 2F {020f Iy RQuyr Byahe énd 6f 2hke deiturydThef f
increased threat of coastal eros also increases the risk of coastal flooglitiis meansthat planning ahead for

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

Local Coastal Context and Anticipated Change at Dumbarton

/' Notwithstanding the national context of rising sea level and/
As climate change quickens erosion and

increases flood risk, our attention needs

to shift from short-term engineering is that of a heavily human modified landscape. These human impacts
choices at the coast edge, to dynamic

adaptational land-managementinland, to
enhance social and economicresilience. 1) the impact oflong-standing maintenance dredging of th@ver

anticipated acceleratiom sea levelthe local context obumbarton

onthe mudflats and saltmarsh of tHeumbarton shorere two-fold:

\ -/ Clydechanneland 2) the equally longstandinglegacy ofland claim
mainlyto the rear of the fringing saltmarsiin some areas such &gtween Dunglass and Bowlingnd claimhas
moved the now defendedshore to the main Clyde navigation chaniisélf, resulting invholesaleloss ofsaltmarsh

and mudfld along this stretchThese impacts have reduceditmarsh extents by reducing the supply of sedinsent

8
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from the seawarddirection and byland claimencroachingrom the landward directionThe measuredchangesn
saltmarsh extent detailedbelow mainly focus on the seaward extenfisuman impact 1 aboveWhere the largest
amount of change isamerally seerlongthe saltmarsh edgdrom Dumbarton Bayo Bowling withmuch of the MLWS
sedng historic recessiorof greater than100m in the west but declinng to the eastwhere some accretion has
occurred.The situation withMHWSis more variablevith the current mean MHWS recession ragd 0.5 m/yrand,
localised pockets of lateral accretion of up to 25an well as otheareas whereccretion is a function of land claim
Recent topographic change analysis shows sedimentdiossnates the marsh foreshore, with a total 14,200 of
sediment los over the last 15 yearacross both the mudflat and saltmarsh surfageegh only minor accretion on the
upper saltmarsh in the east. In responssgetationedges have fluctuated between erosion and accretion over the
last century, with an overall trend of erosion in the westaccretion in the east over the last decade and a mean
change rate of +7 cm/yit is also worth noting thatwith the exception of a short stretch of artificial coastal defence
structure atDumbarton Castle in the west amgtweenDunglassand Bowling in the eastno formal erosion or flood
defence structures existAt present, he onlycoastal protectionbarrier to any future erosin or floodingis the
undefendedtrack bed of theGlasgow to Helensburdfort Williammainlinerailway. SEPA ideifiesmuch of the land
on the estuary side of the railway line between Dumbarton to Bowminge currently at medium or high flood risk
from marine flooding(with a smaller but still significant areaat risk of river flooding.The coastal flood risk will
increase onto the fuire with sealevel rise.Since coastal erosion and flooding are inextricably linkbdn
management optionsto accommodate floodinguch as land raisingpay ke unterable since land raising does not
address erosiofi.e. the raised land is still at risk of erosianylit would bedifficult to demonstrate no adverse impact
on adjacent sections ¢énd due to displaced water volumeshis effectively means that the most resilient option to
manage both flood and esion risls, both now and in the futurds to make space on land for the coast to realign
landward.Safeguarding landow (i.e. through strategic planning and/or for existing development planning dasisio
using both current and future risks to underpin statutory consultations) will providentbstflexibility and options

for climate resilient development pathwa.

Future Resilience and Adaptation Planning

The emerging consensusrldwideis that adapting to climate change sooner will greatly reduce societal risks and
costs in the longun. Recent research on climate change adaptation at the coast shows that landward retreat of asset
is likely to be required to manage lotgym risks from sea level rise, regardless of any coastal risk management options
taken now. Where the need for cetal adaptation is increasingly urgent (globally and locally), more transformative
solutions are needed. Whilst generic aspects of these concepts are explored within the National Overview Report, tl
following text explores management options at Montross/Bwithin an international context of best practice. To aid

users of this report in adopting this approach to adaptation, Dynamic Cloastidentified actions that can be

9
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takennow that will provide both physical and policy windows to make space for any adaptation to be implemented.
These are highlightednd definedand further explored in the National Overview Report afign with the

NG SNE2 SNy YSyGart tlIySt 2y [ EAYIFGS [/ KIy3I®astlladaptdtion®oa  +
climate change risk&cludingerosion risk, requires a féink of the boundary between land and sea, where current
land areas will either disgear (due to erosion) or change substantively, due to eresidnced floodingThis may
require transformation of existing communities, policy, planning and infrastructyséems now and the coming

decades National OvervienwReport www.DynamicCoast.com/reports.hthalFor example, in Scotland the emerging

Clyde Marine Planning Polipyovides arexampleof best practice at the coast to support transformative forais

adaptation where possibld2ractical implementation mechanisms are also required along with strategic plans and
policies, so that adaptation measures such as realigning key infragteware ready to be rolled out and implemented
when erosion happens. This would shift erosion management from reactive to proactive, and in doing so, enables lor

term societal resilience to coastal climate change with the least social and economic costs.

Coastal erosion, flooding and erosiozlated flooding are considered the key risks impactimg Dumbartonshore

now and in the future. Landowners atatal authoritieshave responsibility for, and powers to address, coastal erosion
and flooding.Local authoritiesalso have shared powers under the Flood Risk Management (Scotland) Act 2009 an
the Climate Change (Scotland) Act 2010, including a statutory duty to report on climate change adaptation progres
Guidance on planning for coastal change t& found here (SNH, 2019). Consistent with a Shoreline Management
Plan approachFigure 2 and ablel sub-dividethe Dumbartonshoreinto management unit areas to identify coastal
erosionand floodrisk and management approaches to improve resilience of natural and societal assets in the shor
term as well as adaptation options to improve letegm community resilience.Each managemenoption in
Dumbartan will have differing impacts on sediment dynamics, beach function and the natural capitabebah,
saltmarsh and mudflasystems provide. Importantly, these responses to managing coastal erosion risks involve bott
the management of divities on land as well as at the coastal edget example, other than at Dumbarton Castle in
the west and at Dunglase Bowlingin the east,no formal coastabr flood protection structures exigb limit the inland
extent of anypresent orfuture erosionor flooding Thetrackbed of the main Glasgow to Helensburgh main lias

not beenconstructed as a flood or erosion defenée.addition, nuch of theDumbaton shoreis urbanor industrid

and d these points and elsewheré&gwering of the mudflat surface angtreat of the saltmarsh edghas weakened

the natural capitand natural erosion protectioafforded byboth saltmarsh and mudflaendactionmay berequired

to helprestore thisnatural capital.

10
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( \ It is important to note that many of the adaptation options presented in
This requires sategic

. - Table 1 and associated text requirstrategic planning decisions to be
developmentplanning decisions

to be takennow, to provide takennow, to allow time forany physical and policy spaceededon land
physical and policy space to for the shore to realign landwards the future to be provided This may
accommodate future erosiory
adaptationto minimisesocietal
\ impact and cost. ) sediment budgt caused bylredgngin the mainClyde channeperhapsy

include action to offset any negative(erosional)impact on the mudflat

returninga proportion of the dredged sediment back to thppermudflat
and saltnarsh areasRetaining dredgingolumesthat would otherwise be lost to the local systemould allow the
mudflat and saltmarsh to remain stable for longpartiallyoffsetting the impact of sea level risnd provide time for
other land-basedadaptation options tdbe consideredThis approach wouldlso allow the estuary to function more
naturally. For example, improved salt marsh function would dissipate storm surge and sea level effects, and thus hel
protect upriver areas of Glasgow from floodingn terms of the natural functioning of mudflats and saltmarsh, it is
clear that the widh of these landformsplays @ importantrole in mitigating the localimpact of wave attenuation
during storm events Suchlandforms are at the 'frontline' of impacts from storms and sea level rise; a consistent
sediment supply is needed to help these landforms 'keep up' séthlevel rise In particular sdtmarsh vegetation
plays a key role in wave attenuatiowider saltmarsheseduce wave activityso that a lower and narrower artificial
barrier may be needed at the landward limihis has significant cost savings for coastal protection as well as
biodiversty and social amenity benefit#.is currently understood that Peel Ports who dredge the Clyde channel are
consideing the disposalof some dredgd sediment tobeneficiallyrechargesome areas othe intertidal, with the
mudflat area south of Langdyken the south side of the channel opposite tBeinglassbasin being asite under
considerationRetaining some or all dredginglumeswithin the estuary will work with nature and allow the estuary
to partially offset the impact of sea level riggowever,a double wirwin situation would be aclaved if any dreding
recyclng was placedalong the Dumbgdon to Bowling side of the riveDredging recycling thusas the potential to
enhan@ naturalestuarine functioing, improvenatural coastl protection, and save money in the long ruihis is
especiallyaluablewhen placed irbuilt-up areas at risk of erosioand/or where loss of existing saltmarsh can be

mitigated

Additionaloptionsinlandmayinclude providing space for relocation afriskassets to inland riskee sites, but also
allow space for accommodatingudflat and saltmarshto locate inland of their present position. For example, if
planning permission is granted now for assets or infrastructure on land that may be at erosion risk in the future, th
opportunity for future landward adaptation to occur is constrained, becomes more ekgers both.There ighusa
needforlandd 8 SR AGNF GS3IAO0 LA Iya G2 | 002dzyd F2NJ GKS&S 7T dz
ONBIGAYI FyR &l F83dzZr NRAY3 WgAyR2a 2F 2 LILI2 Ninpayt &ndl & Q

cost. Theseconceptsare acknowledged within thélational Planning Frameworkafhd NationalLand Use Strategnd

can be applied as part of local scale statutory development planning as well ascaldgovernance actions sh@as

11
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coordinated strategicplanning to make spaaen land to adapessential linear infrastructure of national importance

(e.g. rail, road and utility networks) by accommodating erosion.
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Resilience and Adaptation Options at Dumbarton
Table loutlines the management options recommendedongside dynamic adaptational laide planning aspects

inland.
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Tablel Rk management, Resilience and Adaptation Option®fonbarton to BowlingSections are grouped by managementania> LJ- ad | yR FyYGAOALI G§SR OKIy3ISa |t 2 yicdadptivss arBufliney 2 G KAy 3IQ AYLIE AOFIGAZ2yad { K2 NI
Shore Character é.DO noﬁhiéShort termd management ofermi ons . N . . L
Area Coastal Changes* | Likely - 6Long ter méd man ageimegove lorggearn resilience)
& Assets R resilience)
Implications
Non-Active Intervention: In addition to continued deployment of short-term options:
. . . : Non-Active Intervention:
1. Monitor change/no intervention (now onwards): Undermine

and breach of defences leads to incremental loss of 1 Monit h no int i ds): Undermi d

land. Impact on essential infrastructure (gas/sewers, railway ' b on r?r]f:dafnge nol '”der‘t’eﬁ lon (notvvlclnnwarf IS).d In ermtme an

line) and built assets (housing, warehouses). Cost: moderate; reach ot detences leads to incremental [oss of 1and. impact on
Dumbarton Risk: high essential infrastructure (gas/sewers, railway line) and built assets
Castle rock Low Water ' ' (housing, warehouses). Cost: moderate; Risk: high.

1896-1994: -105 m

framed by Accommodate Erosion:

1. Dumbarton Castle and
town

estuary mudflats
and saltmarsh.
Seawall along
eastern
Castlegate
Gardens, rising
made ground
landward with
industrial estate,
gas and sewage
works, housing
and ralil
embankment (not
seawall)
A814runs coast
parallel inland.

1994-2016: 14 m

High Water
1896-1994: -72 m

1994-2003: 45 m
2003-2018:-33 m

Volume

Landward marsh
20031 2018:

0.6 m raising
Seaward sediment
20031 2018:

1.0 m lowering

Vegetation Edge
2010-2018: -11 m

Foreshore
lowering, retreat
of soft shorelines.
Marshland
vegetation
retreat/erosion
and flooding of
low-lying land.
Potential saline
intrusion into
wastewater
treatment works.

2. Develop Dynamic Adaptive Policy Pathway: Enable
existing assets to be adapted / relocated if present location is
exposed to erosion/flood risk. Timing defendant on locally
defined trigger points, safeguard space on land for options.

3. Avoid new permanent development in areas of current or
future risk (avoid replacing warehouses with housing: land
raising only alleviates flooding not erosion).

4. Proactive habitat management planning: Provide
accommodation space on current land areas for key marine
(e.g. SPA) habitats.

Erosion Resist:

5. Saltmarsh restoration: nature-based approaches to improve
the resilience of existing saltmarshes, eg recycling dredge
material on mudflat would assist saltmarsh resilience.

6. Enhance /extend defences (01 20 yrs): Structural defences
(boulder revetement) extended to alleviate erosion and
erosion-related flood risk.

7. Nature-based erosion resist options preferable, hybrid or
green grey options recommended (ecological benefits) where
conventional engineering is used, potential use of recycled
dredge sediment.

Accommodate Erosion:

2. Develop Dynamic Adaptive Policy Pathway: Enable existing assets
to be adapted / relocated if present location is exposed to erosion/flood
risk. Timing defendant on locally defined trigger points, safeguard space
on land for options

3. Avoid new permanent development in areas of current or future risk
(avoid replacing warehouses with housing: land raising only alleviates
flooding not erosion).

4. Proactive habitat management planning: Provide accommodation
space on current land areas for key marine (e.g. SPA) habitats.

Erosion Resist:

5. Saltmarsh restoration: nature-based approaches to improve the
resilience of existing saltmarshes, eg recycling dredge material on
mudflat would assist saltmarsh resilience.

6. Enhance /extend defences (2050): Structural defences (seawall,
boulder revetement) extended to arrest erosion and erosion-related
flood risk.

7. New defences (20-50 yrs): Structural defences (seawall, boulder
revetement) extended to arrest erosion and erosion-related flood risk to
defend key infrastructure.

8. Nature-based erosion resist options preferable, hybrid or green grey
options recommended (ecological benefits) where conventional
engineering is used, potential use of recycled dredge sediment.

14
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Area

Shore Character
& Assets

Coastal Changes*

6Do not hi
Likely
Implications**

6Short ter mod

resilience)

management o-lmzr’mions

6Long

t er md man ageimgrove lorgaern resilienceg)

2. Milton Bay area

Mudflats and
saltmarsh edge
fronting low-lying
grassland.
Industrial estate,
rail line on raised
ground, A82 and
A814 running
along back edge.

Low Water
1896-1994: -136 m
1994-2016: 6 m

High Water
1896-1994: 115 m

1994-2003: 80 m
2003-2018: -7 m

Volume

Landward marsh
20031 2018:

1.1 m raising
Seaward sediment
20031 2018:

0.7 m lowering

Vegetation Edge
2010-2018: 8 m

Foreshore
lowering, retreat
of soft shorelines
from erosion.
Marshland
vegetation retreat,
and flooding of
low-lying land and
landward
encroachment of
saline conditions
(e.g. saltmarsh
plants already
growing on the
landward side of
the raised railway
line).

Non-Active Intervention:

Non-Active Intervention:

1. Monitor change/no intervention (now
onwards): Undermine and breach of defences leads to
incremental loss of land. Impact on essential infrastructure
(gas/sewers, railway line) and built assets (housing,
warehouses). Cost: moderate; Risk: high.

Accommodate Erosion:

2. Develop Dynamic Adaptive Policy Pathway: Enable existing
assets to be adapted / relocated if present location is exposed
to erosion/flood risk. Timing defendant on locally defined
trigger points, safeguard space on land for options

3. Avoid new permanent development in areas of current or
future risk (avoid replacing warehouses with housing: land
raising only alleviates flooding not erosion).

4. Proactive habitat management planning: Provide
accommodation space on current land areas for key marine
(e.g. SPA) habitats.

Erosion Resist:

5. Saltmarsh restoration: nature-based approaches to improve
the resilience of existing saltmarshes , eg recycling dredge
material on mudflat would assist saltmarsh resilience.

6. New defences (0-20 yrs): Structural defences (boulder
revetment, seawall) for key infrastructure that are not currently
protected (railway), increase standard of erosion and erosion-
related flood risk.

7. Nature-based erosion resist options preferable, hybrid or
green grey options recommended (ecological benefits) where
conventional engineering is used, potential use of recycled
dredge sediment.

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

1.

Monitor change/no intervention (now onwards): Undermine and eventual
breach of defences leading to a phased incremental loss of reclaimed

land. Impact on assets and related infrastructure (warehouses. railway).
Cost: moderate; Risk: high.

Accommodate Erosion:

2.

4,

Develop Dynamic Adaptive Policy Pathway: Enable existing assets to be
adapted / relocated if present location is exposed to erosion/flood risk.
Timing defendant on locally defined trigger points, safeguard space on land
for options
Avoid new permanent development in areas of current or future risk
(avoid replacing warehouses with housing: land raising only alleviates
flooding not erosion).

Proactive habitat management planning: Provide accommodation space
on current land areas for key marine (e.g. SPA) habitats.

Erosion Resist:

5.

Saltmarsh restoration: nature-based approaches to improve the resilience
of existing saltmarshes, eg recycling dredge material on mudflat would
assist saltmarsh resilience.

New defences (2050): Structural defences (boulder revetment, seawall)
for key infrastructure that are not currently protected (railway), increase
standard of erosion and erosion-related flood risk.

Nature-based erosion resist options preferable, hybrid or green grey
options recommended (ecological benefits) where conventional engineering
is used, potential use of recycled dredge sediment.
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3. Dunglass Basin and
Castle

Concrete harbour
front created
around made
ground of
previous
petrochemical
site, now barren
with some trees,
and meadow with
cycle path
behind. Railway
line and A82
frame back edge.

Low Water
1896-1994: -53 m
1994-2016: - 48 m

High Water
1896-1994: +300 m

(made ground)
1994-2003: -10 m
2003-2018: -22 m

Volume
N/A

Vegetation Edge
2010-2018: 0 m

Foreshore
lowering on
defended shore.
Defences
weakened and
undermined.
Increase in flood
and spray risk

Non-Active Intervention:

1. Monitor change/no intervention (now onwards): Undermine
and breach of defences leads to incremental loss of land,
some potentially contaminated. Impact on essential
infrastructure (gas/sewers, railway line) and built assets
(housing, warehouses). Cost: moderate; Risk: high.

Accommodate Erosion:

2. Develop Dynamic Adaptive Policy Pathway: Enable existing
assets to be adapted / relocated if present location is exposed
to erosion/flood risk. Timing defendant on locally defined
trigger points, safeguard space on land for options

3. Avoid new permanent development in areas of current or
future risk. For example, avoid placing permanent assets in
areas at risk of erosion and flooding (planned for the Esso Site
and Scot)tds Yard

4. Proactive habitat management planning: Provide
accommodation space on current land areas for key marine
(e.g. SPA) habitats.

Erosion Resist:

5. Nature-based erosion resist options preferable, hybrid or
green grey options recommended (ecological benefits) where
conventional engineering is used.

6. Enhance /extend defences (0i 20 yrs): Direct defences (. sea
walls) extended to alleviate erosion, flooding and erosion-
related flood risks.

Advance:

7. Basin infill: infilling basins, possibly using dredge material to
move erosion resist line to the main channel. If proceeds, only
temporary/demountable development on claimed land should
be permitted.

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

1. Monitor change/no intervention (now onwards): Undermine and breach
of defences leads to incremental loss of land, some potentially
contaminated. Impact on essential infrastructure (gas/sewers, railway line)
and built assets (housing, warehouses). Cost: moderate; Risk: high.

Accommodate Erosion:

2. Develop Dynamic Adaptive Policy Pathway: Enable existing assets to be
adapted / relocated if present location is exposed to erosion/flood risk.
Timing defendant on locally defined trigger points, safeguard space on land
for options

3. Avoid new permanent development in areas of current or future risk. For
example, avoid placing permanent assets in areas at risk of erosion and
flooding (planned for the Esso Sit

4. Proactive habitat management planning: Provide accommodation space
on current land areas for key marine (e.g. SPA) habitats.

Erosion Resist:

5. Nature-based erosion resist options preferable, hybrid or green grey
options recommended (ecological benefits) where conventional engineering
is used.

6. Enhance /extend defences (0i 20 yrs): Direct defences (. sea walls)
extended to alleviate erosion, flooding and erosion-related flood risks.

Advance:

7. Basin infill: infilling basins, possibly using dredge material to move erosion
resist line to the main channel. If proceeds, only temporary/demountable
development on claimed land should be permitted.

€
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4. Bowling Harbour area

Some mudflats
within intertidal of
Bowling Harbour,
enclosed by
Frisky Wharf.
Canal runs ENW-
ESE with a sandy
shore and
woodland on the
south side. A82,
A814 and railway
run closely
together.

Low Water
1896-1994: 3 m
1994-2016: 48 m

High Water
1896-1994: -44 m

1994-2003: -22 m
2003-2018:-10 m

Volume
N/A

Vegetation Edge
2010-2018: -6 m

Foreshore
lowering, retreat
of soft shorelines
and vegetation.
Defences weak
along railway line
(not erosion sea
wall)

Non-Active Intervention:

Monitor change/no intervention (now onwards): Undermine
and breach of defences leading to incremental loss of land. Assets
and related infrastructure impacts (e.g. warehouses, rail track).
Cost: moderate; Risk: high.

Accommodate Erosion:

2.

4.

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

Avoid new permanent development in areas of current or future
risk (e.g. avoid replacing warehouses with housing, as land raising
will not alleviate erosion, it only helps accommodate flooding).
Proactive habitat management planning: Provide
accommodation space for key marine (e.g. SPA) habitats.

Erosion Resist:

5. Nature-based erosion resist options preferable, hybrid or green
grey options recommended (ecological benefits) where
conventional engineering is used.

6. Enhance /extend defences (0i 20 yrs): Direct defences (sea
walls) extended to alleviate erosion, flooding and erosion-related
flood risk.

Advance:

7. Basin infill: infilling basins, possibly using dredge material to

move erosion resist line to the main channel. If proceeds, only
temporary/demountable development on claimed land should be
permitted.

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

1. Monitor change/no intervention (now onwards): Undermine and breach
of defences leading to incremental loss of land. Assets and related
infrastructure impacts (e.g. warehouses, rail track). Cost: moderate;

Risk: high.

Accommodate Erosion:

2. Develop Dynamic Adaptive Policy Pathway, to enable existing assets to
be adapted / relocated, if or when their present location become exposed to
erosion / flooding risks. Choice of timing is dependent on locally defined
trigger points, safeguard space on land for increased options

3. Avoid new permanent development in areas of current or future risk (e.g.
avoid replacing warehouses with housing, as land raising will not alleviate
erosion, it only helps accommodate flooding).

4. Proactive habitat management planning: Provide accommodation space
for key marine (e.g. SPA) habitats.

Erosion Resist:

5. Nature-based erosion resist options preferable, hybrid or green grey
options recommended (ecological benefits) where conventional engineering
is used.

6. Enhance /extend defences (0i 20 yrs): Direct defences (sea walls)
extended to alleviate erosion, flooding and erosion-related flood risks

Advance:

Basin infill: infilling basins, possibly using dredge material to move erosion

resist line to the main channel. If proceeds, only temporary/demountable

development on claimed land should be permitted.
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This section briefly expands the key points for each area and management oplalléd. If Non-Active Intervention

(NAI) is the preferred policy option along the Dumbarton Coast, then saltmarsh erosion or foreshore lowering wil
continue to occur, as well as undermining and duahbreach of defences, leading to an incremental loss of (claimed)
land and impacts on existing assets and related infrastructure (e.g. warehouses. railway) as well as on any planr
new assets. No areas within the Dumbarton Coast area have-srartoptions to Advancethe current coastal
position (i.e. offshore traditional engineering structures); such stemnh measures are unsuitable for an estuarine
and navigable river. Somaosionresistmeasures (naturdased and conventional engineering) mayappropriate

for specific areasT@blel) and are summarised below. Erosion risks for the Dumbarton Coast were derived from a
combination of DC2 data and modelling outpuas well as scenarios generated by the Urban Coastal Erosion
Susceptibility Model MESMJFitton et al (2015A national coastal erosion susceptibility model for Scotlénd).
However, the Dumbarton Coast differs from other Dynamic Coast Adaptation and Resilience Plan reports since it
largely composed of artificial made ground (23 hecsahgstorically claimed from the sea) and now occupied by
industrial and urban land use protected by hard structui&erever possible, naturbasederosion resistoptions

(e.g. saltmarsh restoration) are preferable and where conventional engineeringds lugbrid orgreen grey options

are recommended to improve ecological and multifunctional ben@fitsylor, et al., 2017)The positioning of any new

or enhancecderosion resistdefences may have lortigrm impacts on the resilience of the internationally designated
saltmarshes in front; this natural capital also currently provides flood and erosion risk alleviation tohwey raind

other assets behind it. We recommend that impacts on natural capital that arise from new or replacEnositn

Resistmeasures are carefully considered in line with the forthcontitigtutory Marine PlanWhereErosion Resist

options are used to protect future planned assets, such protection will need to be maintained and improved

indefinitely to cope with quickening landward erosion and sea level change.

Importantly, in all areas where NAI erosion resistmeasures are implemented in the short and lelegm, it is
recommended that landbased policies are adapted now tmccommodate erosionby restricting future new
development in areas anticipated to be at rfsim erosion and or erosieinduced flooding by 2100 (e.g. permanent
infrastructure, rerouting of key roads, housing or industry/commercial development, development planned for the
old ExxonMobilsite). Such a proactive accommodate erosion approach to-teseéd strategic planning and
AYy@SaGayYSyild | gANRED HROAYSIWIAIY ABMIAYA] GKS FY2dzyd 2F LISNY
FdzidzNE NA Al P LYy IINBFa Fd NRA]l 2F SNRaAA2YyI Al | fdf 2 6
relocation of key infrastructure such as roads and utilities, although gbart economic benefit might come from
permitting temporary and demountable development in at risk areas. It also allows space and time for the saltmarsk
mudflat ecosystems toespond naturally to sea level rise and provide added protection to the (Badbier, et al.,
2011)
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The Dumbarton shore is primarily a naturally Hying, soft sediment estuarine coast with a large area (23 hectares)
of artificial made ground. As a result, the risks and management options are broadly similaraesss4, although

Areas 1, 2 and Aave the greatest amount of existing housing, commercial space or utility (e.g. sewage and gas work:
assets at risk. Proactive planning, finance mechanisms and community engagement are key to enable landwe
realignment of assets in advance of costly repand/or replacement of erosion resist measures. However, in all areas,
and in locations anticipated to be at risk of future erosion, LA regeneration plans are currently under consideration b
the LA. Given the footprint overlap between areas anticipdtede at future risk and current development plans, we
suggest that revisions to development plans should be revisited in light of the data presented here and the Glasgo
/I AGe wS3IA2yQa [/ EfAYFAGS / KFy3aS | RI LI (Akeyyinfrasttuctyferassete (i K

housing and economic regeneration for the Dumbarton coast corridor.

In Areas k4, safeguarding space for potential future realignment of nationally important assets (E.g. railway line)
through climate resilient, futuresmart, intergenerational dynamic adaptation pathway planning now, increases the
range of options for future generatiorte manage erosion and flood risks. For example, using land raising to allow
development will offset flood risk but does not remove erosion risk. Aeamommodate Erosioscenarios have been
developed (Figures 1¥9) to identify zones where an adaptationmpach would be beneficial as well as saving money
with reduced compulsory purchase and relocation of assets. To buy time atilsinmodate erosiomnmeasures are
being identified and implemented, natuteasederosion resistmeasures are recommended Areas 1¢4 (see Table

2 for details of the areas)
Areaspecific Recommendations

Area 1Dumbarton Castle and towrfalong withArea 4 Bowling Harbour arepis at riskof continued foreshore
lowering and landward retreat of soft sediment coastal habitats (internationally designated mudflats and saltmarshes)
leading to vegetation retreat, flooding of Iekying land and landward encroachment of saline conditions. figsrost
heavily developed of the Dumbarton coast with a combination of housing and critical local infrastructure (e.g. utility
installations (sewage, water, electricity, roads) and national infrastructure (mainline railway and gas network). Area
has alsobeen subject to recent land raising for housing to accommodate flood risk, but bot erosion risk. Urgent
accommodate erosiompolicies are recommended in Area 1 to allow realignment of critical infrastructise. of

recycled dredge sediments may profitalblg used to replenish mudflat and saltmarsh in this area.

Area 2 (Milton Bay Ared has similar erosion risks and adaptation recommendation®\tea 1 but with large
warehouse areas and fewer houses. However, the mainline railway, A82 and A814 lie dlentaatiward edge of

Area 2. Area 2 has a mix of artificial made ground and natural ground that would allow more space to accommoda
erosion and natural coastal realignment along the mainline railway on sea level rise. Saltmarsh species are alrec
presert landward of the railway line, indicating saltwater ingress inland of the railway at present. If relocation of the

mainline railway line does not occur then conventional or hybrid erosion resist measures will be required immediatel
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seaward of the atisk assets.Use of recycled dredge sediments may profitably be used to replenish mudflat and

sdtmarsh in this area.

Area 3Dunglass Basin and Casikeat riskof foreshore lowering and erosiemelated flood risk along the currently
defended shoreArea 3has few current developments but is subject to advanced regeneration plans (including with
City Deal regeneration funding) that will increase the numbers af&si a ® L ¥ (GKS&sS LX Fya LJ
lockA y Q 2 OO dzNA erdsibniresigimedstires b rdalntsiBed into the future. We recommend these plans
are revisited as part of COVID Green Recovery planning to consider alternative, climasdient regeneration
options. These might include avoiding placing permanent assets in areas at risk of erosion and flooding (those plann
FT2N) 0KS 9EE2yaz20Af aAadasS FyR {O02G00Qa , |sh&tilexiblg Rlutiday & i
such as temporary/demountable alternatives or recreation spaces. Climate resilient alternatives for such land can &
aSSy |G 9RAYOdzNEKQ& DN}Iyid2y 21 GSNFNRYG tFEN)JZ |y SE
housing and regeneration nds. The proposed realignment to create nature reserve natid west o the
ExxonMobil site is a good example of a future snaatommodate erosioroption. Any erosion resist strategy may

consider the recyclingf recycled dredge sedimentsr basin infillin this area.

Area 4Bowling Harbour aredas similar riskto that of Area 3and other existing developments at risk of erosion. The
main railway line will be under risk of erosion and flood in the future, but currently benefits fronegiimn from
Bowling Harbour outer wall acting as an erosion buffer. Future erosion risk management in this area rests on ho
Bowling Harbour outer wall is managed. It is possible that the marine bastmeas 3 and 4ould be infilled as part

of anerosion resist option in ordetto minimise the length of protection required along this already partly canalised
part of the Clyde channel. However, if this approach is adopted then development is likely to follow. Again, an
development lockins in this areaexves to constrain the future use of this and adjacent land for other, more adaptive
purposes.Any erosion resist strategy may consider the recycling of recycled dredge sediments for basin infill in thi

area.
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Methods

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

barriers protecting lowying areas of flood risk. Regular shaox@mal profiles were extracted dt0 m intervals along

the DEM and analysed to identify the width of barrier and volumes of sediment above key flood elevations. Thes
Fff26SR LRIGSYGALFrt 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 Levél&ifieed Brunn Rule
Relative sea levelsg is expected to exacerbate rates of erosion of coastal barriers, with kmoelfects 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 equililbmin model (the Bruun Rule) for shoreline change prediction (Dean and Houston,
2016). Shoreline change was then modelled to 2100 under low to high Representative Concentration Pathway (RC

scenarios within UKCP18, encompassing predicted changes in rekdivevel.

Vegetation Edge 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 from different timeperiods. 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.

Updating the Extent of thimtertidal: Coast-Ray
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), alwayasteofand) and
areas which are intermittently water and land (the intertidal zone). This water occurrence index is converted into &
percentage figure, but the number of images used in the analysis and the median NDWI value are also availab
Results show that CoastRay can be used to inform potential changes to the extent and geometry of the foreshore

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

Adaptation Scenarios: Hard Infrastructure on an Estuarine Coast

The Dumbartorio Bowling site exerts limitations on the opeoast modelling exercises of this phase of Dynamic
Coast (anticipated shoreline change using Modified Bruun Rule and Ca3MAST MHWS modelling) due to the
estuarine environment with a majority of artificiebastline and large sections of mageund. This report has
therefore been supplemented with a semuantitative analysis of adaptation scenarios which create boundary lines

of adaptation based on existing infrastructure and elevation, erodability, plejeSLR and SEPA flood likelihoods.
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MappingCoastal ErosioBisadvantage

An assessment was additionally carried out to quantify @uastal Erosion Disadvantage g@ial vulnerability of
{020t yRQa 02 YYdzy ), iising Bynain2 Cdastasian ilataf frond tNePrécén2pgst (1970s) through
G2 wnpnd al LIWAyYy3I 2F a20AlLt @dzZ ySNIoAfAGE Ay NBf Il (A
from 2011 and the latest data from the Scottish Index of Multiple Deprivation (2016 & 2Bailding upon previous
considerations of social vulnerability related to coastal erosion and floodingStleéal VVulnerability Classification
Indexis a derivative of that developed by Fitton (2015). It includes existing academic and policy litematoeening
coastal erosion and flooding vulnerability and identifies key indicators of social vulnerability to coastal erosion an
Ft22RAYy3Id LG as81a Itftaz G2 SEGSYR {9t! Q& o6unmm0 SIN

et al(2018) flood risk vulnerability assessment, whiclesiaot 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. Final sections sider options, caveats and how adaptation planning might be

implemented

Coastal Change

Summary

1. The low water mark across Dumbarton to Bowling has generally seen recessiot8®6i994 of up to 141
m, with some recent accretion in placéghis retreat coupled with MHWS erosion has led to an overall beach
lowering and steepening due to the fastenea of MLWS retreatMHWS retreat across Dumbarton has
reached up to 0.5 m/yr withocalised accretion at Milton of 0.8 m/yBowling Sands has experienced MHWS
retreat of up to 0.3 m/yr, with the Milton to Bowling section less variable overall due to inénaktructure
andthe upstreamposition

2. Recent topographic change analysis shows sediment losses have dominatéateshore and estuarine
sedimentwith ~14,200m? being lost oved 5 years.Stability with some kevation increase has dominatedeh
vegetation and inlandnarsh with a height increase rate of¢7 cm/yr from 20082018. Out across the
foreshore of Management Units 1 and 2, the rate of elevation loss has ranged {®onByr.

3. The low topography of the marshlandeans that across some sems from Dumbarton to Miltonthe
infrastructure is unprotected from flooding througimall corridors and culverts. The railway is the primary
line of defence against flooding in most sections due to it being artificially elevated.

4. Vegetation edges have fluctuated between erosion and accrdtimm 2004;2018 with an overall trend of
salt marsh erosion at Dumbarton of @86 m/yr andvegetation accretion across much of Milton at a rate of
1.0 m/yr. The soft sands and vegetation a&s®@owling have experiencedgetation edge erosion at a rate of
up to 0.6 m/yr.

5. The primary risk across the site is the erosion of sensitive salt marsh and resultant increased flood risk to tr
vastly lowlyingbusiness parks and residential propertieaaiMfloodwater access would be along culvents!
streams flowing out through the marshland, providing an access poimdtar behinddilapidated defences.

6. Milton Island has been identified has largely magteund and the previous location of a marsh pgoiThis
low-lying land is now the subject of development plafieer remediation work to clean the decommissioned

Esso fuel storage site has taken place.

The first phase of Dynamic Coast summarized the coastal changasibartonCastle Baysee page 2 of Cell 6
report) betweenl1896 19%3and 20B. Theshore has undergone variable chargfeup to 8 mretreat in one section
between1896and 1963 with a further 20 m retreat between 1963 and 20itBscattered sections often seen along

variable salt marsh shores.
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The seond phase of research, outlined below, benefits from Ordnance Survey aerial survey undertaken in May 201
and updated by multiple vegetation edge surveys. Whilst these are discussed in turn below, various interalstive too

are available withimvww.DynamicCoast.coffior the user/reader to interrogate the results.

Existing Topograptand Flood Levelsom Dumbarton to Bowling
The topography obumbartonis controlled bythe underlying geologgf sandstonescross the shores and under the

town of Dumbarton,backed bya younger complex dfiard igneous rock thamakes up the largehills and quarry
running alongside thed82 and Dumbarton Rock itseFigure3). The shore in front of Dumbarton to Milton is
dominated by lowlying mudflats and saltmarsh ap to 30 an height, which then transitiorthrough the MHWS edge
at 2 mODto reeds and tassesehind before reaching the elevateilway line and woodland behind thiSections
of the landunder theDumbuck Warehouses east of Dumbartomly reache.5 mODfronted only by theelevated
railway line at 6 mOD.A steadily sloping sectimf grasses and sparse woodland Besith ofMilton, which a portion

of the National Cycle Network path runs throudtnis contains a.5 ha pocket of landelow 3 mOD, which drops to
1.8 mOD in some parts directly behind the eige of made grounddjacent toDunglass Basin. This wedgas raised
from below MHWSn the early ™ century and now sitbetween 2,6 mODbehind a vertical concrete and iron sea
wall. East of this théBowlingcoastremainsarmoured by harbour wallffom 4¢5 mODwith intermittent low-lying
jetties. East of Bowlinganal, the coashen transitionsto low-lying sandwith a relatively sharp slope up woodland
>6 mOD.

The nearshore bathymetry shows a fairly continuous shelf edge whemeteshore environment at 1 mCD drops off
into the River Clyde to a depth of 8 mCD. The estuarine environment of Dumbarton to Bowling is displayed in th

contrasting bathymetry of the relatively deep river channel and the broad shallow mudflats of thiedateione.
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National Coastal Flood Protection Features from Dumb#otBowling
An automatederrain analysis has been carried out with the 2088 DEM being analysedam intervals 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 features @edtdnt and
volume of barrier features at specific flood levels. Whilst a range of key heights are available, the overall relative
protective function of thesoft coastis perhaps best summarised by tharrierwidth at 3.5mOD, this being the
elevation d likely future sedevels explored within th€oastaFloodingsection.The automatic barrier extraction

was not run on the armoured coast of Dumbarton to Bowlimg, it is important to note the barrier features
surrounding this as the morphologies extracted may highlight potential floodwater entry points that would further
be exacerbated by any erosion or saltmarstreat. It also should be noted that thrailway embankment acts as the
first point at which a barrier feature is identified, suggestinghatural floodprotection exists forthe landin front of
this.
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Dumbarton Flood Protection Featuresl

Dumbarton to Milton
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EDINA Digimap aerial survey (May 2018) Legend
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Figure4 Flood protection features across Dumbarton, showing the extent of the barriantbthe front points of the barriesymbolised by the
barrier width at 3.5 mOD, and labelled with total barriee width.

Changeso High and_.ow Water from Dumbarton to Bowling
Figure5 shows the planimetric change to MLWS over the course of the last century. The general trend in MLWS chan

from 1896 to 1994 is widespread retreat from Dumbarton to Milton, with the MLWS hmariag retreated inland by

as much as 140 nithis trend is less pronounced but still present from Milton to Bowling; the significantly lower retreat
rates here are most likely due to a combination of the narrower, deeper-dearinated geomorphology andf ¢he
greater amount of hard coastal infrastructure and human interaction with the coastal edge. From 1994 to 2018, ver
little change in the MLWS can be seen across all four management units, suggesting either that few edits have be
made to the originall994 line, or that little change has taken place across the lower intertidal zone. The latter is
unlikely, considering the CoastRéy MLWS shows fluctuations in the smaller channel mouth positions and
morphologies, which would be expected over this timagfie. From the 1994 MLWS to the Coaft&periodbetween
20162018, there has been further beach shortening as the MLWS has proceeded inland at a greater rate than tt
MHWS, retreating in places from Dumbarton to Milton by up to 31 m. At Dunglass @estkecuracy of the Coast X

Ray MLWS mark is less reliable as the other MLWS lines run close to the deep water edge of the harbour wall, wher
the Coast XRay MLWS is up to 50 m seaward of this. However, further east at Bowling sands, the 1994 an& 2018

MLWS lines remain in a very similar position to the 1896 MLWS which ran straight along a harbour wall. This wall f
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subsequently been removed, suggesting some inaccuracy to the 2018 MLWS line compared with theR@gdisteX

for this section up to 4én seaward.

Dumbarton Low Water Change 3 o Dynamic Coast
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Figure5 Changes to each lower beagltomparison of various MLWS survaysl Low water (80% water occurrence) from CoaRayX

Figure 6 shows the changes to the upper shore of Dumbarton as depicted by the posiMiH®AS. The most notable
changes across high water from Dumbarton to Milton are seen in the fluctuating saltmarsh Astjgeent to
Dumbarton Rock, the saltmarsh accreted by up to 66 m between 1896 and 1994, before progressively eroding back
close to thel896 line by 2018. Howeveturing the same period but further to the east, the saltmarsh edge eroded
by as much as 72 m before accreting by 15 m and remaining in a steady location since 2003. Further to the east
front of the Dumbuck Warehouse estatdet MHWS accreted by up to 117 m from 189894 where it remained

fairly stable before receding laterally up into the marsh channels by 96 m fromg2018. Due south of Milton, a
section of sensitive saltmarsh experienced 94 m accretion fromc2®B8, whch was followed by an erosional period

up to 2014 where the MHWS receded back to its 1994 position, before accreting forward again by 98 m by 2018.
Milton to Bowling shows less fluctuation due to its history of mgdeund creation and harbour construction
displayed on historical maps from the last century. From 1896, a harbour wall running parallel to the Clyde was |
place, which by 1920 had developed into an additional dock with jetties running northeast. West of this, the-current
day prism of raised lahsoutheast of Milton was still mud and saltmarsh, but by 1958 this 14 ha area had been filled

in behind an extension of the eastern harbour wall and large storage tanks were installed. The infrastructure ato
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these madeground sections have now been cledr and both sections are undergoing remediation before
consideration for new development. These changes are captured in the MHWS observations through time. TF
greatest natural MHWS change along this stretch has been at the small sandy beach east @ Bavdour in

Management Unit 4, where the MHWS has steadily been eroding at a rate of 0.3 m/yr since 1896.

Dumbarton High Water Changes
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Figure6 Changes tahe upper shore comparison of MHWS surveys date9f, 194 (0OS map series2003 (Airbus Lidar)2013 (SotGoviidar
survey) 2014 (OS MasterMajnd 20B (OS aerial imagery M)

Intertidal Changes from Dumbarton to Bowling
Figure7 demonstrates thenet effect of changes in the positions of MHWS and the Vegetation Edge as expressed il

the vertical changes across the beaches as derived from DTMs captured by Airbus in 2003 and OS in 2018. The cove
of the both highresolution surfaces used in theeshtion change analysis is only from the southwest side of
Dumbarton Rock to Milton Island just west of the Milton to Bowling remediation site. The elevation difference
between the two periods shows widespread minor lowering of the mudflats with pocketaocoé pronounced
sediment loss at the east and west of the surface extent. It is probable that much of the elevation gain recorded furthe
inland from the MHWS is an artefact caused by a combination of a difference in season and vegetation covera
betweenthe two DTMs used and a difference in the elevation data capture and surface smoothing methods (Airbu
aerial lidar vs. OS aerial photogrammetry). However, the region along the MHWS shows concentrated sections of bc
elevation increase and decrease otiere which is ratified in many cases by the change in the lateral Vegetation Edge

position for a similar period, as shown in Figure 8. Sections of this saltmarsh loss can be seen in the east, south
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Dumbarton, whereas saltmarsh and reed edge growth aasden along the vegetation south and southeast of the
Dumbuck Warehouses. The most prominent elevation changes along the swath of MHWS are annotated with the

magnitudes in Figure 7.

Dumbarton Coastal Elevat|on Change e
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Figure7 Changes to the foreshoreeomparison of the difference in beach elevation fro@2@.irbus aerial lidgrto 2018 (OSaerial DTM)
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Dune Vegetation Edge Chanfresn Dumbarton to Bowling
Figure8 and Figure9 demonstrate the change in Vegetation Edges across different survey methods and with a range

of survey years from 2004 to 2018. The insets across the figure showugogews of the greater changes in the
Vegetation Edge position both landward and sealvdy lateral change trend is not as apparent along the entire shore
region, but there is slightly more loss of vegetation adjacent to Dumbarton Rock and across the sandy beach west
Bowling Harbour. There is also a focused section of Vegetation Edgecadseross the shore south of Dumbuck, as
shown in Figure 9. In the areas highlighted in the insets in Figures 8 and 9, where the elevation change is supported
a strong lateral change in Vegetation Edge in the same time period, the underlying vegetadronarily saltmarsh

and short reeds, with some more gragsminated vegetation towards the Gruggies Burn mouth in the east and

Bowling Harbour sand beach in the west.

Dynamic Coast
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Dumbarton Vegetation Edge Changes
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EDINA Digimap aerial survey (May 2018)
obtained via Dynamic Coast project.
Crown Copyright (&DB rights)

2020 OS 100017908 & Getmapping Plc
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Figure8 DetailedVegetation Edgehanges acrosdumbartoncomparingaerial imagedigitised 2004, 2010, 2012 and grounesurveyed
(2018 edges
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Dumbarton Vegetation Edge Changes [& RTINS - Dynamic Coast
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Figure9 Recentegetation Edgehange acrosBumbartonbays fromApril 2004 to May 2018 (both captured viaerial image digitisation)
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Volumetric Changes from Dumbarton to Bowling
The volume changes across Dumbarton shore have been calculated using the values stored in the elevation chat

surface Figurel0). Each cell in the regularly gridded change surface has an area?afidich is then multiplied with

the elevation change for that cell to get a cubic volume of gain or loss (by height increase or decrease). Volume char
per cell is then summed axss each of the geomorphic sections displayed in Figure 10. The volume change values fc
the two management units covering the elevation change surface are presented as a summary in Table 2 and in full

the Appendix.

Dumbarton Coastal Volume Change
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Figurel0 Comparison of rates of volume change across each geomorphic section outlined in white, ffAiels aerialitiar)to 2018 (OS
aerial DIM)

Table2 Summarised volume changes fronD2@Airbus aerialitiar) to 20B (OS aerial DM) across thavestern twomanagement units

: Change Volume Volume change

MGMT Unit area (nt) change (M) rate (m?/yr)
1 (Dumbarton) 523,300 -161,200 -10,700
2 (Milton) 633,100 -53,000 -3,500

SociaMulnerabilityClassification Index
Communitieswithin the Dumbartonand Bowlingsupersite emerges from th8VCanalysis abeinghighly vulnerable

to coastalerosion related flooding eventshe high levels of vulnerability indicated by tf#/Cifor the areas of

Dumbaton to Bowling align closely to the levels of deprivation identified by the SIMD (2020).

Of all the supersites, Dumbarton and Bowling has the highest level of physical and mentalréleddith
vulnerabilities. Of note are high rates of limited daily activity due to health issues and recorded cases of depression

SVClindicator of mental wdbeing. Dumbarton and Bowling also emerged as exhibiting a high level of social
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vulnerability within the 'Population' domain (Table The Dumbarton and Bowlingupersite scored highly within this
category of social vulnerability because of high numlmdrshildren under fowyears of age as well as an elderly
population. Levels of economic prosperity were also recorded as low within Dumbarton and Bowling, although rathe
than this being due tdigh ratesof longterm unemployment, the score for Dumbartand Bowling was influenced

by a high number dfiouseholds witldependent children Wwere there waso employed adult.

I KA3IK fS@St 2F @dzf ySNIoAfAlGe ol a |faz2 NOS/ORRBRMDRONG A
and Bowling. This was resultant from high building density; high levels of Bocisingand to a lesser, but still
significant, extent b private-rented housing.The presence of these combined factors would affect the ability of

communities to display resilience when facthg impacts of a costal erosion related flooding event.
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Figurell SVCtlassifications per data zone with anticipated coastal change usingutee Look from Phase 1 of Dynamic Coast
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Coastal Flood Boundary
The Coastal Flood Boundary (CFB) datgmdilished by DEFRA in 2018K), is reportedin Table3. It displays the

anticipated still water surface level of surge events at various frequencies. Still water level calculations such as the
superimpose the surge level on top of the highedr@somic tide level; and as such they exclude other dynamic
hydrodynamic effects such as wave fup etc; which would need to be considered to gain a realistic impression of
worst-case storm impacts. Whilst in some parts of Scotland the recent updatetelefiam the last version, there is

a negligible increasd. ¢m) from Dumbarton to Bowling

Table3 Tidal and flood levels f@umbarton

Description Level Description Level
(mOD (mOD
MHWS 1.99 1yr (100% AEP) 3.51
HAT 2.59 10yr (10% AEP) 4.03
{9t! Qa | A3IK LIN
Base year 2017 100yr (1% AEP) 4.46
FID 1806 200yr (0.5% AEP) 4.54
{9t! Qa aSR® LN
1,000yr (0.1% AEP) 4.73
{9t! Qa [ 26 LINR

{9t1 Q4 Ct22R whial al L&
Thecurrentd SNBA2Y 2F {9t! Q& Lzt AaKSR Ff{22R NRA]l VYI LA &t

period) and low (1,000 yr return period) likelihood flood extents for coastal flooding, river flooding and surface watel
flooding. The coastal flood evenare the anticipated still water surface levels from the CFB andlyalde 3)
intersected with detailed topographic mapping to identify areas which would be inudd#teugh these extents do

not include the wave run up and other hydrodynamic effects, considered below.

Figure12 shows thepresentdayhigh probability and lowprobability coastal flood extents, in greater detail than
{9t! Qa Cf 22 R bendfitd fomarkecedd digitah surface model (2018) and is more likely to accurately
represent current land level$zigurel2 demonstrates thepotential inundation of the saltmarsh and industrehd
NBaARSYGALFf | NBIa .Gshauddanoteditat the gndankneit Siatddeitraib IREISs upon may
act as a barrierdr this potential inundation, and flooding will only occur if a corridor exists making a conduit for water

to enter the backshore area.
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Figurel2 Summary of preserdaytides andhigh probability (1:10 y#.03mOD)to low probability (1:1,000 y4.73mOD) flood levels from
Dumbarton to Bowling

Relative Sea Level Rise
The UK Climate Projections data (2018) has been used to anticipate increases in mean aeBRlenbarton Whilst

there are considerable domestic and imational efforts to cut greenhouse gas emissions, the recent global trends
remain aligned with the High Emissions Scenario also known as Representative Concentration Pathways 8.5.
context a 2°C future, corresponds to the RCP4"86at 2085. 4°C casponds to RCP8.53% by 2085 and the 5.5°C
future corresponds to the 9%% by 2085.

The anticipated increases in mean sea ldx@mih Dumbarton to Bowlingire summarised belowBy 2050 mean sea
level is likely tdaveincrease& between 009 m and 028 m; and are as likely as not to be abové@n above average
levels seen between 1982000. Rates of sea level risem 204@;2050 are expected to be betweeéh9 mm/yr and
8.3mml/yr and as likely as not abos®2 mm/yr. For context, the longerm pre-industrial relative sea level trend at
Dumbartonis-0.6 mm/yr (Bradley et al 2019).

Giventhe precautionary principle the 986 figures of the RCP8.5 are used throughout this assessment.

Table3 Existing and futurenean sea levelsased on UKCP18 RCP8.Dfombarta. Values inlsaded roware used in example above
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