CREW &z,
Dynamic Coast

Mapping Coastal Erosion
Disadvantage in Scotland




This page is intentionally blank



A CENTRE OF
EXPERTISE
FOR WATERS

Dynamic Coast

Mapping Coastal Erosion
Disadvantage in Scotland

R.A. Dunkley, C.J. MacDonell, L.A. Naylor, F.M.E Muir, J.M. Fitton

-~
fas
NatureScot

Scotland’s Nature Agency
Buidheann Nadair na h-Alba

I University Dynamic Coast
Glasgow S dm—

q

ST ANDREWS LINKS

v‘ Hydro Nation s helames  ~egp
> International gme== Hutton
P N i P

Centre Institute

Scottish Government
Riaghaltas na h-Alba
gov.scot




a CENTRE OF
EXPERTISE
FOR WATERS

Publishedby CREW{ O2 (if  YRQ& / Sy (iNB 2F 9ELISNIA&S ¥F:
policy, delivering objective and robust research and expert opinion to support the developmen
and implementation of water policy in Scotland. CREW is a partnership between theHatiues
Institute and all Scottish Higher Education Institutes and Research Institutes supported by MA
The Centre is funded by the Scottish Government.

Authors: R.A. Dunkley, C.J. MacDonell, L.A. Naylor, F.M.E Muir, J.M. Fitton

Project ManagersEmily Hastings (2017), Nikki Dodd (2018), Sophie Beier-@i?119. Centre of
Expertise for Waters/James Hutton Institute.

Please reference this report as followR.A. Dunkley, C.J. MacDonell, L.A. Naylor, F.M.E Muir, .
Fitton (2021). Dynamic Coad#lapping Coastal Erosion Disadvantage in Scotl@fiv2017_08.
Scotland's Centre of Expertise for Waters (CREW). Available online at: crew.ac.uk/publication

TKS {O020GA4aK D2@SNYyYSyilQa b5 &hgBodtisdGavenmant] CREM
NatureScot & St Andrews Links Trust

Our PartnersAdaption Scotland, Ordnance Survey, Orkney Islands Council, Historic Environm
Scotland, Scottish Environment Protection Agency (SEPA), Crown Estate Scotland, Scottish C
Archaeology and the Problem of Erosion (SCAPE), National Library of Scotland

Research undertaken byJniversity of Glasgow
Dissemination statustnrestricted
ISBN 9780-90270191-5

Copyright:All rights reserved. No part of this publication may be reproduced, modifistored in
a retrieval system without the prior written permission of CREW management. While every effi
made to ensure that the information given here is accurate, no legal responsibility is accepted
any errors, omissions or misleading statertseerll statements, views and opinions expressed in
this paper are attributable to the author(s) who contribute to the activities of CREW and do nof
necessarily represent those of the host institutions or funders.

The cover image shows: (Top) Storm waedlecting and undermining artificial defences at
Golspie, Highland. Copyright: A. MacDonald (2020). (Bottom left) coastal erosion of the beact
adjacent to the World Heritage Site at Skara Brae, Bay of Skaill in Orkney. Copyright: A Renni
NatureSot (2019). (Bottom right) an oblique aerial image of the Splash play park at Montrose
looking north. In the 1980s the play park was-Batk within the dune, due to the subsequent
coastal erosion, now it is in a more exposed position relying on artific#dtal defences.
Copyright: F. McCaw (2021).



¢tKS {O200AaK D2@SNYYSyiQa 5@yl YA

G 4 | Scottish Government 6 CENTRE OF
> < Riaghaltas na h-Alba ‘ R E\ J EXPERTISE
. | gov.scot FOR WATERS

'
4
NatureScot

Scotland’s Nature Agency
Buidheann Nadair na h-Alba

Our Partners:

Adaptation

. B
J®y&,. Ordnance
Scotlan Y Sl Survey
supporting climate change resilience
IsLanps CounciL
"’ ==\ Crown Estate

HISTORIC ARAINNEACHD S E PA' SCOtIand
ENVIRONMENT | EACHDRAIDHEIL Scottish Environment Oighreachd a’ Chruin Alba
SCOTLAND ALBA Protection Agency

_ J National Library of Scotland
Leabharlann Naiseanta na h-Alba

Research undertaken by:

] University
7 of Glasgow




Technical Annex Work Streant 6
Mapping Coastal Erosion Disadvantage in Scotland

ynamic Coast

DR

The authors would like to acknowledge:

Scottish Environment Protection Agency (SEP@)Ordnance Survdgr their ongoingsupport and data.



Technical Annex Work Streant 6
Mapping Coastal Erosion Disadvantage in Scotland

ynamic Coast

DAY,

<4
Contents
EXECULIVE SUIMMIBIY......teiii ittt e bt e b et e oo a et e e e bbb e e e b et e e e b b et e e e bn e e e e anneeas 8
T To [UTot i o] o DT PO O PP O PP PPPPRO 9
Coastal Erosion Disadvantage MaPPRIIg........couuiuuuerreeeeiaaiiieeeee e e e st e e e e e s s e e e e s s s assns e e e e e s s s annnnrneeeeeesannrnees 10
=1 g eTe (o] o VAT PPRPPP PP 11
Defining Coastal Erosion Disadvantage: coupling social vulnerability & erosion.risK................................. 11

Developing a Social Vulnerability Classification Index to underpin the Coastal Erosion Disadvantage. ma®

DIALA SOUICES.....ceiiiiiiiiiiii ettt e oo e e et e e oo e s e e a e et e e e s e e bbb e e e e e e e e e bbb e e e e e e e s sabrrn e e e e e e s aaen 15
Spatial resolution adjustment METNOM...........oiii i e e e e s r e e e e e 15
CrOSSCOIMEIALION CNECKS......eeiiiiiiiie et e e et e e e e e s e e e e e e e s et n e e e e e e e e s nnnneeeeees 16
Variablestandardisatiorand classification MethQd...............c.oooiiiiiiiiii e 17
Coastal buffer zones and areas of anticipated €roSiQnN...............cccooo i 18
PIOMBITY GNAIYSIS...ceiieiiiiiee ettt e e e oottt e e e e e e et e e e e e e R b et e e e e e e r e e e e e e e e nnnr e e aees 19
RESUITS SUIMMIGEY. ...t e ettt e ettt e e e e e sttt e e e e e sk et e e e e e e aas bbb e et e e e e e nnnbbne et e e e e e e nnbnereeeeenns 21
Part 1: Coastal areas and Social VUINErability..............cooiiimiiiiiiiiii e 21
Urban COASal COMIMUNITIES ........eiiiiiiiieiit ittt e et e st e e e abe e e et r e e s e e e e s annneeeeas 25
SUPET SITE ANAIYSIS ... ettt e et e e e e e e e e e e e e e e e et e e e st e e e s ae e aa e e a—e e re e rresaaesarsseeeeeeaeaaeaaaaaaaaaaaaes 25
Part 2: Identifying social vulnerability of coastal properties to Coastal ErQsion..............cccccoeeeeeieeiiiiiieens 27
NAtIONAI MHWS DUTTEES. ...ttt e e e e e r e e e e e s s r e e e e e e e annes 27
Part 3: Coastal Erosion Disadvantage mapping at regional SCAIES...........cccuvvvuiiiiiiiiiiieiiiereeeeeeee e e, 29
Mapping Coastal Erosion DISAdVantage...........cooooiiiiiiiiii it r e e e e e e e e e e e e e e e e aaaaaaaaaeas 29
Localised spatial distributionselected eXemPIar SItES.........ccccccciiiiiiiiiiiiirr e e e a4
Interactive webmap 0f DC2 WSB ANAIYSIS........ooiiuiiiiiiieiiiiiii ettt e s ee e e e e e 52
DT ol B 1] o] o OO PP PP P PPPPPPRPPPN: 53
Coastakocial vulnerability and national social vulnerability in Scotland........................c..e, 53
Social vulnerability and rigkcoastal proXimity & @rOSION. .......e.eeiiiiiiiiiiiii e 53
National MHWS DUFTEIS........oeeiiei et e e e e e e e e e 53
Dynamic Coast 2 erosion araaf050 PrediCliONS..........uiiuurrriiie e e e eee e e e 54
Conclusion and Future impacts upon coastal communities in Aotla.............cccccvveeviiiiieiiiieeeeeee, 56
(Y= (=T (=] [0 PSP RSP 59
Y 0] 01 T [ SRR 61



Technical Annex Work Streant 6
Mapping Coastal Erosion Disadvantage in Scotland

ynamic Coast
e

Executive Summary
Social Justice is an increasingly important policy consideration for the Scottish Goverpantam)arlyin relation to

Climate JusticeCurrently,spatialplanningand risk managemerttecisions within Scotland do nttpicallytake

accountof the relative disadvantage of soc&conomic groups across coastal communitespecially in relation to

how coastal erosiorFlood Risk Management Appraishés/e included Social Vulnerability since 20E6r the first

time inthe UK, usingcotlandas an exemplarthis workaims tocouple anticipated erosion risk wittonsideation of

the social vulnerability of O 2 (i t I y Re@mmur@iesltofpribdude Coastal Erosion Disadvantage maps.

Key findings of this study are:

T

{ O2 G fcoagtat mmunities argenerallyonly slightly less socially vulnerable ththe Scottish averagebut
coastal communities have a slightly higher proportion of the most socially vulnerable groups

The National Coastal Erosion Disadvantage map shows that undetP£C Climate @hgeda | A 3K 9 YA a
{ OSy I NA #&.5), antla8spmingnb future maintenanceof coastal defencg 37%of the residential property
anticipatedto be affected by coastal erosion are within data zones classifigte top three categories of
vulnerabilityaccording tahe SociaMulnerabilityClassification IndeggVQldeveloped here

67% percent of socially vulnerable properties that asmnticipated to beat coastal erosiorrisk by 2050, are
currently undefended

Local authorities with highe€Coastal Erosion Disadvantage include East Lothian, South Ayrshire and Argyll & Bute
The analysispresented hereis based on the combination of data devised through 8¥€l, and measures of
anticipated coastal change identifidény Dynamic Coa&.

The Castal Erosion Disadvantage maps also highlight a need to consider the effects of coastal erosion and erosic
related floodingon smaller communities particularly in island groups such as Orkney and the Western Isles
Althoughislandcommunities often exhiib higher than averagéevek of social resilience, the limited availability

of resources and critical services (such as road networks, local General Practices, grocery stores and workplac
means that loss of accegsservices or lifeline routesould have a significant effect.

This Coastal Erosion Disadvantage Mapping assessment brings parity with Mapping Flood Disadvantage (Scot
Government, 2015). This initial assessment will act as a catalyst of fumtdepth placebased assessments
examine in greater depth the vulraility of coastal communities to anticipated coastal erosion and eresion

induced flooding, and what improvements can be made
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Introduction
Communities are increasingly engaged in discussions relatélietolimate emergency (for example, the Scottish

D2@SNYYSydQa W. A I hoivévefthaseSmainlg fgc@sDNdmissiohLrefidctiovith discussions on

adaptation being less commorRecent RESIL Risk researgip:forca.cf.ac.uk/129452/1/resilrisk - FINAL-ONLINE.pdj)

identified thatpeople are increasingly concerned with climate change, andstbans and floodhg remain the highest
perceived risks, prompt high levels of concern, and are seen to be likely to increase in the future. The wellbeing of tl
Y240 @dzf ySNIofS Ay a20AS0es LIS2Lx SQa KSIFt KX IR K
for protection. However,coastal planninglecisionswithin Scotland do noturrently considerthe current and/or

future socb-economicprofiles of coastal communitiesn terms ofrelative disadvantageto coastal erosioror to
erosionrelated flooding The work presented here aims ta@onsider theanticipated erosion risk (basedon the
anticipated erosion mappingroduced byDynamic Coast)2alongside theSocial Vulnerability Classification Index
(SVCladapted fromthe CoastaErosion Vulnerabilitindex CEV), developed byFitton et al. (2018). These ardhen

combinedwith anticipated erosiorto showCoastal Erosion Disadvantage in Scotland.

Recognition othe social vulnerability of coastal communities to coastasionis animportant knowledgegapsince
overthe next century, Climate Change is likely to result in the acceleratiooastalerosion ratesand thus increased

risk to communitiesThe Scottish Governmentompleted a Mapping Flood Disadvantage assmentin 2015, but

did not considercoastalerosion or combined flood and erosion rig@ktps://www.gov.scot/publications/mapping
flood-disadvantagescotland2015mainreport/pages/8). | 2 6 SGSNE Ay Hnamt {9t ! ARSY
I NBl 8¢ 6KAOK AyOfdzZRSR | FTFOG2NI F2NJ SNRPaA2y® { | @SNA&A

coastal erosionA key recommendation ddynamic Coast, the National Coastall@nge Assessment (Hansom et al,
2017: p. 44)6 | & | toyeSté&bksh wihether linkages exist between social vulnerability and coastal erosion and
coastal flooding vulnerabiliy 8oth social justice and climate justice are kayergingissues of concernof the
Scottish Government (Fitton et al 2Q18cottish Government 202@nd provided the impetus for th®ynamic Coast

2 study reported hereThis reportaims toprovideanl 8 aSaavYSyid 2F GKS NBfFGADS 2
communities to coastl erosion Dynamic Coast erosion data from the recent past modern dayis projeded
forwardsto predictthe anticipated erosiorby 2050 (including theanticipatedinfluence of relative sea level rise on
erodon). Social vulnerabilitthas been mappedising the latest Census data from 2011 and the latest data from the
Scottish Index of Multiple Deprivation (2016 & 2020)e SVCusesexisting academic and policy literature concerning
coastal erosion and flooding vulnerability idertify key indicators of social vulnerability to coastal erosion and
flooding. It builds upon previous considerations of social vulnerability related to coastal erosion (Fitton et al., 2018
and flooding (Kazmierczak et al., 2015; Lindley et al., 2011a @hth2 Wade et al., 2005)n doing so, theSVCI
indicators go beyond consideration of deprivation related indicators #h& primary factors governing secial
vulnerabilityto coastal erosiorno consider context specific factors that would govern the abditgommunities to
response to coastaklatedfloodingevents, for instance, thpresence of an aging populatioihshould be noted that

the Coastal Erosion Disadvantage mayoducedhere differs from that developedby Fitton (2015), which used
9
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9ELISNA LI yQa az2al Nis rdpddtairist tddgsBribeShbwi the@dddiatbErosion Disadvantage maas
devised, detailing how the social indickave beenselectedand mapped for Scotland, thereby allowing social
vulnerabilty issues to be considered within the Dynamic Coast projgemethodologydescribedhas value beyond

Scotlandsinceit uses aransferable andcalablenethodologyto mapCoastal Erosion Disadvantage

Coastal Erosion Disadvantage Mapping

Accelerated ates of coastal erosiQmexacerbatedy climate changand impacting ora relatively densely populated
coast (Fitton et a) 2018), makes consideration of the resilience of coastal commumitiekmate change pressing
guestion Historically, little cosideration has been given to the need to consitlher impact ofcoastal erosionin any
assessment of theociceconomic vulnerability of coastal communities. Consequently, global understanding of the
relative resilience of communities to coastal erosiand of coastal erosiofrelated flooding (hereafteigrouped

togeli K S Nebaktal erdsio) is limited.

As i the case with other environmenthbzards such as floodingWade et al 2005)and heatwaves (Lindley et al
2011a), asessing the relative vulnerability of communities likelyexperiencecoastal erosiofrelated hazardis an
important and useful exerse Socieeconomic factors govern community level vulnerability and resilien¢eard
Providingan understanding of the situations that individualscupywithin differing spatial contexts enhans¢he

ability of governments and local authorities togpare for and respond to such events.

In a novel attempt to assess what makes people vulnerable at the coast, Fitton et al. (2018) set out to ttevelop
CEVlusing Scotland as a test castisidentifiedlandassets and people who would bé high risk otoastal erosion,
relying upon socigpatial indicators of vulnerability (for example, healdtye and income).The coincidence of

anticipated coastal erosion arsbcial vulnerabilityallow disadvantagedommunitiesto be identified(Figure ).

y
/" Social Vulnerability
/ Coastal

."' ' Erosion

| Social Vulnerability Classification Index | ~ Disadvantage
\ based on SIMD (2016/2020) and

‘\\ Census data (2011)

Anticipated coastal change by 2050 |
based on Dynamic Coast 2 A
(Work Stream 2) results 4
High Emissions Scenario/ >

Figurel Coastal Erosion Disadvantage is the consideration of the combined characteristics of the Social Vulnerability of a camantiaity
coastal erosion risk. The diagram outlines the trgata used for eaciNote the baseline coastal erosion assessgehased on a High Emissions

I TAYFGS {OSYINR2 YR | WR2 ydterrative/mhaagent apprdadhes ¥re gldo shéhabé @ show pisdinte? | O F
of coastal defencgs

10
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A keycautionarypoint is thatwhilst the social vulnerability is based on current {8{2020) datg the aastal erosion
riskdatais that anticipatedy 2050 Unavoidablythe currentsocial data lags the anticipateslosiondata by 30 years
and thus it § especially important for current and future development planning processes to use the Dynamic Coast
results to inform planning and development application decisions to minimise future sociabéslg amplified
between now and 2050 and beyondhe reort conclsion includesa summary ofsignificant findings and

recommendations for policy and future research.

Methodology

DefiningCoastal Erosion Disadvantage: coupsogial vulnerability erosion risk

Within this study, we draw upon Sayess al.Q €017, p.ii) definition of flood vulnerability, risk and disadvantage
O2y OSLJidzr t AaAy3a a/2Fadlf 9 NP duhdergtandigd afbofhad 3/9i2 BN LIKIA D
RA&FR@GIyiGlr3Ses S yR yRT aRkLEAIGIER oKdZENOS NI o f FitondBalaf D HlMd
characterisation of social vulnerability as the likelihood of being affected by a hazard is adopted here. Vulnerability
thought of as an individdar group capacity to) ianticipate; ii) cope; iii) resist + recover from an event (Twigg 2001).
Within Fitton et al(2018), vulnerability is measured in terms of sensitivity (degree of effect on individual/household)
and resilience (degree of changaya a @ a i SY ¢ Ol il stapyigRnitiiliBazdesigale state) any coastal
erosion hazardHowever, ulnerability is a quality that exists even if exposure to a hazard is not prekentis
reason,the mapped result of vulnerabilitas presented belowincludes the coast but alsextends inland from the

coast Understandings of socipatial vulnerability to flooding and climate change have recently expanded in the UK.
For examplethe Neighbourhood Flood Vulnerability Index (NFVI) (Sayers @04B)(Figure?) builds upon previous
studies of socigspatial vulnerability (Kazmierczak et &015; Lindley et al2011a; Lindley and O'Neill 2013; Sayeir

al., 2017) to determine five dimensions of sosjoatial vulnerability (susceptibility, ability to prepare, ability to
respond, ability to recover and community support). These five dimensions identified initially by Lindley et al. (2011¢
and subseqantly developed by Sayers et al. (2017, 2018) helped develop the domains and subdomains that are use
within the development of theCoastal Erosion Disadvantage niagre. Lindley et al (2Q1la: 2¢3) originally defined

their approach todetermining sociespatial vulnerabilitt & | & QOF LI 0 A f A  A. FEe@apprdatiINE |
includesconsideration odimensions of welb SAy3 GRSTAYSR Ay GSN¥xa 2F (GKS 2
be able to achieve and things they can alobe functions), in contrast to traditional resourebased measures of
wellbeing, for exampldlINB LISNIi & @ f dzS&a | y R f 2 jargudlyhadtieaeitiidodprovide dzO |

a more realistic analysis of the factors likely to govern amanity's ability to respond to environmentédrces

11
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Neighbourhood Flood Vulnerability Index (NFVI)

—_—

I I  —1
B oy
2 s Zo &2 28
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a - -3 59 £ 2
2 ':: a { bt ':: =4 o ;]
w L]
vl
Houwsing
Age Income characteristics
) i fl
Health Information use Ii:x:ieﬁ?:
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Lecal knowledge availability

Property
tenure

Social

Physical mobility networks

Crime

Figure2: Neighbourhoodfluvial) Flood Vulnerability Index (Sayers et al, 2018)

Developinga Social VulnerabilitZlassificatiorindexto underpin theCoastal ErosioDisadvantage
map

A mixedmethods approach was used to determine a set of indicateexdedto producea mapof social vulnerability
for ScotlandDynamic Coastxploredthe existing UK approaches to assessing community vulnerabifityoing, as
well as identifying ways of assessing social vulnerability to a range of flooding tplsrature and policy
documentation review enableddentification of ways in whichsocial vulnerability to coastal erosiamight be
perceived and an understanding of the factors that migmpact onthe vulnerability of communities and individuals
within them. It also enabled an appreciation of the key aspésscific to coastal erosioth)at needed to be included
within any develoment of indces andtheir subsequent mappingo anticipatedcoastal eosion. From this more
general literature review, key studies were chosertee basis foidentifying the key domains that enhance or reduce
social vulnerability to coastal erosidRitton et al, 2018;Kazmierczak et al2015; Lindley et aR011b; Sayers et al
2018; Wade et al 2005 andsubsequent use fahe Disadvantage mapping

The literature review demonstrated ¢hutility of a vulnerability modethat delineaed a series of domains and sub
domainsasan effectiveway of capturinghe key factors relating to thesocetal vulnerability to coastal erosiortor
NElFazya 2F 0N JobastaleNP kI 2 NRT ritaMdsojrieSocidl FulGgrability is excludéwm the
remainder of the report and the terr8VCI results.o develoghe SVClve usedsevendomains 18 subdomainsand
22potential indicatorsThe chosen domaireze detailedm Tablel. Indicatorselectionwas based upon the availability
of opensource data the rationale for the inclusion of the specific stddmain/ indicator, andthe removal of

duplication between indicators.

12
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Tablel: Social Vulnerability Classification Index (Si¢@inued on next page)

Domain

Subdomain

Indicators(attribute name)

a5 A NB O Aiddicatdr (hedl &

greater than mean =more/less
vulnerable)

Dynamic Coast
ammmmmes

DynamicCoast.com

@DynamicCoasts

References

Total Population

Total population(Total_population

More vulnerable

Required for SIMD/ Census result
contextualisation

Population

Number of Children

People under 5 years o{dge_4 less)

More vulnerable

Fitton et al, 2018Lindley et al, 2011}

Number of Elderly
people

People 75 years or old¢age_75_ over)

More vulnerable

Fitton et al, 2018Kazmierczak et al
2015; Lindley et al 2011b; Sayers et
2018; Wade et al, 2005

Physical and menta
health and wellbein

Physical Health

Limited day to day
activity (Activ_limit_sum_adjust

More vulnerable

Fitton etal, 2018 Kazmierczak et al
2015; Lindley et al 2011b; Sayers et
2018; Wade et al, 2005

Mobility

No car(no_cal

More vulnerable

Fitton et al (2016)

Mental Health

Depression %HIthDprsPc)

More vulnerable

Lindley et al 2011b

Cohesive and
Connected

Community
Engagement/ social
isolation

Single person househol@®ne person
household)

More vulnerable

Kazmierczak et al, 2015; Lindley et
2011b; Sayers et al, 2018; Wade et
2005

Primary School Age
children(primary_school_child

More vulnerable

Sayers et al, 2018

Communities

Information Use

English language
skills(Limit_Eng_lang_adjust

More vulnerable

Kazmierczak et al, 2015; Lindley et
2011b; Sayers et al, 2018; Wade et
2005

Social cohesion

Crime(CrimeRate_2020)

More vulnerable

Kazmierczak et al, 2015; Lindley et
2011b; Sayers et al, 2018

Skills, education ang

training

Education Education attendancéEduAttend_2016 Less vulnerable Fitton et al 2018
Skills and lifelon I More vulnerable . .
learning g No qualifications(EduNoQuals_2016) Fitton et al 2018Lindley et al 2011b

13
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a5 A NB O Aiadicatdr (hedi &

_ . Indicators(attribute name) greater than mean =more/less References
Domain Subdomain
vulnerable)
Longterm Fitton et al, 2018Lindley et al 2011hb
More vulnerable
) unemployed(Longterm_unemploy Wade et al, 2005
Income/ expenditure -
. . Dependent children households no More vulnerable
Economic Prosperity Sayers et al, 2018
employed adul{No_work_parent_tot
Employment More vulnerable
Employment L Sayers et al, 2018
ploy deprivation(Employment_rate_2020) y
_ More vulnerable Fitton et al 2018Kazmierczak et al,
Social rented .
householdqSocial rent total adjujt 2015; Lindley et al 2011b; Sayers ef
Tenure - = -ad 2018; Wade et al, 2005
Private rented More vulnerable
. . Fitton et al 2018Lindley et al 2011b
Sustainable householdgPriv_RentFree_adjust 8 y
communities . People working >30km from More vulnerable Kazmierczak et al, 2015
Physical Access
home (Worktravel _30km_plus)
Geographical access t Public transport travel time to GP, Pos More vulnerable :
. . . . Lindley et al 2011b; Sayers et al, 20
services Office, retaillAve_PT_Services_2020 y y
Remoteness Building DensityBuilding_Density_km2 More vulnerable Fitton et al 2018
. . More vulnerable Kazmierczak et @015; Lindley et al
Mobile home(Mobile_hom
Physical assets Housin ( o 2011D; Sayers et al, 2018)
y d Overcrowded More vulnerable Overcrowding is expected to detraq
householdgovercrowded_rate 2020) FTNRBY Yy AYRAGDARd]

14
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In identifying the selected domains, in contrast to previous vulnerability assessments, descriptive headings have be
dzZaSR (G2 3IABS | aSyaS 2F GKS aOI LI 0Af A (iadSaa éentral yfaRe & F c

understandings of social vulnerability. TB®¥Cdeveloped here seeks to consider both mental and physical health
factors, partly addressing the observation of Fitton e(2018) that mental health was not well accounted for within
existing assessménof socialvulnerability to environmental hazards. Consideration of insurance held by individuals,
commonly included within social vulnerability to flooding assessments, for example, Lindley et al. (2011a) was omitte
from the domains. This is becauseastal erosionper seis notroutinely covered by insers erosionenhanced
floodingis coveredbut assunesthe buildingitself remains unaffected by direct erosioAlso omitted is consideration

of loss of physical transport assets such as road and railway networks, as these are measured here indirectly,
AYRAOIFI G2NB 6AGKAY GKS a{ dza (SVGElWoradieS a rbadl Yietndmy AnalysiS ayélocaRk 2
authority area was carried out in Dynamic Coast 1 and¥i€tesults here usefully extend and can be linked to this

important earlier work.

Data Sources

Given thecurrencyand availability of freely accessible datasets, a combination of the most r&ceatii f Ceidv) &
data (2011) and Scottish Index of Mulé@Deprivation (SIMD) dafaom 2016 and2020 was used within this study.
Thisis a similar approach tprevious studies of flooding and climate change across thedkn(ierczak et al, 2015;
Lindleyet al 2011b; Sayers et al, 2018; Wade et al, 2005).

Spatial resolution adjustment method

Severalof the socieeconomic indicatorselected for theSVCIfrom the Scottish Censu2{11) datasets contain
sensitive data, thexfore the data was publig publishedn lessspecificspatial units Council Areas (CA; total number
(n)=32)andDetailed Characteristic Postcode Sectors (B)3;866) This differenceni spatial scale required@patial
resolution adjustment methoélto be derivedo adjustthese larger spatial unit datasets (CAs and DCskonsistent
Data Zonaunits. Tlke method assume that the characteristics of a given indicatae spread evenly across an area,
and hencecan be adjusted to any given aréa(Data Zoneunits), if the relative percentage of areas can be calculated.

The workflow of the method is detailed Figure3.

15
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Raw/cleaned
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Figure3: Spatial resolution gdstment method; workflow diagram.

Crosscorrelation checks

To identify unintentional weighting towards correlated variabjesach indicator was checked against all other

variables usingpearmarcorrelationto identify strong correlatios (both positive and negativelsing a threshold of

+ 0.85 (Willis et al., 2010) several indicators were idemtieh s

trong correlations and, whertnere was aknown

reason for such correlationtheseindicatorswereremoved or chaged (dates, sources etc.). These correlation checks

were an iterative process with updated lists of indicatansi re-tested to determine ithe changeresulted in further

strong correlations. Several strong correlatiomsre not removed

correlationexistence(Table2).

sincethere wasno obvious known reason for the

Table2: Variables with strong (> + 0.85) correlatian®tainedin model

{LISFENXYIyQa <

Indicator 1 (attribute name) officient

Indicator 2 (attribute name)

Limited daily physical &tivity

(Activ_limit_sum_adjust 0.917
Limited daily physical activity 0.923
(Activ_limit_sum_adjust
Limited daily physical activity 0.892
(Activ_limit_sum_adjust
Limited English Language 0.894
(Limit_Eng_lang_adjupt
Limited English Language 0.919
(Limit_Eng_lang_adjust
No formal qualifications 0873

(EduNoQuals_203}6
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Limited English Language
(Limit_Eng_lang_adjukt
Persons in social rented properties
(Social_rent_total_adju3t
Persons in private rent or renfree properties
(Priv_RentFree_adjust
Persons in social rentegroperties
(Social_rent_total_adju3t
Persons in private renbr rent-free properties
(Priv_RentFree_adjust
Unemployment rate
(Employment_rate_2020
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Tosummarise the 22 individual soeszonomic vulnerability indicators into a single classificaitnolex(1 ¢ 6) for each

Data ZongTable3), an estab8hed methodologyFRitton et al 2018; Kazmierczak et al, 2Pd/as appliedising domains

and zscores Figured, each of the indicators was standardised usirsgareqStep 1)andeach domairfor a summary

of indicators in each domainNote that equalweighting was applied tall the indicators based on the number of

indicators in a given domain (Stepe2g.,4 indicators in a domain, weighting coefficient = 0.ZB)e domains were

then standardised again usingsezores (Step 3), which were then summed together to create an overall vulnerability

value (Step 4). This value was once again standardised (Step H)earalassified into th&VCI

Table3: 6-classSVCt, class ranges andescription

Class o
Class range (summed overalszores) Description
Number

1 z>2 Highly vulnerable

2 1<z>=2 Moderately vulnerable

3 0<z>=1 Slightly vulnerable

4 -1<z>=0 Slightly resilient

5 2<z>=1 Moderately resilient

6 z<=2 Highly resilient

Individual Calculate z- Individual Even weighting Domains Calculate z- Surm;ned,
variables (Data scores variable z- — number of weighted scores weighted
Zones; n =22) scores variables per variables domain z-
domain (n==6) scores

Data Zone
Polygons

GIS import and Vulnerabﬂity
Attribute Join classification
(Data Zone code)
Vulnerability
classification —

Data Zone areas

6-fold
classification

Final overall
Z-scores

v

Sum
domains (no
weighting)

N \a &

Calculate z-
scores

Summed
domains
(n=1)

Figure4: Variable standardisation and classification methogrkflow diagram.
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Coastal buffezonesand areas of anticipated erosion
Multiple coastal buffer zones were created a national scalasing both MHWSMean High Water Springahdother
Dynamic Coas? outputs These buffer zones weresed to identify propertiesicross Sotlandthat lie close to the

coast andmaybe impacted bycoastal erosiomndflooding. The following scenarios are detailed below:

1. Within 25and50 metres of MHW$2 separate datasets)

2. Within Dynamic Coast 2 (Wvk Sream 2) erosionpredictionzones

TheDynamic Coast @rediction zonesdentify areas opotential future erosion based orboth pasthistoric MHWS
change(i.e., areas of known past erosio@nd changse anticipated under future seaVel rise as depicted by the
modified Bruun Rule model us&ad Dynamic Coast.Dynamic Coast @odelledthe rates of erosional changed., x
metres per yearpy decadeforward to 2050and 2100 However,given the likely pace of intervening social change
over the next 80 years or so, projections of social vulneralidit®100 wasdeemed unreliable andot used here
These erosiomolygon areas were also limitday the Coastal ErosioSusceptibility Mode(value between 8¢100
CESM; Fitton et al2016)to ensureerosion is halted when bedrock is encountered and so @eyglicted future
erosionalextent only relates toerodible {.e. soft) shoresonly. It is important to noteerosion modelling has been
undertaken in areas where a natural shoreline exists (ie a natural beach, or a natural beach in front of defences
Erosion modellingpproaches (developed and reported in the Work Stream 2 Report) cannot be deployed on heavily
engineered shores (where MHWS line rests against an artificial structuhexethese defences are known, we have
YFLILISR GKSANI SEGSYd yR dz&ASR (KAa (2 | OO FriskibneEFaNl YR
be vulnerable to future arsion risk depending on the cotidin, maintenance and design life tifesedefences For
further detail on the methods, see dvk Stream Zeport. TheDynamic Coast golygons were subdivided into three

further subpolygons as follows

a. ErosionArea defined aghe area ofactual or highly probable erosion within the given timeframe (in this case
2050);

b. Erosion Influencethe area where some assatgy suffemegativebut indirectimpacts from coastal erosion
since(wave thrown debris for example gtope instabilitythey are orwill be situated close to MHWS;

c. ErosionVicinity: the areathat includes assets (in this case residential properties) that may be indirectly
affected by the coastal erosion/loss of other assets respect{geigh as loss ofeaccess road}itton et al,

2018). This category also inforsithe number of people who perceive impacts of climate change nearby.

As outlined in the Wrk Stream2 report, the anticipated coastal change information cannot be useitidividual
property levels, due to general nature of tlomastal positions usetidelines and smoothing of resulislevertheless,

they provide regionalrather than detailed) assessmeot generalised changanticipatedunder certain climate and

- ) 0 S NS @ a al ai S al a (o] 20 a S R S 0 S 0 S
'hNRY YOS dzNIBS e Q I SNJ al LJ I 2 LJdzoft Aa KSR A SLI SYO S

18



Technical Annex Work Streant 6 .
Mapping Coastal Erosion Disadvantage in Scotland Dyn amic Coaﬂ
>
management scenario§o appraise the soal disadvantageresulting from exposuréo erosion it is necessary to
ARSYGATFe + RFEGIFaShd GKIFG OFy IOl (kejanticipated avdsiGhptStiae saciktal i

data. Residential property is the obvious dataset, but it is acknowledged here that this is an imperfec8pchxan
approach assumes soeswonomic uniformity acrosBata Zoneareas(amongst other limitationf and ignores key
services and lifeline transport linksut its useheremay be justifiedo provideaninitial insight anccatalyst for further
researchlt is also worth noting that this is an initial assessment and further analysis could be undertaken, for example
to consider therisk of erosion the road networks supporting coastal communities. Whilst this has not beenrdon

this project, these are the sorts of research questitives can be asked in follcup work.

The rationale for the various coastal buffer zones (MHWSDamhmic Coast)avas to identify, not only properties
directly impacted by a given coastal exsievent, but also those properties that would bleseto an affected area

and which may incufurther damage or inconveniend® residents due to secondary effects.€. coastal flooding).

Such an approach also provides a societal impression of how peapye across ScotlamdayK I @S SNR aA 2y
andprove valuable in societal perceptions of climate change imp@besinitial starting point was thgb-metre buffer,
determined as a reasonable maximum landward extent of direct impact from a sragenevent This was based

on general observations of damage done behind protected artificial solh$$ possiblghat other coastal types (soft

or hard and mied) could be differentially impacted further buffer zone at 50 metres asidentified to establish
residential properties which may be impacted by secondary effects. It should be clarified that analysing the impact
coastal flooding was considered sadary in this analysisincecoastal flooding has bedhe focus ofother studies
(e.g.,Kazmierczak et al, 2015). MHWScoastal buffers were subsequently clipped to include only areas landward of
the September 201DSMHWS, using a closed polygon datderived from the MHWS line and the English border
derived from the Data Zone boundarieé. furtherbuffer zone was createth the final stge of identifying locations

of clusters of propertiesvithin the Dynamic Coast 8rosion prediction areasThiswas createdoy first merging the
Erosion Area and Erosion Influence zoriEisis waghen interseced with areas that areRS SYSR GRS TSYR
variety ofartificial structures €.g.seawalls) to identify areas the@mainundefendedby artificial structuresand hence

at even moreat-risk

Property analysis

Tolink vulnerability classifications to individual residential propertiesilding footprint data wasised(see page 14
regarding property level assessmentBhis approach differs from prexis approachs (e.g. Kazmierczak et 2015),

by usingbuilding footprintsthat partially intersect the coastal buffer zone descritzzbveandaligns closely withthe
Scottish Environment Protection A3 Sy O & Q 201®Nat®nal Flood Risk Assessment reise (NFRA)footprints
sourced from Ordnance Survey MasterMempography Layegaroduct). Thisnoreaccuratdy identifiesproperties that

fall within the coastal buffer zonethan approaches ugagthe central point of a propertywhich were usedh y { 91t !
2012NFRA exerciselhis step generated the number @sidentialproperties within (or intersecting with) the coastal

zone bufferTheSVCI focusam residential dwellingonly to enablea holisticunderstandingof the impact of coastal
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erosion oncurrentcommunities.Nevertheless, on-residential properties wergatrtially includedwhen considering

the Building Density variable (Sustainable Communities domaible 1) to account for available space to
rebuildrecover afteraneventt SNB &G LI NI ALt AyOfdzaAzyé 2F odzZAf RAy3a
building concerned is included in tlssessmentThismeans that, in the case of the naasidential building density
variable, it was necessary to take the central point of the building as a reference point, which resulted in the partic
inclusion of the buildings in question. This was sasrithe most accurate way of considering available space for

rebuilding, given that the properties concerned were currently nesidential.

The next step was tmcateresidential property footprirg that fall within the coastal buffer zongand identify heir
vulnerability, usingthe GIS attributevulnerability classification® Belect by Locatidibbperation was run tensure
that a whole building footprint was selected, rather than jtist & & f A @ S N&f an lidReSdit §eyiaial overview
of theworkflowis shownin Figure5, with this proceduraepeatedfor localauthority areag* symbol) The spatial join

to attribute buffer attributes to properties was undeken for the two MHWS buffers (# symbol).

Multiple
coastal buffer
zones
Building
Vulnerability Footprints —
classification— buffer attributes
Data Zone (e.g. coastal type
areas” Spatial Join— - BRG]
apply any buffer ||
attributes
Spatial Join Bulld'mg Select by Location SelvecFed Remove fiuphcate Smgl_e c'ount
Footprints— & export selected building properties (zone Building
SEPA vulnerability polygons footprints boundaries)— footprint
Residential & DZ worst case datasets—
Property classified® (selection & erase) coastal
Footprints buffer zones
Frequency Frequency Building Quality
tables operations (Datn footprint UREUIEREE=
Scottish Zone code® & datascts— select by location
Coast 1Tkm @ CEVI el & erase
buffer classification) buffer zones
Data collation in
Excel
Feature to
<::| <:| Points —
centroid points
“Heatline” Constant Raster Heatmap Henatmapping Centroid
& Mosaic to New clusters (Kernel Density points—
Raster Estimation — heatmap
QGIS) input
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Figure5: Workflow diagram showing the attribution of SVCI ditgroperties(thereby creating coastal erosion disadvantggs)astalbuffer
zone property selectio® analysis, plus spatial distribution heatmapping analysis

The spatial distribution of properties selected within each Data Zone (especially thossowilivulnerabilities) was
also analysed using aggregated counts Data Zones for each of the erosion prediction zones as well as other
combinations. A regional scale analysis was also dorledalauthorities to identify those more relatively impacted
Finally, heatmappinghows the Coastal Erosion Disadvantagalbtifying clusters of properties selected within the
various erosion prediction zones with these property clusters weighted towards those with lower (more vulnerable)
Social Vulnerabilitglassifications. For example, two areas with a similar number of ggandperties, but one area
with greater social vulnerability would be ranked highigain anotherwith asimilar number of properties but a more
resilient social vulnerabilityclassification. This mapping was continuous around the whole coast of Scattahd
termed here ad K $nlapi, to indicate the continuous nature of the social vulnerabitigposureto coastal erosion.

The methodology behind such a national scale analysigisonstrated using two main exemplecus areas (on the
South Ayrshire and East Lothian coasts) where the methodology leading to difteoastal Erosion Disadvantage
classificationss explored furtherlt is worth noting that only current properties were assessed rather than future risks
from any planned developments that may leseatedin zones of risk; it is thus recommended tthatcal Authorities

use these and othebynamic Coastata toassess futuer development plans.

Results summary

The following section outlines some initial findings emerging fromQbastal Erosion Disadvantagealysian three
parts. Part 1considerghe characteristics of coastal areaserms of social vulnerabiliffjocusingupon major Scottish
citiesas well aghe Super Sites of Dynamic CoasPart 2 examineghe distribution ofproperties identifiedto be at
risk ofcoastal erosion events, focusing particularly upon coastline characteristics and residential properBatype.
analyseghe spatial distributios of both socialvulnerability and atrisk properties on the Scottish coast identify

CoastalBosionDisadvantage

Aspreviously discussedhis study useswo main types of buffer zone to identify at risk propertias the Scottish
coast MHWS buffer variants, and tHeynamic Coast 2050 erosion areasthisseparation aims t@mphasie the
difference between potential erosion across the entire coativg MHWS buffers) andhe anticipated erosion
modelled forthe soft coast areagDynamic Coast 2 2050 erosiprediction zonel Theseparation also allows fa

more meaningful analysis of the resulggven the variable sample sizes across the buffer zones.

Part 1:Coastal areasnd Social Vulnerability

Figure6 and Table4 demonstratethat, accordingo findings emerging from SVCI analysi®re areno significant
differencesin the socialvulnerabilityof those living withircoastalData Zone(in Data Zone&lentified as being within
50 m of MHWSand the Scottishpopulationas a wholeWhen comparedthe coastal Data Zonesampleexhibits a

similar distributionin terms ofshape, mean and standard dation of classifications, anckelative classification
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Figure6: Distribution ofData Zonesvithin eachSVCfor the whole of Scotlandnd within50 mof MHWS(coastal)

Table4: Counts and relative percentagesiidta Zoneclassifications across Scotland and the selected cdastal Zons.

a a atlo ational Data Zone oastal Data Zone
he alue (n) (%) (%) (n) (%) (%)
1 Highly vulnerable | 266 3.8% 34 4.8% ‘
2 Moderately 743 | 107% | 44.2% 54 76% | 39.1%
vulnerable
3 Slightly vulnerable | 2,068 29.7% 189 26.7%
4 Slightly resilient | 2,897 41.5% 339 47.9%
Moderatel
5 oderalely 996 | 14.3% | 55.9% 92 13.0% | 60.9%
resilient
6 Highly resilient 6 0.1% 0 0%
TOTAIData Zones 6,976 100% 100% 708 100% 100%
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Social Vulnerability Classification Index (SVCI)

Data Zone Classifications
Highly vulnerable
Moderately vulnerable
Slightly vulnerable
Slightly resilient
Moderately resilient
Highly resilient
® Scottish cities
Bay of Skaill
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s
Data Sources:
Scottish Data Zone boundaries - National Records Scotland
Scottish cities - mapcruzin.com 0 25 50 75 100
National boundaries - GADM B <
World Hillshade - ESRI Living Atlas Kilometres

Figure7: NationalSVCData Zone magpcross Scotland. 8or cities andBupersites shown for context. *Noté&tirling and Perth aremitted
from Figure 8 as they arénlandtidal/estuarine rather than coastalin terms ofDynamic Coast RIHWSerosion prediction zones)
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Urbancoastal communities

Figures7, 8 and Ssuggesthe LJ2 LJdzf  GA2ya NBaAARAY3I Ay { OBNiChtalysk asibeingND |
more highly socially vulnerable than those living in rural coastal areas. Figuleedtesthat Data Zones within the
coastalcity regions of Scotlan¢excluding Stirling & Perttgnd severabSuper Sitesstudied in Dynamic Coas?
(including Dumbarton and Bowling, 8nhdrews,and Montrosg display slightmoderate, or high levels of social
vulnerability. Figure8 alsoshowsthere are several areas of hggrsociceconomicvulnerabilityidentified in theSVCI

assessment in these urban areas.

Supersite Analysis

Figure9 presentsSVClesults for theDynamic Coast SuperSte areas(Bay ofSkail] Golspie and Coul, Montrose and
St Cyrus,Tiree St AndrewsDumbarton and Bowling)The site that emerges as theost sociallyvulnerable is
Dumbarton and Bowlingndthe supersites with the greatest level of resilience are Ba$idilland Golspie and Caul

For a more detailed exploration of these findings, please see indiv@iper Ste reports.
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Part 2: Identifyingsocial vulnerability of coastalopertiesto Coastal Erosion
National MHWS buffers

FigurelOand

Table5Tables show thedistribution ofpropertieswithin the coastal buffer zonder the Scottish coagelative to the
SVCobf the Data Zonavherethey are located Thetwo MHWScoastalbuffer (25and 50 m) scenariodollow a similar
distribution. Approximately $¢46%of those residing within coastal propertigentified in the MWHS buffer zones
were classifiedwvithin the i K N&Bce @dalzf y S NI 6 f S £. It &lsb Walitinbthd titabf thé @hgr ropertiesnot
within the more vulnerable classificationsa further 8¢44% are identified as only slidhtesilient acrosdoth the

MHWS buffer zones.

Total Properties per SVCI class Total Properties per SVCI class
- 25m MHWS buffer -50m MHWS buffer
7000 18000 -
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2000
0 0
4&0 Q&
N N
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Social Vulnerability Classification Index (SVCI) Social Vulnerability Classification Index (SVCI)

Figurel0: MWHSbuffer zonedistributions of the number of propertiegthin SVCanalysis

Table5: Number of properties in eac@®vClgroupingfor each of theMHWSbuffer zonesPercentageshown for eaclgroupingare relative to
total properties selectedaoss siXSVCI groupd otal percentages are relative total number of residential properties in Scotlgisde

CIass Interpretation
Number P

footnote 3)

Number of Properties coastal buffer scenarios

25m MHWS

50m MHWS

1 Highly vulnerable 770(5.3%) 1,750(4.8%)

2 Moderately 1,381(9.4%)  45.9%  3,800(10.3%) @ 45.5%
vulnerable

3 Slightly vulnerable  4,568(31.2%) 11,167(30.4%)

4 Slightly resilient 6,473(44.2%) 16,377(44.6%)

5 Moderately resilient 1,450(9.9%) 54.1% 3,665(10.0%) 54.6%

6 Highly resilient 0 0
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Figurell: Number of propertiesgr SVCI groupinglividedinto associated coast typeithin 25m and 50m MHWS buffgrs

Figurell illustrates the number of properties peBVCI groupy coastal type(i.e., behind artificial, hard and mixed
and soft coastFitton et al. 2017 Section 7.1.1 Page 21demonstratingthat the artificial category(i.e., defended
coast)currently protects the largest proportion of properties that are classifieas highly vulnerabl andthe second
highest proportion of properties within the next twaost vulnerable categories. There is also a smaller proportion of
properties within the MHWS buffer zones behind soft coasts that are similarly classsfiedre vulnerable in the
classfication. The possible effect aforrelationbetween more urban property types and coastal defenegglored

within the discussion section.

2 Totalpercentages calculated from total number of residential properties in Scot@8Résidential Footprints)
= 2,582,346 properties
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Figurel2: Number of propertiewithin eachSVCI groupinglividedinto residential property typ25m and 50m MHWS buffgrs

The residential property tymeshownin Figurel2 highlighsl  LINBR2 YA y I y O& apértfnenR S R 2 SIZ8 A ¢
coastal areas across almost &fCI groupingsinterestingly property types that could be more associated with
affluence €.g.,detached)are the seconchighest numbers of properties in thieigher vulnerabilityclassifications
(Highly vulnerablao Sightly resistan}. This is likely due to the fact that in rural areas property densities are that low

that detached propertieslominate this reflects availability of lan@dither than affluence as it might in urban areas

Part 3: Coastal Erosion Disadvantage mapping at regional scales

Mapping Coastal Erosion Disadvantage
This section explores the natiorstale analysis of Social Vulnerability and coastal erosion risk, to inform Coastal

Erosion Disadvantage. Theection above explains how the areas of anticipated erosion (Erosion Area, Erosion
Influence and Erosion Vicinity) are matched with 8CI groupingser data zone. It should be noted that this initial

assessment providessgeneral patternand it is hopd that these data are used to further investigate this subject.

Caution isrecommended when interpreting thassessmentpresented below since thegre partialand basedonly
on the areas of soft / erodible shores which have been modelled exctlide those areas not modelled. Theas
not modelledinclude heavily engineered urban shores (where MHWS lies along an engineered strsettir@arsh

shores and rocky shoresd inner estuarine settings (e.Bumbartor), where the modified Bruun ralapproach is
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inappropriate Neverthelessin these instanceas sea level continues to rigature erosion remains entirely plausible
This igarticularlytrue in areas of soft (erodable) materials of mixed oritliat were historicallyclaimedland, sich as

many urban foreshores

LG Aa ¢62NIK O1y26fSRIAYT |3IILAYy GKIG NBAARSYGAIFf LIN
social vinerability, as the anticipated erosion mapping cannot be used to support detailed prepgglyassessments

(OS MasterMap shorelines asenoothed/simplified version of reality, our modelling is not designed to account for
the local processes operatingthaiese scales Figure 13) belowclarifies the method, by considering two hypothetical
locations, both with 5 residential propertiedustered within an erodible shore. In these examples both sets of
properties are expected to beffected by erosion by ZD (see anticipatedrosion Area and Erosion Influence
polygong, however thesocial vulnerability is different between these locatioAs aresult, the CoastalErosion
Disadvantage Mapping highlights the relatively higtisadvantage (with mor@tense colours in the heahapping

for the area with greater social vulneridity. The heatmappingmethod (for Coastal Erosion Disadvantage) works well

at aregional scale butartographially,thin coastal linesre difficult toview ata national scale
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Coastal Erosion Disadvantage
(EA + EI) - SVCI Class 1
(Highly Vulnerable)

Coastal Erosion Disadvantage
(EA + EIRl - SVCI - Class 6
(Highly Resilient)

Coastal Erosion Disadvantage
Erosion Area + Erosion Influence
. More Disadvantage
Less Disadvantage
Social Vulnerability Classification Index (SVCI)
Data Zone Classificiations

[0 Highly Resiient

Assets & Erosion Prediction Zones

[ Residential Properties (EA or EI)

[ Residential Properties (EV)

I Erosion Area (EA) \ l:)ata Source% (mogiﬁed):

i Scottish Data Zone boundaries -

I Erosion x"ﬁ"'_’" (€0 National Records Scotland

[ Erosion Vicinity (EV) Residential Property Pulyr%ons -
Scottish Environmental

Protection Agency (SEPA)

Figure13: Hypothetical examples of Coastal Erosion Disadvantage mapfopdeft: beige to brown shading along coabsdrip indicaes3 NB I (i S NJ W ]k BrowR éloyyviherd S
erosion area and erosion influence (red polydaristtom left) intersect witha Social Vulnerability class of 6 (highly vulneralilep right beige shows similar number of propertieaffected
by erosiord dzii f Saa W5 AaSbcRIulyetabilisy Slaxd 14HighlK Resilient).
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Total properties per SVCI classification Total properties per SVCI classification Total properties per SVCI classification
- DC2 Erosion Area - DC2 Erosion Influence - DC2 Erosion Vicinity
(2050 predictions) (2050 predictions) (2050 predictions)
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Figurel4: Dynamic Coast 2 erosi@ones;distribution of the number of properties in each of 8CI groupindNote that whilst EosionArea
and EosionInfluenceidentify areas likely to be affected by erosion by 2058siBnVicinity relates toadjacent areas not directiynpacted

Table6: Number of properties in each of tB&Cl groupinfpr the Dynamic Coast 2 2050 erosion prediction ardxe that whilst EA and El
identify areas likely to baffectedby erosion by 205&V relates to adjacent areas not directhpacted

Erosion Erosion

Class Erosion Area Erosion Erosion Vicinity
Aff EA + Aff EA +
Number S\d Group (EA) Influence (El) ected ( ected ( (EV)
El) El)

1 Highly 2 (0.9%) 1 (0.2%) 3 (05%) 25 (0.6%)
vulnerable ' ' '
Moderately 239

2 3 (14% 18 (4.2% 21 (33% 167 (4.2%
vulnerable (14%) ( 0 (33%) (37.1%) ( )

Slightly

3 84 (38.7%) 131 (307%) 215 (334%) 1142 (28.8%)
vulnerable

4 Slightly resilient| 107 (49.3%) 244 (57.1%) 351 (54.5%) 1968 (49.6%)
Moderately 405

5 21 (97% 33 (7.7% 54 (84% 663(16.7%

resilient (97%) ( 0 (84%) (62.9%) ( )

6 Highly resilient 0 0 0 0

TOTAE 217 (001%) 427 (002%) 644 (003%) 3965 (0.15%)

3 Total percentages calculated from total number of residential properties in ScotfaRdsidential Footprints)
= 2,582,346 properties
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Noting the caution above, coastal erosion affects a srbatl critically
important, proportion of the Scottish coastndas suctthe distribution
of social vulnerabilityn the 2050 Dynamic Coast 2 erosion predictio
zonesappearsmuch more optimistic than the initial MHWS proximit
analysis presented aboyewhich considers the whole coasAs
expected, thegreatest numberof propertiesidentified in this analysis

are located within theanticipated Erosion VicinityEV)sub-section,

which is the50 m buffered area not directly impacted by erosiand

which lies inland of thanticipatedEroson Areaand Erosion Influence Figurel5: Eosion Area (Red) anticipated to be
seaward of MHWS in 2050, Erosion Influence
(Pink) 10 buffer landward &fiHWS2050 and
Erosion Vicinity (Pale Pink) a further 50m
landwards.Non and Residential Property shown

& water infrastructure.

areas (EA and Eee Figure 14Bnaller proportiors of propertiesare

located in the Erosion Area and Erosion Influem@as which are more

likely to be impacted directlpefore 2050. However, thanalysis also
identified that many properties in themore atrisk areadell into the slightly vulnerable & slightly resilient categories
(seeFigure6). Figurel6 shows that, particularly for the immediat&osion Area (EA) detached and emi-detached
properties are most at risk. Whilst these may be perceived as more affluent property thpgsre also the property

types that are more common in rural and seraral settings.

Residential property type
per SCVI classification

- DC2 Erosion Area
50 -

[ Detached .
Pt
45 |- | Semi-Detached

[ Terraced

Number of properties

Social Vulnerability Classification Index (SVCI)

140

Residential property type
per SCVI classification
- DC2 Erosion Influence

120 -

[ Back to Back Terrace
[ Detached

[ Flat

[ Semi-Detached .
[ Terraced

100 -

80 -

60 -

Number of properties

40 -

20

Social Vulnerability Classification Index (SVCI)

Residential property type
per SCVI classification

- DC2 Erosion Vicinity
800

[ Back to Back Terrace
[ Detached

[ Flat

[ Semi-Detached

[ Terraced -
[ Unclassified

700

600

Number of properties
— w1
5 3]
3 3
T T

@

S

5]
T

200 |-

100

Social Vulnerability Classification Index (SVCI)

Figurel6: Number of properties pe8VCby residential property type (Dynamic Co@s2050 anticipatecerosion zones Spatial distribution of
vulnerable Data Zones and risk propertieegional spatial distributiog Scottish Local Authority (Council) Areas

With localauthoritiesbeingthe main administrativdoodiesin Scotlandandthe coast protection authorities.€. local

authoritiesempowered under the Coast Protection Act (1948)is appropriate to explorehe spatial distribution of
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social disadvantage ¢his regional scale. The approaeikenin Part 3is layeredas seen ifrigure 17firstly, to include

all properties irrespective of social vulnerability classification or coastal defaece

ndy, to include all socially
vulnerable properties regardless of coastal defence, dhildly, inclusive ofall socially vulnerable properties that
are/are not defended by coastal structurdsis also important to note that not all inner coasts and their urban shores
are ncluded within our analysis, for example, the Glasgow city region and the heavily defended parts of Edinburgh a
excluded from the coastal erosion disadvantage maps aairthiepated erosion mapping deployed in Work Stream 2

(ie modified Bruun rule methd used is not applicable for these settings.

Coastal Erosion All properties —
Asset Risk all SVCl plus
Assessment defended / undefended combined

S

All Socially Vulnerable properties —
SVCI Classes 1-3
(defended or undefended combined)

Coastal Erosion

Disadvantage
Assessment

Figurel?: lllustratinghow the data ad analysigypes used in this repodiffer fromeach other.

In the figures and tables belowgeverallocal authorityareasare either missing (tables) or shown @ propertieg
(figures),dependenton the layer of the analysis. the subsequent figures, a reminder is denoted by an asterisk(s)

which refesto the following conditions:

* -non-coastallocal authoriy areas(see footnote $ orcoastal LA area with rmesidential properties identified

in an erosion prediction zonésee footnote §.

** - reasonsabove(*), plus none of the previous selected propertags classified as socially vulneraldd/Cl

classed¢3; seefootnote 7).

*** - reasonsabove (* & **), plus none of the previously selected socially vulnerable properties are

undefended(i.e., all are defended)

After analysing all three erosion prediction zones, @luombination oErosion Area (EA) and Erosion Influence (El)

across three layers of processing (all properties, socially vulnerable properties, and defended/undefended social
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vulnerable propertiel severalocalauthority areas are highlighte@seeFigurel8, Figurel9 & and Table7, Table8 &

Table9 respectively.

The two local authorities with the highest Coastal Erosion Disadvantag&ase Lothian and South Ayrshiioth
repeatedly identified in the highest classifications on the regional scale arapacross all analyses, indicating not
only a significant quantity of properties in these areas at risk, but also the social vulnertiiundefended nature
of a large proportion of thesareas The details of the quantity and status of theseopertiesis explored belowlt
must benoted that this concerndoes not extendo the whole coastal boundary of these aredsother general
consideration ighat despiteHighlandRegionbeingidentified in several of the analyses dueitesubstantialspatial
SEGSYylG oySINIé wmko #sfongartdhdehtédyalterd codsting $parde Ndpatiarite issres
are likely to be significantly lesslensethan in smaller local authority areadNote that the results have rnobeen

normalised

All propertieg; regional scale analysis
At a regional scald\orth Ayrshire East Lothian and South Ayrshiravesome of the highest mabersof properties

anticipated to be at immediate risk in the next 30 years (Erosion Area + Erosion Influneinckel in table Y. However,
North Ayrshireranks highest at this stagemainly due to properties irthe zone oféErosion Influencé Whenthe
0Erosion Vicinity zoneis examinedthree local authorities have more than 500 properties identifiedh a further

six having over 200 propertied anticipated risk
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Table7: Numbers of & properties, irrespective &VCI groupingr defencesidentified in erosion prediction zonkeg 2050for each Scottish
Local Authority aregtop three local authority areas affected in boltijote null returndiave not beerincluded for reasons of brigy.

Erosion

Scott-ish Local LA Code Erosion Area Erosion Affected (EA + _E.rc.>sion
Authority Area*® (=) Influence (EI) EN Vicinity (EV)
Aberdeenshire S12000034 0 37 37 257
Angus S12000041 1 2 3 40
Argyll and Bute S12000035 25 35 60 521
City ofEdinburgh S12000036 2 17 19 284
Dumfries and o1 300006 11 21 32 142
Galloway
Dundee City 512000042 2 1 3 9
East Lothian S12000010 33 51 84 369
Falkirk $512000014 0 13 13 27
Fife S12000015 41 21 62 504
Highland $12000017 21 43 64 557
Inverclyde $12000018 0 18 18 23
Moray S$12000020 19 26 45 132
Na hEileanan an lar S12000013 0 0 0 32
North Ayrshire S12000021 13 79 92 490
Orkney Islands S512000023 8 26 34 204
Scottish Borders | $12000026 0 2 2 62
Shetland Islands = S12000027 0 3 3 45
South Ayrshire $512000028 41 31 72 265
West Lothian S12000040 0 1 1 2
Totals 217 427 644 3,965

4 Five Scottish Local Authority areas do not have a coastal margimst Ayrshire, East Dunbartonshire, East Renfrize;sh
Midlothian & North LanarkshireA further six Local Authority areasQlackmannanshire, Glasgow City, Perth & Kinross,
Renfrewshire, South Lanarkshire & StirJimge deemed only tidal/estuarine. None dfese 11 Local Authority areavill be
displayedn any of the Local Authority area tables. Other results with zero values indicate no selection, even with a coastal margi
5 Two Local Authority areas (Aberdeen GityWest Dunbartonshire) have no residential properties selecteztasion prediction

zones, even though they are coastal.
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Figurel8: Regional scale analysisth local authorityareas showing the number of properties identified within each of the th@&@erosion

prediction zones (EA, El & EV). Note, this does not acanB8¥ €| groupinggll groupsincluded) or any differentiation between properties
that are defended (by artificial structures) or undefended.
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Vulnerablgropertiesc regional scale analysis
The second layer of the analysisamineda subset opropertiesclassifiedas beingwithin sogally vulnerable areas

(mostsociallyvulnerablei.e. groups1¢3in the SVQIThis process removedifeLocal Authority areghe first layer of
analysis showed 6RBife properties at immediate risk (EA + EI), however, only 1 of these properties wafedassi
socially vulnerablén the second layer of analysiBhisdoes notsuggest that Fifea O2 | a G f  On2nyh¥ dzy A
to the physical hazard risk, but rathtérat those propertiesanticipated to be affectedre likely more resilientwhen
compared to others in the Scottish coastal communitisisdemonstrates the benefit of usirglayered approach to

the analysissinceworking from the general to the specific egldariables hat identify particular circumstances of

concern.

Unpacking the issues in East Lothian and South Ayrshirew both with over 50 socially vulnerable properties at
immediate risk (EA + EI), and at least 30 of those in the Erosion Aredaonether local authorities (Aberdeenshire,
Argyll & Bute,Highland & Orkneyhave 20 ormore socially vulnerable properties at immediate risk (EA + EIl), a

substantial proportion of all their properties &sk,together withsomein Erosion Area.

Table8: More sociallyulnerable propertiesqroupingsl¢3) in eachiocal Authorityarea, identified with2050erosion prediction zones. The
percentages are relative to the corresponding Local Authority and erosion prediction zone

. . . Erosion .
Scottish Local Erosion Area Erosion Erosion

Affected (EA + Vicinity (EV

Authority Area®6© oo (EAY Influence (EB

5 No properties within an erosion zone (EA, El or EV) in Inverclyde are classified as socially vulnerable (CEVI Cl&ses 1, 2 or
" Percentage of Total Properties pescal Authority Areadentified in the various erosion zoné®fer to

After analysing all three erosion prediction zones, @usombination oErosion Area (EA) and Erosion Influence (EI)
across three layers of processing (all properties, socially vulnerable properties, and defended/undefended socially
vulnerable propertiey severalocalauthority areas are highlighte(seeFigurel8, Figurel9 & and Table7, Table8

& Table9 respectively.

The two local authorities with the highest Coastal Erosion Disadvantag&ase Lothian and South Ayrshiioth
repeatedly identified in the highest classifications on the regional scale arapacross all analyses, indicating not
only a significant quantity of properties in these areas at risk, but also the social vulertiliundefended nature
of a large proportion of thesareas The details of the quantity and status of theseopertiesis explored belowlt
must benoted that this concerndoes not extendo the whole coastal boundary of these are@sother general
consideration ighat despiteHighlandRegionbeingidentified in several of the analyses dueit®substantialspatial
SEGSyil oySINIeé wmko gfsfongatdhdehtédyeRierd codsthing sparde Ndptlatiartte issRes
are likely to be significantly lesslensethan in smaller local authority areafNote thatthe results have nobeen

normalised
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Aberdeenshire S12000034 0 22 (59%) 22 (59%) 133(52%)

Angus S12000041  1(100%) 0 1 (33%) 4 (10%)
Argylland Bute ~ S12000035 9 (36%) 17 (49%) 26 (43%) 163(31%)

City of Edinburgh = S12000036 0 0 0 97 (34%)

Dumfries and 1 5500006 0 0 0 31(22%)

Galloway
Dundee City 512000042 0 1 (100%) 1 (33%) 0

East Lothian $12000010  32(97%) 29 (57%) 61 (73%) 245(66%)
Falkirk $12000014 0 13 (100%) 13(100%) 27 (100%)

Fife $12000015 1 (2%) 0 1(2%) 40 (8%)
Highland $12000017  5(24%) 21 (49%) 26 (41%) 194(35%)

Moray $12000020 0 7 (27%) 7 (16%) 35(27%)

Na hEileanan an lar S12000013 0 0 0 11 (34%)

North Ayrshire  S$12000021 1(8%) 1 (1%) 2 (2%) 86 (18%)

Orkney Islands S12000023 1(13%) 19 (73%) 20(59%) 91 (45%)
Scottish Borders ~ S12000026 0 2 (100%) 2 (100%) 62 (100%)

Shetland Islands =~ S12000027 0 3(100%) 3(100%) 4 (9%)

South Ayrshire S12000028  39(95%) 14 (45%) 53 (74%) 109(41%)

West Lothian $12000040 0 1 (100%) 1(100%) 2 (100%)
Totals 89 (41%) 150(36%) 239(37%) 1,334(34%)

All propertieg; regional scale analysis
At a regional scalédjorth AyrshireEast Lothian and South Ayrshiravesome of the highest mabersof properties

anticipated to be at immediate risk in the next 30 years (Erosion Area + Erosion Influnelnclel in table Y. However,
North Ayrshireranks highest at this stagemainly due to properties irthe zone oféErosion Influencé Whenthe
¢Erosion Vicinity zoneis examinedthree local authorities have more than 500 properties identifigdh a further

six having over 200 propertied anticipated risk

Table?).
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Figurel9: Regional scale analysis with Local Authority areas showing the number of socially vulnerable pr&Meli€srouds 2 & 3
identified within each of the thre2050erosion prediction zones (EA, El & EV). Note, this does not diffezdretieveen properties that are
defended (by artificial structures) tmainundefended.

40


































































