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Scotland’s National Coastal Change Assessm ent (NCCA)

Executive Summary Monetising these assets there i
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Disclaimer

The evidence presentedwithintheNational Coastal Change As
property level ofF scale Investigations. Given the precis
locationandroadsetc.) theNCCAcannotbe used to infFer prec

The likelthoodoferosionoccurringisdifficulttopredrc
and their impact. The average erosionratesused i N NCCAcont:
Tfollowed by largeadjustmentsduringstorms. Togetherwintl
the national level dataused INNCCA, detai led local assesst
supplementarydetailed investigations.

TheNCCAhasused broadpatternstoinfer indicativeregional
policy andguiride follow—up investigations. Use of these de
advised and theScottishGovernmentcannotbe held responsi
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The National Coastal Change Assessment Reports

The National Coastal Change Assessment (NCCA) has taken two ar
significant amount ofF new information. Whi Ist the mappec
dvnamiccogstihecboll lowing listdetail ls the reportswhichc

1- National Overview: an overviewoftheproject, itsresults, implic
2-Summary: asuccinctsummary ofF the NCCA.

3 - Erosion Policy Context: the existing and draft policies 1n Scotland
coastal erosion, largely basedon the responsescontribut

4 - Methodology: descr ibes the methodologies usedwithin the NCCA, |
5-Data Audit: summar ises the datasetsusedwithin the NCCAand out

6 - Defence Asset Database: reviews the current requirement for a nati
database.

7 - Cell Reports: The NCCA resullts For each of the 1l coastal cells are
reports intotal summarisingchangeswithinl42sites aroun

8 - Whole Coast Assessment: a summary ofF the proximityofFsocirety”™s asse
coastline. [ltdetaills howmany burlldings, roads, rai lways
distances fromthe coast.

9 - Vulnerability Assessment: ani nd icative natiocoad slEmassnehdE assets
iNncreasedriskofFfuturecoastal erosionifrecentrateso-

10 - Recommendations: summar i ses the recommendationsarising From
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Natirional Overview

Dynam ic Coast — Scotland’s National Coastal Change Assessm ent

1.0 Introduction

Before this assessment, the Scottish Government, its publ
national overviewoftherisksorresiliencetocoastal erao
(NCCA) addresses thisgapasthe Firstnational evidence bas
softcoastover the periods the 1890s to the 1970s , and the 1970s t
thousand maps ofScotland™s soft coast have been compared:
Survey (05, the NCCA has also updated and revised their modi
bodies, Local Authorities, and the publl 1c can now see how ti
vearsviapubliicallyavairllableweb—maps.-

1.1 Aims

The aimof the NCCA 1s toundertake ahistorical mapping anal
positionsofScotland”sshoreline. The pastchanges are pr«
atgreater riskof future erosion. The NCCA INncorporates res
coastal zone, to Further improve our understandingofris
carriedout of the entire coast to identify the proximity
context For vulnerabillity assessments. This vulnerabirl i
between the areasofanticipatederosionand the assets, a
be infTluenced by coastal erosion. ltconsiders for the firs
The document below provides a national overview For the NCC
trends. Detail led regional trends are covered within cell
CoastalCellsltoll) . Theindicativevulnerabirlityassessme
reportscanbe accessed v ilyymhe boddastvatnmmaps

1.2 Background

Theextentofcoastal erosioninScotlandisincreasingly re
policy. Scotland has thus Far been under—-prepared in that «
priecemeal and often reactive to damaging events. Coasta
exacerbate coastal Flooding) has not been systematical
Government has sought to FfFundresearchthatal lows anasses
andvulnerabillity to, coastal change, today and into the T

The NCCA research has rdentified historical coastal chang
vulnerabirllityassessmentsalongScotland”scoastline. Ine
project (howcoastal erosioncouldbe incorporated iNnto cc
to rdenti Ffy thoseshorelineswherepotential erosstonmay i

Such an approach aims to support the improved pol icy Framey
Change Adaptation Programme , Flood Risk Management policie
andStrategicandlocal DevelopmentPlanning. NCCAReportsi3ar
the policycontextand thepoliciespertinenttocoastal el
the evidence base and impetus tocoordinate and integratec

6
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Tloodrisk, ascalled forwithin the Adaptation Sub Committ
CGept2@liyhKhiswilll enableScotland tobemoreresilientto
FTloodingrisk, andmore informed about the impactsofcl im:

The NCCA has been developed by the UniversityofFGlasgow (J- D.
Scottish Government (A. F. Rennie) in partnership with Scot
EnvironmentProtection Agency (SEPA) and Historsc Environmer
on behalfofF theScottish Government by the CengweamdAinpert
steeringgroupsetuptohelpguide thedirectionofthe res
Government, Scottish Natural Heritage, Historic Environr
ProtectionAgency , AddaptationScotland, Ordnance Survey anc

1.3 Glossary

Tablel_lbelowprovidesaglossaryofFtermsused inthis rep

Tablel _1 - Agllossary tothe termsusedwithinthis repo

Term Definition

The burs ld—up of sediment resulting In the sec

Accretion coastline/ MeanHighWater Springs

The seaward movementof the MeanHighWater Spr it
Advance cause ofFthis movement iisnot infFerred. See acc
withnatural coastal processes.

8,LASCtoastl ine with man—-made structures along th

Artificial co _ _ _
i erosionandmovementofMeanHighWater Springs

The adjustment ineconomic, social or natural s
Adaptation or expected climatic change, to imit harmful
beneficial opportunities

An Item, suchasabuilding or protected area, -

Asset Z _ —
economic, social , orcultural value (orcombir

Athree-dimensional representationofthe ter
Digital Terraimttledeludes bui ldings and vegetation. It Isuse
Elevation Model

Digital su rfacAeﬂg)'a%q_c_j i men_s ional representationof the sur
vegetation (i Fpresent)

The removal of sediment resullting 1n the Tanc

Erosion coastline /MeanHighWater Springs

Anareaoferosionadjacenttothe endof coasta
Erosional bightccurs as thesedimentsuppllydeficit (exacertk
withinthe nextavailable sectionofbeach

Gardens oF Déstgaddstedwithin the lnventory of gardens ar
Landscape supportofFtheAncient Monuments andArchaeol O¢
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Term Definition

TheGeological ConservationReviewisaUk—wider
joint N%tu re Conservation Committee, which sel
Geological Conserv
ReViewsi te most representatlve geological and geomorphc
For geological sites these underpin the Site o

network

q_re atideorwave—-driven longshore current

Powndra ft/ude 'om updrift toward thedowndriftsectionofca

A coastline composed of physically resillient
Hard and mi xed sedstents, whichisunlikelytoretreat. Erosi
yvyear and adjacentassetsareunlikely tobeafT

High Water Mdhk HONOST became MeanHigh Water Springs in later
Ordinary SprimgpscdéE&ebis is a terminology modification an
(HWMOST) unchanged .

The height oFMHWS I s the average throughout the
Mean High Wate hmhiwgiters during those periods of 24 hours whe
(MHWS) atitsgreatest. The values oF MHWS vary Fromyes
approximatelyl8_6years. (National Tidal and Se

LIDAR (LightDetection andRanging) isaremote ser
L # DAR lasers to measure distances thereby creating
maps

Neagative arad en;:Iylng inland coastal areas, which are sep:
9 9 barrler which i Fremovedwouldallowtidal Fl«

O as w eaSlgnlflcantflood riskexists no
Potentially 1_u nera E
Area Tture. ey arebasedonterrestrial sub—-catc

alongside flood risk

rlg) erties which are listed in the care ofF Sco

Propertiesin IstoricEnvironmentsScotlandAct?2014

The landward movementofthe MeanHighWater Spri
Retreat cause ofF this movement is not inferred. See erc
withnatural coastal processes.

Sedimentbudget isaconceptthatapplies tosal
itreferstothebalance between sedimentadded
coastal system; inthis respect, the coastal s

Sedimentbudgestccount. When more material 1s added than isre
ofFsedimentand the shore bui lds seaward. On th
material isremoved than isadded, there isade
the shore retreats landward.
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Term Definition

Sedimentbudget isaconceptthatapplies tosal
itreferstothebalance between sedimentaddes
coastal system; inthis respect, the coastal s

Sedimentsuppiccount. When more material isadded than is re
ofFsedimentand the shore bui lds seaward. On th
material Is removed than isadded, there isade
the shore retreats landward.

scheduled MonuEnaetnltoSnal Iy_l mportantsites, listed insupport
rchaeological AsreasAct1979.

Acoastline composedofunconsol idated sedimel
SofFtcoast resilient to erosion, but relies on the balai
maintain itsshape inresponse tostorms and ev

Asitedesignated under the HabitatsDirective
6bpecnal Protection Areas, are collectively kni
internationallly important for threatened hab

Special Are
Conservation

A site designated under the Birds Directive._ Tl
Special Protecipeacwakbéreas of Conservation, arecollectivel
are internationally important for threatened

Areas oFf land and water (to the seaward Iimits
Site of Speciakdosaderidy ScottishNatural Heritage torepr
InNterest heritage —i1tsdiversityofplants, animals ana

oracombinationofsuch natural Ffeatures.

1.4 Methods

Toestimate coastal changeonanational scale, theNCCAused
mapping products thatwere availabledigitally._ AFfull ver
1N NCCAReport5. However , the methodologires used to comp l ete
describedbelow:

Toprioritiseandanalyse the coastal changeoutputs, &
soft, hard and mixed, or artificial coast) was requi
knowledge FromHansom, Fitton, andRennie andaerial ph
were thenprioritised foranalysisas these the locati
Followingon Fromthis, thehistorichighwater mark (M
was manual llyydigitisedandverified frongeorectiFfiec
“1890s coastline” _
Thehistorichighwater mark (MHWS) From0S1:-10, 000 maps 1956
isFromtheldyfs) wasdigital llyextractedandmanuallyyv
coastline” _
The modern highwater mark (MHWS) wasdigitally extract
MasterMap - Where possible this was replaced by MHWS I 1
modelscreated fromLiDARand aerral photography .- Thisde
and includes data from 2003 to 2016 -
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The coastl ineswere comparedto identi Fy the amountand
produced two datasets, the Firstcompared the coastal
datasets. The second analysed changed between the 1970s :
The coastal change rates were then extrapolated 1nto’
potentially impacted by Futureerosionwere identiTfic

10



Scotland”sNational Coastal Chan

2.0 Results

2.1 Characteristics of Scotland’s coastline

Hard rocky coast and other areas of mixed sediments that a
dominatesScotland”scoastline. UsingNCCAdata, together the
or/8%hoftheshorelineby length.The “mixed” descriptionre
sediments (overburden) lieson topofbedrock stwill have
makes up 19% ofF the shoreline by length, extending to 3,802 |
remaining 3%, extendingover 9l km (Figure?2._1) . Thedistriibu
the coastwith theeastcoasthavinga larger proportionofF
northandwestcoastsreflectingalong, rock—-dominated al
Figure2_2)

Coastline assessed
within the NCCA |

A

78% 19% 3%
Hard and Mixed Soft Artificial

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure2_1: ProportionofHard&Mixed (78% — 15,613 km) , Soft (19% —
Scotland (Source - NCCA) -

Table2_1llengthofScottishcoastlinebycoastal cell - Removed Fromthec
extendsadistance (ca.- greater than200m) upstreamininletswhere fl

Total Length Hard and Mixed Soft Artificial

km % km % km % km %
Celll Forth 452 2% 184 41% 105 23% 163 36%
Celll2 Tay &EastCoast 546 3% 278 51% 188 34% 80 15%
Cell3 MorayFi rth 1,024 5% 332 32% 603 59% 89 9%
Cell 4 North Coast 560 3% 416 74% 137 24% 7 1%
Cells5 WestCoast 7,414 37% 6,243 84% 1,143 15% 28 0%
Cell 6 Clyde 1,405 7% 884 63% 376 27% 145 10%
Cell 7 Solway 546 3% 247 45% 291 53% 8 2%
CelIs8&9 Westernisles 4,414 22% 4,015 91% 376 9% 23 1%
Cell 10 Orkney 1,024 5% 623 61% 372 36% 28 3%

Cell 1l Shetland 2,621 13% 2,391 91% 212 8% 18 1%
20,006 100% 15,613 78% 3,802 19% 591 3%

AusefTul method toexamine coastal characteristics and Fur
in Scotland by Ramsay and Brampton (2000) - Use oF coastal cel |
based on a recognition that the processes that shape an
administrative boundaries but are related to changes and
natural boundaries (headlands) . Changes inerosion, accre
are regarded to be largely unrelated to, and unaffected by
the cell can be seenas self-contained in terms ofF sedimen-
sediment largelymoves inonedirectionandmay pass arounc

11
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onlly I1n very small volumes._. Within acell, any engineeri
sedimentdeliveryontheupdriftsideofacoastmay impact
sediment may circulate freely between both banks and so
estuariesaredefinedassub-cells (Ramsey andBrampton, 20
ascientificperspective, itremains thatlLocal Authoritie

1%
Soft 8% /
™ Artificial y 1°
Cell 11 > O 8
Il Hard and Mixed g3
91%

13% of Scotland's total coast

24% 0
Cell 4 1% 10 ¢
37%
1% 74% p &= Cell 10
9% fo 60% O\
3% of Scotland's total coast X
4 P 3%

Cell8&9 J 5% of Scotland's total coast
\ &
.- /

91% ;

32%

Cell 3
> 4 59%
" 9%

22% of Scotland's total coast >

5% of Scotland's total coast

15% 0.4%,

35%
Cell 5 <----mm Cell 2
i
84% 2
\ 15%
37% of Scotland's total coast > 5 o o o S ot ot

27% )Rl 6 T
Cell 6, () N\ 1%
63% - 10% ‘

23%

Cell 1

) 36%
V/
7% of Scotland's total coast

| 2% of Scotland'’s total coast
(O 7
a% 1 A

Cell 7
7 53%
/
/
l/

o
3% of Scotland's total coast

Figure2_2:-DistributionofHard&Mixed, SofFtandArtificial coastli

12
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Table2_2:- National Statistics For Scotland"scoastli

Statement Source / Scale

EUrosion (2004) appraised theerosional statu
estimatingthat, atl:-100,000scale, Europe”sc
long, withScotland”sshorelinebeingll, 220k
coast) . Thisexcludes the inner parts ofF the
eYtimated acoastal |l engthof11,800km.

EUrosion C2004) http:-//www_eurosion
online/reports._html

BaxteE=r@99) Scotland”s livingcoastline._ SNH.

The NCCA has establl ished the total lengthoft
Scotland’s coastlineis 21,305 kmlong Spring tidel i Nn€1B0b iog tdaswicar the Ordnance
(based on the most detamleyl satastexiVMap dataset (captured atl: e
mapp i ng 2015) - 000 scalles 1IN urban, rural and mountain/
respectively).

Scotland has at least 11% by length of
Europe’s coastline (based
EUrosion (2004))

Scotland has 3,802 km of ‘soft The softor potentiallyerodiblecoast iden
erodible coast, or 19% of the total Coastal Change Assessment is based on geolc

coast aerial imagery atamoredetailed level thai
(based on the most deltexileckbaaan dhalupdated 0S MasterMap MHWS B i
mapp i ng 2015 & NCCA) . categories includeArtificial andHard/ Mi x

Scotland has 591 km of artificial Artificial coast (protected by human stru
coast, or 3% of the total coast (basd&dtontage) was identified within the Nati
on the most detail hRedesataohabased on an analysisofgeologi
mapping) imagery, and isdepictedon theOSMasterMap \

The artiFficial coast measured54lkm i n the 1970
modern mapping .- More than % oFfFdefenceswer
the 1970s maps but the lack oF comprehensin
photography to corroborate means the mode
underestimate.

Majority of defences were built
before the 1970s.

Scotland has 15,613 km of hard / Hard/mixed coast (rocky/Zlimited erodibl
mixed coast or 73% of the total coast. FdentiFfiedwithintheNational Coastal Chane
(based on the most destradanaliveasiohgdological datasetsandaeri
mapp ing) on the OSMasterMap MHWS 1 i ne .

865_-3 km oF sofFt shorel ine has moved more thar
865 km of soft shoreline has changed exceeding 0.5m/yr since the 1970s . 423 _2km (11%)
more than 10 m since the 1970s. 442 .1 km (12%) has retreated and 2,936 .5 km has re

Q7% -

£1.2bn of residential properties

benefit from the protective function FEtton, J_M_. (2015) ANational Coastal Erosion-F
of coastal sediment accretion (9,888 Scotland . Unpubll ishedPhDThesis, University
properties)

Usingthecoastal cell-basedapproach, muchoFfFthe eastcoa
coastbackedby low—-1lying land that has supported urban an
extensive transport infrastructure the eastcoast I1s asse
the western and northern islles are dominated by rocky coec
present, forexample on thewesternseaboardsofthelUists,
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ismore limited and builtassets more infrequent. An excep-
thefFirthofFClydewhereextensive lengthsofpreviously sof
asset-rich hinterlands supporting industrial and housi
Scotland”sgreatestextentofsaltmarshoccurs._. Table2_2su
coastline.

2.2 Coastal Change Results

2.2.1 National Results

The softcoastline (coastswith the potential toerode) mak
(Figure2_.1) . However , between a hal F and a quarter ofF the cc
network lie intheseerodiblesections (seeNCCAreport9:z Wh

The historical periodextended Froml189 to 1976, duringwhich
eroded, 29% (1,067 km) accreted and the remaining5% remained:

Coastline assessed
| within the NCCA |
[ I
78% 19% 3%
Hard and Mixed Soft Artificial

Coastal Type

Retreated i Advanced
17% o Change oo

-0.45 m/yr B2 0.76 m/yr

1890 - 1970

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

F igure2_3 Historical coastal changeresults (notadjuste

Since the 1970s, 865 km oF the soft coastline has moved positic
(442 km) has eroded; and the remaining 77% (2,936 km) has remair
2.4) . The average surveydate For thehistorical maps 1s1899,

For the modern maps - This measdiht hireethasdyeect martae Igb l e ove
modernperiod (37years) toal lowchange tooccur , compared\
Standardising the data toaccount for this shows that since
iNn the amountoferosionwhich has occurred and a22% fall §r
with the comparable period before the 1970s (Figure 2_4) . In &
doubling inaverageerosionratestol_.0m/yr over the moder

14
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Retreated No Change
8% 78%
Historic Period (1899-1976)
Normalised to 37 years
Retreated No Change
12% 77%

Recent Period (1976-2013)
37 years

39% increase in retreat

0% 10% 20% 30% 40% 50% 60% 70%

Advanced
14%

Advanced
11%

22% decrease in advance

80% 90% 100%

Figure2_4:- TheproportionofFsoftcoastthathasadvanced, retreated . «
(1l9O970—-Modern) timeperiods (historicaldatanormalisedto37yrs) -

2.2.2 National Interpretation

The normal iseddatasuggeststhatatrendofincreasingero
has occurredbetween the historical and recent periods th:
over the nextid/years, assumingacontinuationofthese trer
to rdentifywhere any additional erosionwill be locatedb
inerosionextent (Table2_.3), itislikely tobe locatedon-
have also been used to project any known significant eros

Assessment.
Retreated No Change
8% 78%
Historic Period (1899-1976)
Normalised to 37 years
Retreated No Change
12% 77%

Recent Period (1976-2013)

. i 37 years
39% increase in retreat ¥
Retreat No Change
16% 75%
Next 37 years
(2013 - 2050)
0% 10% 20% 30% 40% 50% 60% 70%

Advanced
14%

Advanced
11%

22% decrease in advance

Advance
9%

80% 90% 100%

Figure2_5:- ExtrapolationofF the possible Future changes based on a cor

change (normalised for timeperiod) _
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2.2.3 Regional Results

In addition to the national trends 1dentified above, ther«
natural protection infFluencing the soft coast erosion an
(Figure??2_.6) . This 1s because some ofF the soft sections oF cc
enclosedcoasts, whereasotherslliewithinmoreopencells
softcoast.

2%. 2%
Advance

No Change
M Retreat

Cell 11

95%

12% 3% 5%

Cell 4

8 10 ¢ ‘
80% «“--- Cell 10
10%
96%
v A
Cells 8& 9
‘ 16%

Cell 3

79%

62%

4%

39%

Cell 5 Cell 2

87%

32%
Cell 1]

Figure2_6:- The proportionofadvance ., retreatandnochangealongthe <
coastal cell _ Notethe larger proportionofaccretionanderosionwithi

The more exposed mainland eastcoastcells (1,2,3) andSolwa
soft coasterosionandaccretion (1_.e._ significant chang
grey sectionsoffFigure2.6). On the rock—-dominatedcells C

16
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stability 1s far higher and the extent of erosion and acc
protection offered to the soft sections ofF coast by the si
throughtime, theproportionofsoftcoastexperiencingei
Tor the time periods the standardised dataonacelllsbasis
2.3) , whereerosion isbecomingmore commonwithintheFirtt
MorayFirth, Westcoast, SolwayFirth, Orkney andShetlandisl
isbecoming less commonon the North coast, Clyde and Westevx
becoming more commonwithinthefFirthofForth, Firth of Tay
FirthandWesternisles (Cellsl,2,4,7-9) _.Accretion isbecom
Westcoast, Clyde, Orkney andShetland.

Table2 _3TrafFic lightportrayal oFchanges intheerosionandaccretic
period (normalised for time period) - Relativedirectionand magnitude
red (erosion) andgreen (accretion) - Alsonote thedetai ledbarcharti

Change between 1890-1970 (normalised)

Cell and 1970-Modern
Retreat Advance
1- FEirthotfF e Inoceasec
2— Tay &East e Incceaasa
3— MorayFir I kEBhEBscrease
4— Northcoast Sma vl eaddaserease
5— Westcoast Sma kil ndeeasasa
6— Clyde Smal 1 DeciteambEDecrease
7— SolwayFirth INncréaskl Increase
8&9—-Westernisles Smal bbaeddeacseease
10— Orkney IncraeaasebDecreasd

11— Shetl and_ncﬁeaseasé!

Again, when thespatialdistributionofFthese changes is cc
erosionandaccretionare locatedprincipallyontheeastc
andCell2&3extenthastripled, andSolway - Whilstthereare
they aresmalller than the erosional loss (seefFigure2._.8) . W
the level ofF protectionoffered from the surrounding rock
and erosion has beenmuted.

2.2.4 Regional interpretation

The changing dominance ofF erosion and accretion (outlinec
towarderosion. Thiserosiontrend ismoreevidentonthe e
agreater proportionofFhistorical development (i - e. ass
requiringthe constructionofcoastal defences. Incontras
the rock—-protectedcells, have lessmobility, Iesserosic
erosion/Zaccretionbalanceover time. This supports the as:
ismanifest ingreater coastal erosion, thenthisismorel
to be offset by accretion. Whillst the itncreased accretior
erosion, often the accretion is locatedwithin more remot
Firth. Unfortunately, the reverse isnotalways the case,
the developedandundevelopedshores.
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{'f_?
it
L
e Chs T8
B e i
e |2 St
Wincrease  »50% Decrease ¥, "'g."-"
small Decrease <50% | Small Decrease < 50% .'IJJ:L
b
Decrease < 10085

Small Decrease ¥
Small increase A

Decrease ¥

_Smal} Decrease ¥
Small Increase A |
L

F

' Small Increase A
Decrease hd

5mall Decrease ¥ [
Small Decrease ¥

Figure2_7:- Mapshowingthedistributionofchangingextentoferosiao
1970s) andrecentperiod (1970s—Modern) -

Thereader iisreferredtothe aindividual eachcell reportsT
withinthatcell (NCCAReport7) .TheCel l Reportsprovide accol
the coast, asshown infFigure?2_9andTable2_4._
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1890~-1970(Normalised)
1970 - Modern

Cell1

1890~-1970(Normalised)
1970 - Modern

ot I e 0 S S T N 155 - 1570 o)

1970 - Modern

1890-1970(Normalised)

ot I e e e
I 7 e s B e e o e e T 170
cons I e e N, - 1570 ot

1970 - Modern

I e T S e e A TS S T N A 115057 o
N L L

1970 - Modern

1890-1970(Normalised)

Cell 7 _ -_
N e e e e e e e . -1/

1890-1970(Normalised)
1970 - Modern

SN R R - S ST N |
ot & o e s s

| ! I 1 I 1 I I I I 1

1890-1970(Normalised)
1970 - Modern

1890-1970(Normalised)
1970-Modern

W Retreat  No Change m Advance

Figure2_8:- Proportionofnormalisedhistorical period (ca- 1890-1970) andrecent (ca- 1970—-Modern)
andaccretionwithinthehistorical periodhasbeenreducedtonormalise fora37 year timeperiod .
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Site discussed within the Coastal Cell Reports
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Figure2_9: locationmapofsitesdiscussedwithinthelCell Reports._ See’
areorderedbycoastal cellswhichrunanti—-clockwise aroundthemainlec
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Table2 _4:-SitesdiscussedwithintheCel lReports. SeeF igure2_9 formapofsites._. TheCel l Reports._ Sitesar

islands .

Scotland”sNational Coastal Ches

# Name CoastalCell  Local Authority # Name CoastalCell  Local Authority # Name CoastalCell  Local Authority
1 Dunbar 1a East Lothian 50 Kinlochbenie 5a Highland 99 Traigh Mhor Eoligarry, Barra 8a Na h-Eileanan an lar
2 John Muir Country Park at Dunbar 1a East Lothian 51 Clachtoll 5a Highland 100 Holm (SW of Braigh) 8b Na h-Eileanan an lar
3 North Berwick 1a East Lothian 52 Opinan 5b Highland 101 The Braigh 8b Na h-Eileanan an lar
4  Gullane and Aberlady 1b East Lothian 53 Loch Carron (Attadale) 5b Highland 102 StornowayAirport 8¢ Na h-Eileanan an lar
5 PortSeton 1b East Lothian 54 Inverie (Knoydart) 5b Highland 103 Sands of Tong 8c Na h-Eileanan an lar
6 Prestonpans 1b East Lothian 55 Arisaig (Back ofKeppoch) 5b Highland 104 Eoropie 9a Na h-Eileanan an lar
7 Dalgety bay 1c Fife 56 Kylerhea (Isle of Skye) 5b Highland 105 Luskentyre and Taransay 9¢c Na h-Eileanan an lar
8  Aberdour to Burntisland 1d Fife 57 Loch Eil (Corpach) 5¢ Highland 106 Seilebost 9¢ Na h-Eileanan an lar
9 Kinghom 1d Fife 58 lIsle of Eriska (Appin) 5¢ Argyll and Bute 107 Northton BaySSSI (Traigh Scarista) 9c Na h-Eileanan an lar
10 Dysart 1d Fife 59 Rhunahaorine Point (Kinytre) 5c Argyil and Bute 108 Berneray 9d Na h-Eileanan an lar
11 Westand East Wemyss 1d Fife 60 Machrihanish (Kintyre) 5c Argyil and Bute 109 Udal and Solas Peninsula 9d Na h-Eileanan an lar
12 Buckhaven 1d Fife 61 Laggan Bay (Islay) 5¢ Argyiland Bute 110 Paible e Na h-Eileanan an lar
13 Elie and Earlsferry 1d Fife 62 Killinallan Point (Loch Gruinart, Islay) 5c Argyil and Bute 111 Kirkibost e Na h-Eileanan an lar
14 StAndrews EastSands 2a Fife 63 Hogh and Crossapol Bays, Loch Breachach 5e Argyll and Bute 112 Baleshare E) Na h-Eileanan an lar
15 StAndrews West Sands 2a Fife (Coll) 113 Benbecula Airport and Balivanich e Na h-Eileanan an lar
16 Tentsmuir 2a Fife 64 Traigh Mhorand Salum (Tiree) 5¢ Argyil and Bute 114 Balivanich Primary school and the B892 % N& R Ellsanan ar lar
17 TayportCaravan Site 2a Fife 65 Balephetrish Bay (Tiree) 5c Argyil and Bute through Balivanich
18 Carse of Gowrie 2a Perth & Kinross 66 Traigh Bhi (Tiree) 5c Argyiland Bute 115 Borve to Liniclate e Na h-Eileanan an lar
19 Dundee Airport 2a Dundee City 67 Traigh Shorobaidh (Tiree) 5¢ Argyll and Bute 116 Gualanlsland %e Na h-Eileanan an lar
20 Broughty Ferry 2a Dundee City 68 Traigh Bhaig (Tiree) 5c  Argylland Bute 117 Stoneybridge £ Na h-Eileanan an lar
21 Monifieth 2a Angus 69 Brunerican Bay 6a Argyil and Bute 118 Kilpheder e Na h-Eileanan an lar
22 BarryLinks and Buddon Ness 2a Angus 70 North Headland at Campbelton Bay 6a Argyil and Bute 119 North Boisdale e Na h-Eileanan an lar
23 Montrose 2b Angus 71 Claonaig Bay 6a Argyiland Bute 120 Eriskay e Na h-Eileanan an lar
24 Stonehaven 2¢ Aberdeenshire 72 Brodick Bay (Arran) 6a North Ayrs hire 121 Vatersay Tombolo of Na h-Eileanan an lar
25 Nigg Bay (Aberdeeen) 2¢  Aberdeen City 73 Lamlash (Arran) 6a North Ayrs hire 122 Bay of Skaill 10a  Orkneylslands
26 Aberdeen Bay 2d Aberdeen City 74 Machrie (Arran) 6a North Ayrs hire 123 Brough of Birsay & Birsay Bay 10a Orkneylslands
27 Cruden Bay 2d Aberdeenshire 75 Kilchattan Bay (Bute) 6b Argyil and Bute 124 Tankerness 10a OrkneyIslands
28 StFergus & Rattray head 2d Aberdeenshire 76 Bargehouse Point & South Hall shore, Kyles &b Argyll and Bute 125 Dingyshowe Bay(Deerness) 10a OrkneylIslands
29 Fraserburgh Bay 3a Aberdeenshire of Bute 126 Churchill Barriers 1-4
30 Rosehearty 3a Aberdeenshire 77 Toward Pointto Toward Quay, Cowal &b Argyll and Bute 127 Long Ayre on Inganess Bay 10c Orkneylslands
31 SpeyBay 3b Moray Peninsula 1pg Sands of Essonquoy & Sand of Wideford 10¢ Orkneylslands
32 Burghead Bayto Findhom 3¢ Moray 78 Toward 6b Argyll and Bute (Kirkwall Airport)
33 Culbin (incl Naim) 3¢ Moray 79 EastofArdmore Point 6b Argyil and Bute 129 Bayof Weyland 10c OrkneyIslands
34 Whiteness Head 3¢ Highland 80 Cardross 6b Argyiland Bute 130 Kirkwall Bay 10c Orkneylslands
35 BeaulyFirth (south) 3d Highland 81 Dumbarton Castle Bay 6b West Dunbartonshire 131 Mae Sand, Rousay 10d Orkneylslands
36 Cromarty Firth — various including A9 and rail 3e Highland a2 Hunterston B Nuclear Power Station access b NorRATaTir 132 Bay of Tuquoy, Westray 10d OrkneyIslands
37 Nigg Bay 3e Highland road L 133 Links of Notland, Westray 10d OrkneyIslands
38 Morrich More / RAF Tain 3f Highland 83 Ardrossan 6¢ North Ayrs hire 134 Papa Westray 10d OrkneyIslands
39 Dornoch Pointand Sands 3f Highland 84 Saltcoats 6c North Ayrshire 135 Bayof London and Sand of Doomy/Sands of 10d Orkney Islands
40 Coul Links 3f Highland 85 Ardeer 6c North Ayrs hire 136 Backaskail Bay, Sanday 10d Orkneylslands
41 Golspie Links 3f Highland 86 A77 to the south of Girvan 6¢c South Ayrshire 137 StartPoint, Sanday 10d  Orkneylslands
42 Dunrobin castie 3f Highland 87 Ballantrae 6d South Ayrshire 138 Bayof Sandquoyand Lopness, Sanday 10d Orkneylslands
43 Brora 3f Highland 88 Cairnryan Old Pier 6d Dumfries & Galloway 139 Cata Sands, Sanday 10d Orkney Islands
44 Brora to Helmsdale 3f Highland 89 Luce Sands 7 Dumfries & Galloway 140 Little Sea, Sanday 10d  Orkneylslands
45 DunnetSands 4 Highland 90 Wigton Sands T Dumfries & Galloway 141 Ofterswick, Sanday 10d Orkneylslands
46 StrathyBeach 4 Highland 91 Kirkcubright T Dumfries & Galloway 142 Sands of Rothiesholm, Stronsay 10d Orkneylslands
47 Bettyhilland Torrisdale Bay 4 Highland 92 Mersehead Sands and Southerness 7 Dumfries & Galloway 143 Sandwick 11a Shetland Islands
48 Kyle of Tongue 4 Highland 93 Southemess 7 Dumfries & Galloway 144 Sullom Voe 11a Shetland Islands
49 Durness, Balnakeil and Kyle of Sutherland 4 Highland 94 Caerlaverock T Dumfries & Galloway 145 Banna Minn 11b Shetland Islands

95 Priestside Bank 7 Dumfries & Galloway 146 St Ninian's Isle 11b Shetland Islands

96 Newbie g Dumfries & Galloway 147 Sumburgh WestVoe 11b Shetland Islands

97 Eastofthe Annan mouth to Seafield T Dumfries & Galloway

g TorduffPoint (HM Factory, Gretna) to Redkirk 7 Dumfries & Galloway

Point (Gretna)
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2.3 Implications of erosion

The implicationsofcontinued erosionare consideredviat
Wholle CoastAssessment (NCCAReportd9 andVulnerabilityAsses
summary i1s presented here. TheVulnerabil ity Assessment 1S
has identi Fiedassetsadjacent toareaswhichhave experice
and which cannot be due to methodological error. As a res
considersassetswithinthe4f2kmofshorel inewhere the 10m 1
areaswhereerosionis less thanldm (whichcould be attribu
areas oferosion. Byusing both analyses together, those a
continue unchanged Into the Future can be tdentified, alc
affected.

2.3.1 Whole Coast Assessment

To provide an indication of the proximity of assets to Mear
assetswereappraisedagainsttwo areas (polygons) extend
Water Springs. Whillstiimmay seemareasonabledistance Frc
undergonemore thandmoferosioninlandsince theld70s (5% oTF
these distances were then aggregated within coastal cell
Shorel ine Management Plans. A FfFull description ofF the mettr
MethodologyReport (NCCAReport4) . The tables and Figures sep
(hard&mixed, soFtandartificial) andacommentalsonote
identified tobe inherentlyerodible irrespective ofdeTe
Model , Fittonetal _ 2015) -

Table 2_.5summarises the national Figures and Figure 2_10 sun
assets per coastal cell . Whillst many ofF the asset types al
include Fire Station, School etc., Utilities include ele
Environment incorporatedesignatedsites forourburltanc
thataconsiderable number ofassetsoccur close to the coa
soft, artificial anderodibleshores.

The implicationsofTable?2_5are that between 2% and550%oFall
20 oF the coast.
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Table 2 _5:- Assetswithinclose proximity toMHWS . See the Whole Coast Asse

detail -
Wi thinlOmofMHWs Wi thin50ni|ofMHWS
Coastal Type o x Coastal Type o x
—_ = ) et o e
Asset / Receptor £ = f'é E £ = -‘é‘ % = f'é e £ 2 § %
£ ¢ E &3 £z ¢ E a3
CommunityServices 1 1 0 0 0 7€ 48 20 10 45
NonResidential Property 463 197 |103 163 245 9,045 4,393 2,309 2,343
Residential Prop 458 107 109 | 242 332 24,449 9,966 7,194 7,289 15, 27
SepticWater Tanks 367 219 139 9 181 1,65 954 677 25 769
utilities 25 10 7 8 14 12 137 80 95 184
Raim il 15 2 9 3 g 104 27 58 18 61
Roads km 156 87 53 16 68 1,33 733 497 107 590
CleanWater Network 87 50 22 16 41 931 507 304 120 452
Cultural Heritage 135 63 55 17 74 1,029 471 438 120 529
Environment ha 4,204 2,575 1,586 | 43 1,790 23,430 14,873 3,424 133 8,615
Runway 0 0 0 0 0 3 2 0 1 2
Residential Property Non Residential Property
Cell 1 Hard & Mixed Cell 1 Hard & Mixed
Cell 2 Cell 2
Soft Soft
Cell 3 Cell 3
_ Cells Artificial _ cella Artificial
g Cell 5 g cell 5
g cells g celo
© cell7 ez
Cell 829 Cell 8&9
Cell 10 Cell 10
Cell 11 } | | Cell 11
0 1,000 2,000 3,000 4,000 5,000 0 500 1,000 1,500 2,000
Number within 10m of MHWS Number within 10m of MHWS
Roads Rail
Cell 1 Cell 1
Cell 2 Cell 2
Cell 3 Cell 3
- Cell 4 = Cell 4
g Cell 5 2 Cell 5
2 cells 2 cells
8 Cell 7 Hard & Mixed 8 cell 7 Hard & Mixed
Cell 8&9 Soft Cell 8&9 Soft
Cell 10 Cell 10
Artificial Artificial
Cell 11 } Cell 11
0 100 200 300 400 0 5 10 15 20 25 30
Length (km) within 10m of MHWS Length (km) within 10m of MHWS

Figure2_l10OAselectionofassetswithin50mofMHWSgrouped by coastal c
WholeCoastAssessmentReport._ Data forassetswithinlOmisalsoavai lal
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Giventhe Figures above, Table2_6 identifies the proportio
either haveShorel ine ManagementPlans (SMPs) or have no SMP.

Table2 _6 - Numberofassets incloseproximity toMHWSand incl

Asset / Receptor

Unit

All

10m

Covered by an

SMP

%

All

50m

Covered by an

SMP

%

CommunityServices

SepticWater Tanks
utilities

NonResidential Property
Residential Property

25

463

458

367

14

123
258

24

100
27
56

4 1,

312

78
9, 04
24,449

, 656
61

L4 18
5 1511
6379
70 4
20

17
26

Raim i

15

P6

104

20

19

Roads Length|{(km)55 1.7 7 1336 140 10
CleanWaterNetwork 87 6]- 3 7 931 111 12
Cultural Heritage — — — 3 — —
ENnvironment ha 135 29 22 1029 263 26
Runways 4,204 218 5 23430 1003 4

2.3.2 Vulnerability Assessment

The Figures above provide an indicationof the total number
typeofshoreline theyareon (Hard&Mixed, Soft, Artificiral
thevulnerabilityassessmentconsidersasubsetofthisds
which are located on soft undefended shores which have exg
1970s - Thus , the Followingdatacanbe consideredastheminin
recentratesoferosioncontinue, butexcludeadjacentare
with futuresealevel riseor inresponse to theconstructins

IFpasterosionratescontinue, by20s0at leastiresidential
railway, 5.2 kmof road and?2_4 kmoFf clean water network as\
runway ., culltural and natural heritage sites are expectedc
FTiguresare basedonthe “erosion” area (ascalculated fFroi
under recentrates) andan “erosion influence” areawhich

and erosion IinfFluence shoulld be considered together to su
continue. A Ffurther 50m buffer 1s also shown, to give an Imj
anticipated 2050 shoreline (erosion vicinity). Given tl
stochastic/intermittent nature of coastal change, these
assume thatthe futureerosioncontinuesatthemodernrate
sea levels, Fallingsedimentsupplies and the expansion o
Taster than pastrates. Toreflect the Increased risk, a 205
recentrates, isalsopresentedbelow (Table2_7andTable?2._¢
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Table2_7 - VulnerabilityAssessmentofassetswithinareasofanticipal
The 2050+ columngivesanestimateofasset numbersshoulderosionrate

Modern to 2050

2050+

Asset/Receptor Units

Erosion

Erosion

Influence

Erosion
Vicinity

Total

Erosion

Erosion

Influence

Erosion

Vicinity

Total

CommunityServiices
NonResidential Propen
Residential Prope¥ty
SepticWater Tanks
Utilities

Tty

66
382

4

1

85
415

0
24
72

0

14
40

88
537

7

Rai l
Roads length
CleanWater Network

1.0

(km> 2.8

4.0
20.5
11.5

B

4.1

Cultural Heri tage
Environment
Runways

ha

357

0.4

0.4

91.

1

436 -
2.3

41.1
883_.4
3.2

6
3.2

72 .6

409 .8

48

126
649
22

4.9
21.7
20.4
40.5 67.7
1,169.5
6.6

WhillstTable2_.7detai Isthe lengthofFassetsatrisk, Forlir
of locationswhich are expected to be affected. The recent
shows that although only 80m oF track was damaged the rema
impactedandaswell asregional businesses affected For mc

Table 2 _8:- Vulnerability assessment results showing the number ofF l1oc:
recent rates continue to 2050 . Note 2050+ Figures are based on a near

additional riskiffutureerosionrates increase _

Modernt Mode rn te

Cell Rolads Ranm |l | Roads Ranm 1

1 17 1 26 1

2 10 1 13 1

3 11 3 18 3

4 4 0 4 0

5 21 5 28 5

6 24 5 26 5

7 12 3 14 8
8&9 7 0 10 0

10 8 0 8 0

11 2 0 4 0
tothl 116 18 151 23

2.3.3 Monetising the soft coast and vulnerable assets

Using assetvaluations (Fitton, 2015) thedirectreplacemen
established FromTable2_5andTable2_.7. Considering the asse
anestimatedfl_3bnoFfburldings, £3.2bnroadand£f8_7bnof rai
are behind the softcoastand thus are protectedby “natura
ofFassets lyingwithinimoFtheartificial shoreandprote
busldings, f0_.7bnofroads, £f2_7bnofrailway line, atotal o

The subset ofF assets within the soft coast anticipated to
estimated using the same costings of total assetsatrisk

2.9).
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tshould be noted, however that these costsare likely tobe
Q2017 costswhichdonot include anticipated inFlation bet
the indirectcosts, which based on theDawlishexample 1n20
cost. Thus these Figuresare indicative andshouldbe usede

Table2 _9:- Valueofassetswithinanticipatederosionareas for 2050 an
assetswithin50mofFthesoftandartificial coast. Note thatcultural ¢
thatcanbe includedhere .

Whole Coast Assessment Anticipated erosion
SoFtcodq Artific 2050 2050+
costper * S * S * S * S
Bui Idings 193, 5082 1,32 9,632 1}380 52 7 150 21
Roads (KmM) £6 } 50097000 3,231 107 696 5 33 10 65
Rai I (kmD £150 } 0068 000 8 , 700 18 2,700 2 300 2 300
Runways|(ha) £300,000 O 1 0 1 0 4 1
Total value
(Em) £13,292m £4,776m £340m £388m
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3.0 Limitations

Afull accountoftheNCCAdata limitations iscontainedwith
5) . However , itisuseful hereto flagthe keyconstraintswi

3.1 Accuracy of the aerial photography

The NCCAused national aerial photography under the One Scotl
by GetMapping, where the imagery isstatedas less than Five
time frame isthusmissing.-Also, vertical aerial photograj
agrassy bankcoveringvertical coastal defFencesmay be im
NCCAused expert knowledge ofF the coast, supplementedwhere
similaralternatives).

3.2 Accuracy of historical mapping

At1:-10,000, theMHWS i newidth depicted in the 1890s and 1970s map
ground, so any changes detected by the NCCA are more thanl1l0m
(Figureld_.l) _Asecondcriteriawasaddedwhere the changebe-
al lowed capture ofFrecentchanges that had not had time ton
ofFthemoderntide line (basedonOSMastermap or LiDARupdates
(often lessthan2.5m) .

Figure3._.1l:- Annotatedpicture ofsurveyorsusingquadbike . Whi lst MHW
beach (blackdotted 1ine) the 1890sand 1970s lineisl10mwide (distar

Comparisons between lLiDAR—derived digital terrainmodels (
DTMs may introduce some di FFerences which are not “real ” .

points whillst aerial photography derived surfaces uses t
di fFference is compounded where upstanding vegetation oc
morereliable than photography—-derivedDIMs .

INnsome cases, thepublicationdateofthemap isnot the same

itsel Fspanseveral years) . Thisproblemis compounded by 1

haveover thereliabilityoftheirdata “update” Fieldwhe

andotherupdates, rendingtheseproblematic. Suchuncerte
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make calculation of absolute rates of movement oFf MHWS unc
emp loyed.

3.3 Accuracy of OS MasterMap MHWS lines

Comparisons ofF 0S MasterMap MHWS with recent aerial phot
discrepancies, particularly along the sofFt coast, where
identified that463kmoril7ivyofthe softcoastareas hadnotbe
the publ isheddataondynamicshoreswill becomeoutofdat

3.4 Positional accuracy in areas of very low gradient

The topography ofFareasof lowgradient such estuaries or s
on lower sections of Foreshore well away From MHWS and ma
methodology .- This 1s problematic where a large fluctuati
occurredorwhere the saltmarsh edge has beenunreliabllym
1dentify exceptwhere the edge is marked by asmall eroding
1970s aerral photogrammetry mapping of MHWS positions wi th
altitude andgroundposition.

3.5 MHWS as a proxy of coastal position

The NCCAused MHWSas aproxy todescribe coastal positionandL
changeswithinthewrder beach . AsMHWS 1s the Tegal boundanry
is reasonable as in mostcases the lower, mid and upper bea
thereare likely tobe variations this is the typical or no
retreatatMontrose isshowninfFigureld_2withthel890s, 1970s a
Ilandwards, alongwith the edge of the vegetation. A fFew 1o
operating inmore complexways and MHWS may not be agood pro>
IS considered 1n greater detail 1n the Methodology Repol
techniques (identifying changes in area) with three dime
changes) . Further to these descriptions, visualisationc
viewers canbe/sabmain i ccoast . com/outputs

28



Scotland”sNational Coastal Chan

1902 Vegetati

T
il ——— 1002 8
-
— 2011 |

" G

Figure3._2:- Coastal erosionatMontrose , shown by the landward movemen
edge _ Historicbasemap is from1902 ,  withaerial photography from201

3.6 Erosion trends moving along the shore

The NCCA has identified the retreat or advance of MHWS measure
However , erosion can also advance along (parallel) the st
defences, or where strong alongshore movement of sedim
iNnterpretationof Future erosional extent. Such examples
coastisexpectedtoincreasinglyafFfectthe coastnearby,
Spey Bay ., BurgheadBay ., andatNairnandWhitenessHead.

3.7 Assessment of future climate changes

The NCCA Encorporated pastclimate changewirthin ittsanalysi
recentchanges, includingdirect human influences (const
etc.) aswell aspastanthropogenicclimate change througt
to incorporate futureclimate change since much of the coa:
human response toany reall or perceived impact. Sucha “simg
legal chal lenge based on the use oFcl imate scenarios (the
coastal response. However , it means the NCCAwi 1 1 underesti
accelerations inclimate change. UKnational guidance For
UKCPO9 but upward revisionsof futureclimate changeproject
are expected 1N UKCP18. By 2080, an upl i Ft oF 20% to 30% For Future
currentestimates is thought tobe appropriate (MetOFFice
Tfor river Floodpeak Flows: the use of bothiipyretatecsnd tsr
theNCCAisaninitial assessmentofhistorical and recentco
to sediment supply, sea level and coastal Flood Ffrequency
underestimates of the actual Ffuture change.
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4.0 Factors Influencing Coastal Change

Inadditiontoresponding toshorttermdynamism, coastal c
effectoperatingover longer time periods. The coast has r
lastglacial periodScottishsealevelsroserapidly from-
between 18,000 and 7,000 years before present (Clayton, 2003) -
movements incoastal positionthatwere compounded by coas
or subsidence. Since about 7,000 years ago, sea level has un
However , the effFectonshorelinepositionisalsodictatec
sedimentsupply and therelative interactionof land leve
briefFly introducedbelow.

4.1 Land levels

Land elevation has an important impact on the current and |
coastal Flooding. Many coasts have hinterland areas thatl
seasonal ly or permanently Flooded as lochs, ponds or lago
lyingareasmay remaindry fFora largeproportionoftheyesc
sea levels and erosion. They are ofF added concern i F they
infrastructure. Therearemanyareas inScotlandwhere land
ofFnegativegradient) andwhere coastal erosionmay lead t
4_1) . Suchareasarewidely distributed andare highly vuln
due tocoastal erosion—-enhanced coastal Flooding (Figure/

Figured_1:- Aeriall image ofFbreaching., overwash (A) resulting in Floo
sloping interior (hegativegradient) - \WoFf(Cleat, LittleSea, Sanday , Oi
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Extent of inland areas below SEPA 200 yr coastal flood level
(clipped to MHWS)
Distribution of low-lying land
(via SEPA 200yr flood)
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Figured _2:- Altitudemapofl:-200year coastal Flood leve , withpiechsa
www - sepa-- Qiagurude - NCCA) _

4.2 Sediment supply

Sedimentsupply isthe transportofsedimentaround the coa
tidal Flowsandwind._. IFthereisan influx (netgain) ofsed
generallywill move seawards, wherethere isadeficit (het
move landwards . OFfFtenthereisalocal inFluxofsedimentat
willremainlocally intactifwaveprocessesaremodest (e.-
along the rest of the coastal cell where wave or tidal curvy
beacheswhichstretchtensofkillometres) . There ismounti!
beaches both fromoffshore and river sources 1s much reduce
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thishasclear implications forcoastal erosion. Forexampl
orsealevel rise, beachesmaynotbeasreadily rechargedw
(Hansom, 2001 ; May and Hansom 2003) -

4.3 Rockhead elevation

The presenceandelevationofFrockhead (i -e. hard resistan
geometry ofthe land and coast. For example, the landscape «
be attributedtotheresilientlithologyandrepeatedglac
lsthologries and depositionofglacrally derived sediment
differinggeological inheritance seemsobvious, it influ
local scale the altitude ofF rockhead and the depth oF (eroc
the erodabilityofcoast. Areaswhere the rockheadelevati
depositsabove rockhead the land ispotential lysusceptib
highrockheadelevations (e.g- hardrockcliffs), the lanc
Reportoutlines howthis fFactor has been tncorporatedwith

" [ s

Bedrock

Vo NN NNV

Sea Level

Bedrock

F igure 4 _3:- Hypothetical scenariosofthe inFluence of rockhead on cos
levelwithminimal erosionexpected. nscenariob) ., the rockhead el eve
deposits (e_-g- Fluvialorglacial deposits) thataremoreeasilyerode

4.4 Sea level change

Key to coastal response istherelative interactionofglok
changes, the combined effect is known as rell&tevdasesn 1eve
global average sea level s rose by sinmeyhad e 15 cadrulhysa naer 201
The average Fagetofryy sea level rise aroundthsBratthi Bndghibas
ratesmorerecently. Sealevelsmeasured fromtidal gauges
sea level change and althoughScottish tidal recordsarehi
anaverageofimm/Zyrrelative sea level rieseioupl Tt | asaait

'Hayetal ., (2015 rateofl._.0-1_.2mm/yr replacesthe2mm/yr rateprevi
Hayetal, 015) — 1 e . 15yrs@3mm/yr =4_5cm
SGehrels, (2010)
‘Updated tidal analysis fromRennie andHansom (2011) .
32



Scotland”sNational Coastal Chan

contiwas&€b muchofthe coastrisingatratesclose tolmm/yr
ThisisinsufFficient tonegate the average rateof3imm/Zyr Na
sea level rise (RSIR) s now recognised tooccuronall Scotti
comingdecades toresult inbetween7and 93 cmoFRLSR by 2100, wi
oFf43cmby 2100 (UKCPO9 , HighEmiSksionsScenario

Table4 _1 _ Scottishtide gauge trends (Source - updated FromRen

Long-Term 1992-2007 1992-2013

mm/yr mm/Zyr mm/yr

Kinlochbervie - 3.57 2_.92
Stornoway 2_.20+0_-90 5_.70 4_29
Islay — 6-23 8.39
Wick 1_.55+0_43 5_.54 3.-06
INnverness - 2 _66 -

Portpatrick 1.95+0_44 4_80 4_35
lerwick —0-.68+0_3: 3.18 2.77
Aberdeen 0-87+x0_1 6 -03 1.76
Leith — 4_04 2_54

Estimations ofFRSIR From tide gauges can be infFluenced by otk
change—-driven sea level rise including variations in the
surgesdueto lowailrpressure) . Forexample, theAberdeen g:
4_4)y butdespite periodic Fluctuations, there remains anc
between 1950 and 2009 -

Whillst this study does not formallly consider the Ffuture ch
choice ofFEmissions Scenario is important. Whillst some est
(MES) , the recentglobal emissions levelsalignwithaHigh
Natural Herirtage (SNH) andScottishEnvironmentProtectionAc
theHES rates.

S1.7mm/Zyr maxwithmuchofthe coastcloser tolmm/yr FromBradley e
SUKCPO9 cl imate projections For Scotland in2100.
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Figured _4:- Observedchanges intherateoflOand l5year sealevel trer
etal 2012) .
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Figured _5:-Projectedrelativesealevel rise fForScottishports

Using the UKCPOOHES , Figure4_5shows the expected ratesofrela
by 2050 and 2100 wi th the colour bars showing the 5%, central and
the 1990 levels. These projections are being revised as par
changingclimate since 2009 and improvements inscientificl
UKCP18 , DEFRA have advised an upll it of 20% to 30% by 2080 For Futul
estimates (MetOFFice, 2017) -
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4.5 Sea level change and increased coastal flood risk

The inFluence ofrising relative sea level on coastal FTloc
additional sea level incremental lowsbothmore FrequentT
toeventually reach the same levelsas less frequent largei
CCRA (2012) has considered the implications For Flood Freque
locations. Forexample, underamediumemissions scenario
ofsealevel risewhichreducesal:zll0yreventintoal:Z8yr evi
tide gaugeswere investigated to identi Fy changes in Floo
Tfound that although therewas an increasing frequency of T
events were attributed mainly to underllying changes inn
meteorological efFfFects and suggests that increased coast
This indicates that the areas identified in the NCCAas erosi
be Further impactedbysealevel rise.

100 -
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2040

w —

\§\\

1 I B
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Increase in Relative Mean Sea Levels (m)
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—\Vick Ullapool

F igured4 _6:- Reductioninfloodreturnperiodgiven increases inmeanse
Report. Fig3.5p43., basedonthecentral estimateoftheMediumEmissio

ModiFfying the analysis within Figure 4.6, the Met OFFice (
projected sea level riseunder ahighemissions scenario |
FTigures._.Thiswill Ffurther shortenthereturnperiodanden
and above theeffectofsealevel riseonincreased floodri
atanational scale 1s the effect that coastal erositonmigt
due to the removal ofF Features thatcurrentlyprovideaTFflo
identify theareasthatmightbeafFfected inthisregard.

4.6 Human Intervention

Whi st humans have influenced the landscape Formillennic:
stretchesbackover the last fewcenturies._. Subsequently k¢
common—-placeonmany ofour coasts. Whilstmuchofthe prot:
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they have, protected the lTand {at the expense of} with c
Assessments ofF the Engl ish and Wellsh coast have identified
curtailed the landward erosion of high water mark, 1ow wa’
steepeningthe intertidalgradientandworsening floodri
upofFcoastal sedimentsbehinddefences, alongwiththe rec
to river defences and other land use Improvements within
reduction incoastal sediment supply (Komar, 2011) . Such eFf¥
sealevelsarerising, Further reducingtheabilityofFthes
storms._
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5.0 Discussion

Thissectionof the reportposesaseriesofqquestionsandd
the NCCA.-

5.1 Is the extent of erosion and accretion changing through time?

Since the l9ls 12% ofFScotland s softcoastcanbeclassiftied:
stableor showing snsignificantchange (seefFigure?2._4) _ Coi
thehistorical period (normalised fordifferingtimeperi
extent ofF soft coast experiencing erosion and a22% Fall ir
accretion.

However , these national data obscure changes in the balar
withindifferentcells_. Thereareverycleardifferencesb
acell bycell basissincesomecellsaredominated by hard
sections (north andwest coasts and islands) and others by
softcoastwith fewrockheadlands toprovide shelter (mainr
amountsoferosional changeoccurwithintheopenandmobil
the rock-enclosed coastal cells of thewest and north whic
coastsections.

There are also increases inthe amountofaccretion, parti
Fraserburgh) but thesearesmal l when compared to the Incre
inthesecells. Accretion iismuchmore modestandvaried in

The changes identifFfied inthe national resulltsofFFfallingc
and Faster rates ofchange areconsistentwith theanticip
diffFeringperformanceofindividual coastal cells, alsoa
sections of coast li1e I1n the west and north whereas the sc
susceptible toclimate change impact._

The projectedFutureCoast2050 isbasedonacontinuationofr
vulnerabirlity assessment. However , 1 T the pasti39% increas
accretion isviewed as atrend that can be extrapolated Fol
our soft coast might be anticipated to be affFected by coas
accretional (342 km) - Whi st the potential causesofthis i

the inFluence ofFrising sea levels in the coming decades,

INncreased Frequency of Flood events means that past chang
erosion. However , the past increases inextentalsosital
erosion (and toalesserextent, accretion) and these may a

5.2 Is erosion occurring preferentially on the outer coast with accretion
within the inner coast and firths?

Scotland”sshorelinehasbeenadjusting tochangesinseal
millennia. Thisresults inamixedpicturewhere those sect
wave activity are highly dynamic and have the propensit
profoundly afFfFectcoastal stability. Sincesedimentsuppl
to be much reduced from the higher levels experienced a fe
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outer coastsconstantly losesedimentsvialongshoredrit
has progressively become the dominant trend on the outel
embayments and Firths are sediment sinks, whereby soft co
the outer coast are joirned by sediments Ffreshly deliverec
toward accretion. Within some ofour inner Firths, areas «
seaward of the natural alignment ofF the coast and so have r
coastal defences which themselves since become the focL
iNnterconnectednessofthecoast, the historical and recer
thecell andsub-cell patterns identifiedbyRamsey andBral

Set against this backdrop, the inFluence ofF relative sea |
variable outer coast sedimentdeficits and 1nner coast se
measuredbyScottishtide gauges suggesterosiontoboth col
coast, forexample in Montrose Bay , AberdeenBay , Spey Bay , Ci
andalongthewesternshoresofthelUists, amongstothers_C
which continue to benefit Fromnetgains insediment and t
INncreasedsea—leveldrivenerosion. Forexample, dynamicz:e
rivers andatthe headsofinlets serves to Favour accretic
relativesealevel rise, TorexampleatTentsmuirPoint.

Whi st the changes presentedwithin the NCCAare valuable a
are important and should be taken Into consideration by |
including Flood riskmanagementplanning.- Taking the nort
anexamplewhichstraddles the “erosional outer coast” anc
the existing links goll F courses are experiencing coastal
Dornoch, Skibo&Tain), thatis likely toworsen incomingde
aseventhcourseisbeingplannedonacurrentlystablesec

5.3 Is erosion occurring down-coast (and in front of) coastal defences?

Erosionoccurrence adjacent tocoastal defences 1s common
the Insertion of defences 1s generally In direct respor
Nevertheless, there are instanceswhere the defences them
condition, either on—-site or downdriftof the site. The
defence structuresnotonlyhalterosionbutalsothe suppl
which suffers reducedbeach levels (beach lowering) thatr
second, the reflected wave energy Ffrom structures leads t
structuresonacoastaffectedby longshorecurrents (curvr
downdrift) haltsthesupplyofsediment tobeachesdowndri
Forexample, atMonifiethandMontrose (Angus) andGolspie (
times extended as erosion has been exported downdrift. OF
immediately downdriftof the end ofF the defence structure
Tfound (egatBarrylinks (Angus) andatTain (Highland) -

5.4 Does erosion exacerbate flooding?

Whillstasystematicanswer tothisquestion isbeyondthesc
erosion is known to have exacerbated Flooding. A few recen
Uilsts (2005) , GCollspre (2014, and 2015) , Eden Estuary (2014) and Whi

from Scotland”s longest tide gauges (Ball et all 2009) sndic
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iNncreased Flood occurrence, related to INncreases in mean
increase inerosion (particularly along the eastcoast),

erosion enhanced coastal Flood risk 1n the coming decades
Cl imate Change Risk Assessment Reports Adaptation Sub-Comma
whichcalls forgreaterattentionandconsiderationofint

Theextent, scaleand temporal changes tomobil ity demonst
Wholle CoastAssessment (NCCAReport9) and indicativeVulnera
1dentifythestrongcoincidenceofareasatincreasedrisk
may not be surprising, the implications nationally are

assessmentassumesastatic land surface andamodel led st
dynamiceffects) wouldthenneedtobeadded. SEPA i sundertal
wave overtopping risk, and the NCCAcan now inFormthe mobili
natural coastal defences. Where coastal erosion isantic
there may be an increase in flood Frequency . Where erosion
envelope then there is likely to be achange in the Frequen
analysiswithintheNCCAprovidesproofofconceptforthein
andtheresilienceorvulnerabilityofFtheprotective soft
open—-datadigital terrainmodels from the Ordnance Survey
must be considered when commissioning Future surveys. The
natural defencesarebecomingmoreresilientor less, due i
iscritical ininformingSectionl9oftheFloodRiskManageme

5.5 What are the likely impacts of climate change on coastal change and
flood risk?

GiventheNCCAsevidenceofFan increasingerosional trend al
which have regional varrations) , theevidenceofrelative
Hansom, 2011) and the anticipated increases insea level ant
briefings), theriskoferosionanderosionenhanced coas’
over the comingdecades. The rising mean sea level also sha
Floodevents (being investigatedwithintheUK(Pl8 revision
betweenerosioneventsand thenecessarytime Forbeach reg
onshorelineswith negative gradients, asexemplifiedat
storms (Fitton andHansom, 2015) -

Given the above, and the recent and anticipated changes t
Flooding, theratesderivedbytheNCCAsince the 1970s may wel
be enhanced by cl imate change, although any acceleratior
proven For some decddee&€E phedertbaetalmsence oF scenario
accelerated trends, the data within the NCCA represent ti
considering theminimum impacts on adjacent assets (part
buffer added to theerosionafFfFectedarea) .

Furtherconsiderationoftheclimatechange i implicationsc
and isarecommendation, notonlyonthe shoreswithsignif
have been stable or have experienced insignificanterosic
challenge. Anequallyvaluableparallel approachwouldbe
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greatestriskof any accelleration to provide an addirtione
practitionersalike.

5.6 Improving the utility of the NCCA

The NCCA has shown that use oF MHWS to show national coastal
demonstrates that substantial changes have occurredover
continue, will present Ffuture managementchal lenges. Whe
the coast, these changes provide a novel and inFormative :
shared indicativeriskacrosssociety” scoastal assets.

NCCA provides intelligence of change to infForm monitoring
example, ithelpsdirecttheOSto targetupdates tonationa
changing resillience of natural Flood defence structures
PlanningPartnerships toappraise theriskandresilience
al lows SNH to appreciate the value of natural coastal defel
conservationandbroaderuse._. Atanational level , thereis
stinformsmultiplestrandswithintheScottishClimateChal
change 1n the evaluation ofF risk and resillience of socie
developed, some areas have emergedwhere Further workcoul

Data avairlability is key and anallysis has worked best wher
remainsome sectionsofthe publicsector whose dataprovi
Looking aheaddatasharingacrossorganisationswillallo

INadditiontoavailability, dataqualityandcurrency is ct
to-date imagery collectiontoallow time series DIMs to be |
hampered by lackofFaccurate and timelydata. Inthis respec
dataacquisition andusers, including the Scottish Govern
timelydeliiveryofdata.

The NCCA rell :ed upon MHWS as the key national ly avar lable date
has provedanexcelllentbasel ine measurebut itcanbe impr
onthe lower intertidal areamaynotbeofsufFFicientmagnis
upper intertidal areaandwhere very lowgradirients and den
From photography may notbe strictly comparablewith thos
toward LiDARwould circumvent this as an issue. naddirition.
distance seaward of acllearlly eroding coastal edge that i
exampleacliffFedsanddune edge. Inclusionofanadditiona
(e.g- definedas the vegetation limit) woulldbe auseful ds
Although not developed Further withinNCCA, adataset and me
identified.

The bullk oF the sites investigated by the NCCA relly on a two-
changes are three-dimensional . Upgradingall datato thre
a step change our abillity to understand the coastal sedi
sediments are lost andgained. Withatwo-dimensional ana
risk(particularlywithHistoricEnvironmentsScotland si te
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6.0 Implications for a Coastal Strategy

6.1 What limits our approach to coastal erosion issues?

Akey issue highlightedwithin the NCCAprocess is the devol
erosion. IF the landowner is ultimately responsible and |
oblrgations, 1t follows that no one organisation “owns ti
UKCCRA, Scottish Cl imate Change Adaptation Programme and SEPA
responsibilities have contributed to the call for action.
the national coastal erosion issue remains unresolved (AS
clearwithin the UKCRA (DeFfra2012) and UKCCRA2 Synthesis and Scot
withaScottishGovernment response expected in the near fu

Asecond strand is that recent Ffundingarrangements For Flc
lackoffocusoncoastal erositonorerosionadaptation. The
Government Funding tolocal Authorities isring—Ffenced For
Isquestionablegiventhe plethoraofdefences thatwere T
1970s & 1980s and are now perceived by someas il 1 —conceilved anc
Frontandadjacent, whilsthavingencourageddevelopment
the assetsatriskidentified by NCCA(whichare i kelyundevr
how to empower the publl i c sector tomake assets and communi
Focus on adaptation and mitigation would be a logical and
Tocusesentirelyonprotection. Whillst theScottishGoverr
2016—2022 provides awellcome long term commitment For Flood s
places that cannot be Ffunded eachcycle. So, although ther
mechanisms avai lablle to protect existing assets, what i
adaptationmeasurescalled forwithintheScottishClimate
offer sustainableoptions Forcommunitieswhose coastal a

TheFloodRiskManagementAct (2009) does not ppdadthisy haster
hadunintended consequences . Whi lst Ffewwould argue thatc
withoutcoastal erosion, thisreliesonthe interpretatiol
of 1t and so explicit requirements may be prioritized ov
implications also exist where explicit requirements ma
consideration of the broader benefits of thework, thereb
priority floodingareas (i.e._ terrestriallybirasedPotent
integratedapproacheswhichwouldbeneFfFitadjacentaspec

At leastsomeofthisproblemmaybeagapbetween theorganis
therequirementandresourcesavailable Foraction, For if
There may be 1ssues ofF organisational tnertiawithin botft
adjusting to an uncertain future via adaptation i1s both ui
environmentwhere limited resources need todeliver onwe
rather thannew, uncertaintasks forafuturebenefit._.This
ASC2016c) where implementationisfallingshortofexpectati
under theCl imate Change Act may provide the impetus For the
andeffectively.
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6.2 A coastal strategy

€t Isbecomingclear that coastal erosionboth individuall:
has thepotential , bothnowand intothe fFuture, to impactor
orotherwise. ltisalsoclear thatalthoughcurrentpolicy
to alllow authorities and government to act in astrategic
hampered by a lack oFaccurate national dataconcerningco
ofF astrategicoverview that might be underpinned by such
sections of the coast lsasHmehtteactivyaomd pressing need
shared approach to manage the impact of coastal erosion :
mitigation and adaptation plans for the coastal assets a-
2016 c) - There isnowamomentumbuildingwith the developme
to take Forward theNational andRegional MarinePlans, the
2016) and the second cyclle ofFFlood Risk ManagementPlans (2017
Management Plans (SMPs) within North and South Ayrshire an
Gallloway - Collaborationacrossthepublicsector isbecomu
ofFdatatosupport jointapproachestoproblems. Thiswelco
INn Integrated managementof the coastal zone.

TheNCCAanalysishighlightsasubstantial number ofFcoastal
organisationsexist. At thecentreof this aspect i1s thatc
the landowner , andwhi lstsomepublicbodies have powersor
of the Iissue at a national level . The resultant Fragment
approaches_Aspartofany implementationofasharedappro.
with a coastal remit or responsibility appraise their o
opportunitieswith those organisationswithsimilar or c«
likely that suchcoordination s bestsupportedviathe Scc
develop across the public sector together with other i
opportunities extend beyond case-by-case examples on th
spanningdisciplines. The NCCAand its associated datasets

and inFluence various policy areas in a holistic, inclus
supportingarangeofpolicyareas isneeded includingero
management planning, the Water Framework Directive, man
supporting marine and terrestrial planning-. This I1s essen
maximiseoutcomes and supportasustainable futurecoast.

opportunisticover thecomingyears as any such strategy i
revisionofNational FloodRisk Assessment andFloodRisk Mar
more coastal provision may provide a profitable route to

alternativessupplementarymechanismtoShorel i ne Manager
sustainable coastal management.

What the NCCA demonstrates 1s an impressive scalle ofFdynami
coast.Sincetheldls, ll1%oFfFthesoftcoastisaccretingand777¢
biased toward the developed east and some parts ofFthe expo
notmeanstaticanditispossible thatthe increase tnstab
past accretion and Future erosion. [ Fso then any window of
implementation of integrated management of our coastal =z
anticipated. [dentifying this dynamism and adjusting tcC
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management options that we might employ so that, working
againstthem, wegiveourselvesanopportunity tomove towe
shores. Insome locations, thismay involvemitigation mea:
and Floodingbut inothers ttmay increasingly involve ada
of impactedassetsoractivitiesaway Fromthe coastal Frii
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7.0 Recommendations

1.

2.

7.1 General Strategy and Collaboration

Coastal erosion is asharedproblemand its solution neec
publicbodies, private sector, andcommunities.

Coastal erosionandcoastal Floodingare notmutual ly exc
Thewording in both thefFRMAct and CoastProtection Act 1949 re
inthe lightofFclimate change, and a broader need For an
the ScottishGovernmentconsider thisanddirect the pub|
ofFcoastal erosion.

WhillstScottishGovernment leadershipisclearwithintha
Change AdaptationProgramme, withexplicitduties across
and resource throughout organisations i1s recommended t
“coastal champions”withineachorganisation.

Suchanapproachmay Findgreater traction s fcontainedw!]
underpinnedbyNCCAdata, and isarecommendation.

There is also an urgent need For the resources to make :
provisioned togrow inthe longer—-termas the need INncreec
Tacilitate the relocational adaptationoferosion—imp
society towardadaptiveresilience aheadofclimate cha

ASC (2016) identifFfies a lackof (and implementationof) wel
sectionsoftheScottishcoastwithnoShorel i ne Manageme
a tool todevelop targeted SMPs For only key vulnerable a
(rather thanallofit) andthis isarecommendationhere

ASC report (2016) suggests the Scottish Government seta lon
areas created through managed real ignment and the apprc
We recommend thatrelrtable implementationdata 1s gathe
supportmanaged real ignment for Flood benefit.

SEPA” s Flood Risk Management Strategies (FRMS) Focus on redu
coastwheremostpeopleandpropertyoccur andmayundere
ofScotland”sundevelopedcoastlinevulnerable to flooc
rural divide and contributes tosocial disadvantage is:«
establish whether I 1nkages exist between social vulne
FTloodingvulnerabillity.

The NCCAoutputs, together with Flooding and topographicc
of the Flood Risk Management (Scotland) Act and inForms SE
natural coastal protection fFeatures. A strategic pos
Management 1s recommended, including consideration of
toward hardsolutions For highestvalue assets.

1 0The currency ofFsome OSdata has been problematic For the N

changes have not been updated since the 1970s and the L iner
date, limitingitsutility forcalculatingdates, time |
NCCA—type assessments willl avoid modern OSdata. A key rec
Iimprovements in the survey interval oFf MHWS and publ i1 sh
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metadata.
7.2 Within the NCCA: next phase

The NCCAat a national level informsmultiple strandswith
(A0l6b & c), enabling astep change 1n the evaluationofri
assets. [t isrecommended that the NCCA Isused to assess 10c
Local Authorities.

The NCCAhas identified thatdataavailability is key and al
promptly shared. However , insome sectionsofthepublic
opendataagendaandINSPREcompll rance, s fnot in letter but
gathered and Ffunded by the public purse 1s freely avai
organisationsandenable insightsandefficienciestob

Mostof the sites investigated by the NCCArely on a two—-d it
coastal changes are three-dimensional (3-D) . Anupgrade
change Iin understanding the local coastal sediment bu
sediment lossandgains._. Whole—-coastacquisitionofregl
airborneliDAR) Iis recommended .-

NCCA rel mance on MHWS as the key national ly avail lable data:
short where very low gradients and dense vegetation occ
receded independentoFfFMHWS (e.g- withincultural and na
research tobetter diagnose changewithinsuchsituatio
datasets.

POst—-NCCAwe recommend work to identi fyamethodology to i
Assessments2witherosion—-enhanced coastal Flood risk.
with inland extents of land below MHWSwou ld enablle the re
defence Features tobeestablished andbetter infFormris
SEPA"s duties under Sectionl9ofFthefFloodRisk ManagementAc
stakeholders.

INnsupportofSectionl9ofthefFloodRiskManagementAct, the
Tor natural andartificial coastal Flood/erosiondefen
AssetDatabase NCCARepoOort7)

€t s recommended that the NCCA data be compared against
INFrastructure, Ministry ofDefence and Waste Water Netw
1dentifyanyotherareasatriskinthe future.

The NCCAdid notconsider climate change risk. Reduction in
erosion (eastcoast), ananticipated 20-30% upllis Ft requil
2017) and theeffectson flood frequency, indicate an asses
oncoastal erosion isoverdue and recommended .
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