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Scotl and’s National Coast al

Dynamic Coast - Scotland’”s National Coast
Executive Summary

The amount and rate of change on the Sclottis

hi storic positions of MHWS over time at| threc¢

These rates and positions allow a foreclast O |

positions of MHWS in 2050 and 2050+, alnd of

future by erosion.

The | ocation of MHWS on t he 1890 and 1970 N

plotted positions by the Ordnance Survely.

The modern position of MHWS depicted on Di gi

aeri al photography or LiDAR require to (be ge

extracted using a standard met hodol ogy.

The method adopted to compute the MHWS |heigh

the harmonic analysis method of t he Natl|ional

and the MHWS hei ght bet ween t hese knowhn POL"

derive a height and thus a position.
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1.IOntroducti on

This document describes the methodol ogies wused
(NCCA) .

2.Definitions
I'n order to assist the understanding of the met
are defined bel ow.

2. Mean High Water Spring
2. 1Sdotl and

I n Scotland, Ordnance Survey data represents a h
The |Iine reflecting the alignment of the meal
‘“Mean High Water Spring Mark’

The Iline reflecting the alignment of the ave
Function of ‘ Mean Low Water Spring Mark’
I f the alignments are coincident then the 1|

Water Spring Mark and Mean Low Water Spring |

2. 1AQcuracy requirements

The positional accuracy for tide | ine capture |
feature being measured. Ti dal mar ks that | ie on
be subject to frequent wvertical and horizontal
Additionally tidal mar ks on shallow sloping sur
position as a result of a small change in tidal
Conversely tide Ilines on steeply sloping surfac:é
be more accurate and | ess prone to horizontal <cfF
When capturing a tide |Iine by measurement at
of the measured tide must be within 0.3m of I
When capturing a tide |Iine by identifying th
interpol ation from a Digital Terrain Model)
0. 3m.
2.Nor mal Ti dal Li mit
A further mark indicated within Geobase-04 dat a
the point along tidal rivers where mean tides (
affect the | evel of the water in the river.

3.VWVbhol e Coast Assessment Methodol ogy

To appreciate the distribution and proximity o
datasets have been compared against a series of
100 m, 50m and 10m. Given the complexity of the

(Ordnance Survey Vector Map District), which mai
process within our Geographic I nformati on Syst
Master Map MHWS 1| ine, t hough this proved too de
asset/receptor dataset used is directly compar a
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Ri sk Assessment, but has been supplemented witdt
sites.

The OS Vector Map District polygon was convert
sections of coast , buffered and merged to creat
200 m and 500 m. These were then clipped with 1t

Each of the asset dat asets were then intersecte
(see section 4.1) to establish if these assets

The asset datasets were also considered alongsi
the coastaletzodbel 6( FiluPtSoMy CESM+80) . Unli ke the N
adjusted version of Coast al Erosion Susceptibi
Assessment we’'  ve used a slightly different sect
Whol e Coast Assessment used the UPSM which inc
altitude (i.e. amount of erodible materi al abov
presence of coast al def ences, nor <coast al pr oxi
assets may be susceptible to erosion in the | on
the future. Once intersected the number, l ength

4 NDCCA Coast al Change Met hodol ogy

To estimate coast al change on national scal es,

di fferent datasets, which when combined ful fil

and analyse the coast al change output s, the coa
coast) was required. Foll owing on from this, the
1898-1904 coastline and the 1970’ s coastline nee
mark needed to be established, preferably wusing
complete these tasks are described in turn bel ov

The NCCA aims to focus upon those areas where «cc

for management . Hence, there was a requirement
by soft or dynamic shorelines, so that these ke
are rocky, steeper and much | ess dynamic. To as
Erosion Susceptibility Model (CESM) was wused. T
where a number of physical datasets (ground el €
proximity to the coast) are ranked in order to

respect the rockhead | ayer within the CESM was

rockhead was below MHWS and thus had a sedi ment
are identified as soft coast. Aeri al photograph
these areas to fine-tune the process of identifi
then supersedes (by some way) the earlier and | e
EUrosion (2004) project. The MHWS was taken fro
this being the | atest update available on the g

CESM, and aeri al photography, the soft coast wa
following criteria:
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Table 4. 1: Proposed classification of soft coast, b a
Hi nterl and

— Classi fimcatitpm X -

« Er od|iPalrea i al I|Motered&dibeheer ed

- Erodi bl € So Mi x e d Hard| Arti flici al

o |Partialdl So Mi x e d Hard| Arti flici al

f Not erodq Mi X € Mi x e d Hard| Arti flici al
EngineerAr ti Arti fi| Artif| Arti flici al

The soft cost classification was perfor med for

approximately 4,434 km of the Scottish coastlin
(Figure 4.1). The soft classification was done ¢
to coast al change, the artificial coast was al s
the CESM and aeri al photography. Any areas not

as ‘“Hard and Mixed’ coast . The initial coast al
coastline. However, in order to assist with the
there was a need to estimate the coast al type

available for this classification, therefore mo
maps were used to infer the coast al type i .e. a
been soft in the past. This classification was

nati onal assessment .
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Figure 4.1: Coast classified as ‘soft’.
4 . PPl otting the Historic Coastl]li e Pos
4. 203 Si x-Inch County Edition Seconi
The Ordnance Survey (0S) Six-Inch County Series
1898 and 1904. According to Sutherland (2012) t
Series maps was surveyed by OS surveyor wusing t
closely correspond to ‘High Water waurlkd oofc c@rrdi t
surveys were to be made during calm weather and
met hods:
! The HWMOST became MHWS in | ater OS maps, however
definitions remain unchanged. The height of mean hig
t wo successive high waters during those periods of 2
values of MHWS vary from year to year with a cycle o
Facility, 2017)
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Objects were placed on the beach at the ti me
were surveyed and the surveyed points were j
The mark | eft by high tide was surveyed.

BRODICK BAY

Figure 4. 2: Example of an original OS Six-Inch
The original publ i shed paper sheets consist of t
4. 2) . The original paper sheets were digitally
cropped the border on the digital versi on, | eav

the sheet were then georeferenced (from the Cour
The coordinates for the sheet boundaries were o
the Brian Adams/ Eldt Fpeld /dwwwcfoioeldj mmamaeiss (i nf o/ cco

Using the georeferencing process above some she
Scotland. The NLS estimate that parts of the Bo
their true position, whereas parts of the Weste
(27m) from their true position. This error has

1. The sheet |l ine coordinates obtained ar e

2. The conversions between the County Series
have introduced errors.

3. The conversion between the OS 1858 datum
recent O0OSGB1936 [/ WGS84 datums have introduc:c¢

4 . War ping |/ di stortion of the original (pa

sheet s.
For use within the NCCA these positional errors
approach (e.g. adjusting datum conversions) e X |
hi ghlighted above, partly since the error sour c
used was to manually georectify the NLS positio
Modern OS 1:10, 000 maps were used to identify f
two features exactly matched, a ground control



Scotl and’s National Coast al

predominantly of the corners of buildings, fielc
some rur al coast al areas, due to the | ack of i d
stable sections of coastline (such as rocky pror
were used. Using such <coast al features as GCPs
adopted then some rur al areas would show consi de
sheet was transformed wusing the *“spline’ adj us-
exactly through the GCPs. Where there was no ¢

joined together prior to georectification to redc

The NLS have scanned and georeferenced the OS N

Britain with dates c¢closest to 1970. For the pur |
dat aset . From this OS 1970s dataset, the sheet s
use within the NCCA. I n these maps the OS ter mi
used instead of HWMOST, however this is only a
remain unchanged. The MHWS | ine was plotted ar ¢
l'inear interpol ati on bet ween tidal gauges base
el evation of MHWS was directly measured). The i
contour of MHWS at the appropriate elevation (t
pairs of analogue aeri al photographs which were
tidal l evel and the date of photography defines

A breakdown of the year surveying ended for eact
4.2, with the spatial di stribution shown in Figtl
t
f
c

he National Grid projection, no further transf
urther adjustment. The date that surveying end
hange rate analysis to identify the temporal <cbf
Table 4.2: Year surveying ended for the coast al sheet s

E OCIFl]umberPemfcentage of

P Sheets Sheet s

1950 s 17 1 %

1960 s 239 15 %

1970 s 954 61 %

1980 s 246 16 %

1990 s 102 7 %
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Figure 4. 3: Spati al di stribution of the year surveying enc
sheets for Northern England are represented here for compl
4. 2.

4. 2Hi3st ori c Coastline Extraction
The high water mark from the adjusted OS Six-1ni
1970’ s’ sheets was extracted. For the OS Six-1nc
Mar k of Ordinary Spring Tides’ ( HWMOST) was map
Water Springs (MHWS) was mapped (note this is |
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the same) . The high water mar k was extracted u:
extraction. The manual extraction required the
to be traced using a stylus (within the NCCA th
aut moted extraction used the ArcScan tool bar wi:

l inked across sheet boundaries, and then assigne
number , and |l ength (in metres) &etc. For the 197
mi xed) was also included.

Figure 4. 4: Coast al l ong a narrow estuar
extends far inland. icate erosion, shade
backdrop photography.

Two contexts were identified where extracting t|
given the objectives of the NCCA. These were:

Where the Nor mal Ti dal Li mit (NTL) extends a

within moderate to narrow inlets, and the <c
than coast al processes (Figure 4.4). Althoug
dynamic and mobile nature of the channel s, al
maps is often characterised by advance or r ¢
other areas could be prioritised. Digitisati

more than 300 m upstream of a narrow estuari ¢

There are numerous islands and skerries arol
water mar k of these islands can be establis
related to extensive digitisation. Since man
change in the position of the coast and witt

10
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Nati onal
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they were removed from the analysis to all ow
are involved then the focus of the NCCA i s
si ze, asset data and expert knowl edge was u:
within the analysis.

4 Bl otting the Current Coastline Posi
The <current position of MHWS on modern OS maps
met hodol ogy used by the OS, outlined in Sectio
photography to derive a ground el evation, Li DA
di gital el evation models (DEMs). To ascertain t
establish its elevation (relative to Ordnance
account tidal variation and sea | evel rise. Once
(derived from Li DAR or aeri al photography) to e:
the analysis. The methodology used is described

4. SMHWS EIl evati on
Within Scotland the OS data represents a high wa¢
in order to plot the MHWS | ine as a contour, t !
MHWS el evations around the UK <coast, the Natio
software package named POLTIPS. The tidal hei ght
har monic analysis method, devel oped by the NOC
worl d.
The tide gauge records the vertical
e Tide Gauge movements of the sea level at a regular
interval (e.g. the height every 15 minutes).
Oualtyenirel | C" L e o
s data is flagged.
o | e e
el P
Software: POLTIPS-3 - ﬂd;:;;ise’; :dal
! Reproduce the data
in a ‘user-friendly’
format.
Figure 4.5: A brief outline of the data and methodol ogies
software package. Adjusted from National Oceanography Cent
Ti dal variations are a resul-t of a number of di
the tides for a location the individual sine wa:
to be identified. Har monic analysis is the proc
waves of varying amplitude, phase and speed whi
anal ysed (National Oceanography Centre, 2014) Up
to derive the resultant tide. Once the har moni

11
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accurately predicted for many years forwards o
met hod to produce the tidal heights is shown in
The tidal gauge records are taken from the UK N
and maintained by the NOC. The tidal gauges in
|l abell ed *Standard Ports’, secondary ports are
|l ocations the POLTIPS software computes the Mea
Ordnance Datum (OD) . I n order to linearly intel
POLTIPS points we adopted coastal chainage poir
approximately 2 km offshore), a method origina
Boundary Conditions (CFB) for UK Mainland and |
was performed by DKV-Haskoning and was used to ¢
height relative to OD) for approxi mately every
Il slands). Within this research this data is tern
Standard and Secondary Ports was also included t
data is termed the *“POLTIPS and Standard & Secor
\Standard and Secondary Ports\ . PolTips tidal point data (MHWS in mOD) .{_f"”
Legend 5.:‘,,.. Voe :::
®  Standard Ports " . o
e Secondary Ports Lerwick - 2'381‘%5E 54
* .;4:5
-] .m!
p ® 0 3 .2{5 y 251 _’i'
° :‘- 2.61.' 5 e <
i .;65
° ik LY 2.5g
Stomoway |® % vee .z:-,s 26}, R g
oy -u“apoo; . = £ -HMYm '-2.1 H.Z.Tm 2.62:'251 2.'5!. fs 2.5
:o : ::vgrgczd%n R o 'Z‘N..zse..zi“' 283
Fiy .. Ay X PolTips tidal steps (MHWS levels in mOD)[™
i =3
@

o L}
L]

°
TS et e

L]
e
.R°.5Y£ Leith.

00

iGrEeno:k b
%

°

8
)
°

Stranraer

MHWS is at 2.36mOD .
e

Figure 4. 6: Location of Standard and Secondary Ports in S
chainage and the POLTIPS tidal steps in detail

The CFB (DEFRA, 2011) was extended in 2013 to i1
sounds and estwuaries, resulting in points plott
MHWS el evation was not calculated for the exten
chainage points were used here as intervals to
surrounding data points (Figure 4.7). A linear
using their MHWS el evation difference and the ni
For exampl e, in Figure 4.7 Transect A has a st al

12
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el evation of 2.44 m (taken from the POLTIPS an

intervening points along the transect. A linear
eight chainage points as foll ows:

2. 44 1.9

( .0)6

and this increment was added to each subsequent
the value of 2.44 was reached.

2.02 202 2.02
e o ‘2.02 ®

2.02

® 2.02
@ 202202
r )

2.32

Kilometres

0 25 5 Contains OS data @ Crown Copyright and database right 2015

POLTIPS and Standard & Secondary Port Data
Chainage Points assigned the MHWS elevation from the nearest POLTIPS or Standard & Secondary Port Data

MHWS elevation calculated as a linear gradient between known MHWS elevation points

@ e @ )

MHWS elevation calculated as a constant from nearest MHWS elevation point (known or calculated)

Figure 4. 7: Exampl e of Loch Linnhe (A and B), Loch Leven
calcul ated for the extension chainage wusing the POLTIPS a
calculated using a |inear gradient, whereas C and D used a

13
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Kilometers

0 25 50

MHWS Elevation Points

mhws_elev
High: 547

Low :-0.96

Figure 4.8: The ‘' mhws_el ev’ raster derived from the MHWS |
el evations are metres above Ordnance Datum ( mAOD)

The same method was wused for Transect B, wusing
di stributed over nine transect points (0.525 m

14



Scotl and’s National Coast al

were calculated differently as there was no upst
gradient . Subsequentl vy, the MHWS el evation (eit
Port dat a, or from an elevation calcul ated as a
point of the transect was used as a constant al c
was repeated for all of the extended chainage
data and chainage points did not allow for the |
within the Outer Hebrides (which were deemed r

extended chainage points). A point dat aset i ncl
and the calculated MHWS el evation chainage was

El evation Point Data’

Once the MHWS El evation Point Data had been est
l and surface was calculated using a DEM to extre
order for the MHWS el evation data to be wuseabl e
This is performed using the *‘Spline with Barriert
This tool interpolates a smoothed raster sur f a
mi ni mum curvature spline technique. Using a pol

the interpolation to be calculated only for the

cel | si ze, and extends 400 m inland so that the
the MHWS contour. The output is termed the ‘' mhws
Once the elevation of MHWS have been establishe
calculated by wusing the DTM to extract a cont

met hodol ogy used is briefly described bel ow:

The DTM is c¢clipped to a buffer of 400 m eithi
To smooth the dat a, the *‘Focal Statistics'’

nei ghbour hood;

To further smooth the DTM the *Fill?”’ tool w a
compl etely surrounded by cells with higher el
The ‘mhws_ el ev’ raster was then clipped, res

size and position of the DTM raster;

Where the ‘' mhws _ el ev’ raster and the DTM ove
extract the cells (and assigned a value of 1
the height of MHWS i . e. the value of the *‘ mlt
raster calculator was: Con("DTM" <="mhws _el e\
This raster was converted to a polygon, t h
cleaned automatically to remove any | ines r
rather than actual dat a;
The polyline was then smoothed using the * Sm
tolerance of 4 m. The *Smooth Line’ t ool W a S

same settings as previous) to further smooth

15
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I'n order to establish the amount and rate of C

current MHWS positions were compared. For regi

change, a grid cell based approach wil |l used. TF
A point at 10 m intervals was places on the
wi || have the effect of splitting the polyli:i

(5 m either side of the plotted point);

Using the *‘Near’' tool, the distance between

modern points was established (Figure 4.9b) ;
To establish which sections of coastline wer
the I and for each coastline (termed the *‘inl

and 1970s time period. Where a CCU point frc
inland polygon boundary, or a modern CCU po
polygon boundary, the near di stance was mult
negati ve. Where the CCU points |l ay outside ¢
was multiplied by 1. Hence, a negative dista
is a sign of accretion. This value was ter.
vector);

The point data was then joined back to the

polyline split at 10 m intervals, with a vecHt
The time difference between the two coastlin
and a rate of change was established (distan:

The change rate extrapolated over 10 and 25
25) ;

16
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Historic Coastline

Current Coastline

Historic Coastline

Current Coastline

Figure 4.9: Hypot heti cal scenario demonstrating the coasta
along each of the coastlines b) the distance between the ¢
figure: areas of accretion will also be assessed using the
5. Availability of modern terrain heig
Deriving a modern MHWS | ine not only requires

representative topographic dataset, ideally in
(DT Ms) . In dynamic areas it is imperative to h;:
ensure the resultant | ine work remains an accur g
SNH coll ated a Pan-Government Remote Sensing Da
surveys it was aware of and had access to. This

17
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Pan-Government Remote Sensing Data Index
(Work in progress)

Legend
RS_Index_2015-04-27 GEORGE_Data_Sources
DATA_TYPE SOURCE_ORG
Il . 0AR, digiap & cAs! [ Environment Agency [
I Li0AR & digiap B noterra
- LIDAR - Renfrewshire Council/Cities Revealed
. Orthophoto & DTM

AP - Orthophoto

AP - Rect. pairs
- AP - Rect. single ."
- AP - not georect [ ]

I o7 via GPS Survey

”
’\ 0 25 50 100 Kilometres
(Y S T N I TN T |

Please note HS's LIDAR for St. Kilda is not included in this map.

Figure 5. 1: Mapped representation of The Pan- Gover nmi
The above RSDI data set allows the reappraisal c
the main firths and more spatially | imited are
dat asets have been included, the |l argest sur ve
management wor k. Most of the DTMs have been der

additional DTMs created from other Li DAR and aer

6.MWata Structur e

The methodol ogies above resulted in a total of f
1890s and 1970s, a modern coastline position, z
1970s to modern. As wel | as the spatial dat a, tr

18
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attribute data definitions and units are show i

dataset is shown in Table 6. 2.
Table 6. 1: Definitions and units of the data foul
Col umn I D Definition Units
Cel | The designated sedi ment ¢ - situated
Sub_Ce¢ The designated sedi ment su - is situa
| mage The image | D of the histori i gitise t
ge. 1970s coastline.
Surv_Start The date surveying started.
Surv _E The date surveying Year
Pub The date the map was published.
Dat a The source data of the -
QA Accuracy of OS Master Map dat a
CT The coastal type cl a Soft/Artificial/ Hard an
Near _Di st The distance between the younger and ol der ¢
. The vectorised distance b HEW T O6 (a. p03|t|evre_annudmb0e|
Di st _ . . . advance; a negat. ve nun
coastlines i.e. either . . 0,si on.
indicates retreat’)
Near _Angl e The average bearing of the ten closets poi
Rat e A2 The rate of coas_tal chang Metres per y)ggrand 1
- coastlines.
Rate_B_Ehe rate of coas.tal change beth/lee%nretshepelr97y0esarand m (
coastlines.
The estimated amount of «cu 'r the ne
Rate_:years calculated by a |linec¢ Met r es of the c¢
rate
The estimated amount of coast al change over the ne
Rate_2¥%¥ears calculated by a linear extrBMebitasi on of the ¢
rate
Shape_1L The |l ength of the ¢ Met r es

19
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S
a

Table 6. 2: Data included within each of the
Dat a
Column %%gguégfgﬁrgfgppp ,j© 1970 Change 1970 to Mod
Cel |
Sub _Ce
Il mage _|I D
Surv _E
Pub
Dat a
QA
CT
Near _Di st
Near _ A
Di st _V
Rate_A
Rate_B_C
Rat e _
Rate_25
Shape_1L
7. FOuture Coastline Position Estimates
Once the coast al change rates have been establi
be esti mated. The methods used for coast al ero
tur_n. |t i s important to note that no consider
ri se, change i n storm frequency, ar e incorpor
projections are an extrapolation of past rates

To forecast the coastline position on eroding c{
Section 4.4 is multiplied by the appropriate nul
year , equals 75 m of change over 50 years) t he
(Figure 7.1a) in | and. The projected area s th
erosion polygon (Figure 7.1b). The Coast al Er os
was used to more accurately determine the hinte
raster based model (50 m cell size) where a numt
el evation, wave exposure, and proximity to the

erosion susceptibility. The CESM is modified to
parameter and included in the analysis by erasi
deemed to have a CESM score of equal to or ess
physical characteristics to allow erosion (Figur

20
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a) b)

Figure 7. 1: Hypot hetical scenario demonstrating the future
m point intervals created in Section 4.4 are projected to
projected CCU is converted to a smoothed polygon c) the ¢
susceptible to erosion d) the CESM shows that the right h
removed from the predicted future erosion area
7. 1Cdast al Erosion Buffers
Once the coastal erosion area had been produced
The first, |l abell ed the erosion influence zone,
buffer was created as some assets can be negati:
assets are now situated closer to MHWS. For exa
been abandoned, as boul ders are often over wast
damage. A further buffer 50 m beyond the erosic
any vulnerability assessment is able to inform
areas of coastal erosion that may be indirectly
7. lF 2t ure Scenari o: 2050+
Due to the effects of climate change there is
estimate the possible impacts of this <coastal

represent the amount of erosion expected by 210
interpreted as the consequence of an approxi mat
therefore provide information for future plannir

7. 2Accreti on

For the majority of areas, where coast al accret
modern MHWS position, a 5 m buffer along the co
wi || possibly continue at this | ocation. Howe vV
sources exi st e. g. hi storic dat a, academic | iter
possible to estimate the future position of MHW
is performed to delineate the possible future pc
been performed in | ocations where accretion 1is
spits, e.g. North Tentsmuir.

21
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Such an approach is necessary as whil st accret.i
erosion is the net removal of sedi ment, project
erosi on, but creates unlikely situations with
processes, accumul ated sedi ment is readily spre
may also |l ead to the building up of coast al | anc
For this reason it is more realistic to highli ¢
| at er al coast al devel opment is anticipated (i .e.
8. Mdul nerability Assessment
The future erosion areas di scussed above were
potentially impacted by coast al erosion in 2050
erosion rates). This was performed by intersect:
data within ArcGI S. The assets included within t
Table 8. 1: Data included within the coastal erosion vulner
within the Future Look 2050 and 2050+ attribute tabl e.
Dat a Type Source Col umn |

Community Services Point CommSer v

Non Residenti al Properties Point

Residenti al Properties Point

Utilities FSEiPIAt Apprai sal Baseline Utilit

Rail Track Pol yRdmept or Rai

Roads Polyline Roads

Ai rports/ Runways Pol ygon Air

Cul tural Heritage Pol ygon C

1000-year coastal flood envelope Pol #¥gopnd_1000

200-year coastal flood envelg%ﬁ Pol ygon

Protected Environments ol ygon

Potentially Vulnerable Areas Pol ygon

Natur e Conservat.aon Mari ne

Protected Areas PO m&oﬂ NC_MPA

Nati onal Natur e Reserves ( NNR) Pol ygon

Special Areas O%oﬁ?&fﬁévatfp h Natur al Her i SAge

(SAC)

Speci al Protected Areas (SPA) Pol ygon

Sites of Speci al Scientific I nterest

(sssi) Pofygon SSSI

Gardens and P&PJ@&ﬁd GarDLand

Landscapes

Properties in Care Hi st orPiod YE®Wi ronment Scotl and

Schedul ed Monument s Pol ygon Scl

Battlefields Pol ygon Batt

Septic Water Tanks Po.i Wt r Septic

Clean Water Pfﬁfﬁtl sh Gover nmeimt Wi

Roads Polygon Ordnance Survey (Meridian

9.30D Analysis of Coast al Change
9.Blackground

The National Coast al Change Assessment was Cco0Ommj
present and future coast al change in Scotland.
Management Plans is to identify the position of

22



Scotl and’s National Coast al

maps; in this case this is the position of Me an
Mar k of Ordinary Spring Tides. The changing pos
erosion and accretion to be identified; however
specific contour and says nothing of the change:
as a proxy for the surrounding | andforms has bee
commi ssion into coast al erosi on, 1915) however |
be more readily surveyed, compared and di sseminsa
Bel ow summarises a trail of these techniques to

To adequately test the approaches a section of ¢
high quality height data. This would all ow comp:
of MHWS.

Early | iaison with the Ordnance Survey (0OS) sug
created for Tiree wusing 2011 photography. Thi s

SNH in 2006 and allow relatively recent change
observation of recent coast al erosi on. The add
observations identified that the erosion was o0n(¢

prove valuabl e.

The OS processed 2011 i magery, however once ins
artefacts and datum issues. A request was made
intervening time our attention turned to other s
The Golspie links (Sutherland) had multiple dat
stor ms. Whil st smal | er than Tiree, this site ha
and floods damaging assets within the coastal zoc
Whi | st the northern section of the Gol spie Link
survey (Phase 1) in 2011, the area to the south
research and partnership work, they had commi s
University of Glasgow had also undertaken groun
which were also made availabl e.
Table 9. 1: Dates and summary of i mpacts of stor
Date o Summary of lin
Extensive -wash, flec
14t h Dec 2012 damage to Gol f Cour se, Car a
Track. The NNR was inundat ec
Locali sed -was h, floc
Feb 2014 damage to Gol f Cour se, Car a
Track. The NNR was inundat ec
Locali sed -was h, floc
66 & tOcCct 2014 damage to Gol f Cour se, Car a
Track. The NNR was inundat ec
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il st full met hods are available within the Me:
storical and current maps were | oaded into th
sitioning was correct. Mean High Water Spring:
en digitised to create a |line depicting the |
re then investigated using semi-automatic pro
rial survey from 2013 was al so analysed to ext
e Digital Surface Models (DSMs) were | oaded w
omalies. The Feb 2013 DSM was created by digit
rial i mages are analysed to produce a 3D surf
rth) to the mouth of Loch Fleet (in the south)
surveyed in October 20114. During the interveni
e two surfaces were aligned on to the same
mpari sons could be made. The area of overl ap
anges, by subtracting the newer altitudes fror
th gains in altitude shown as positive values
change were then inspected and identifiable
anges in separate parts of the beach to be que
e smaller 2014 surface was then embedded withi
sualisations to be undertaken. Whilst the anal
eparation of web-based virtual | andscapes wer €
e 2D changes between MHWS position in 1970 (vye
sition in 2014 (purple dotted 1|ine) in Figur
ail abl e vivwaww.hdey nweenbi - rntaopass t(. ¢ o m
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Figure 9.1 Map of the Golspie Links (Sutherland) showing t
purple dots). Backdrop i magery is provided by Get Mapping.

9. 5212 I nterpretation
The retreat at the southern end of the coast al (

detailed description at Golspie in Cell 3 repor
only had the maps to rely on then the descript
| owering could be inferred from the width of tI
photography isn’t flown at | ow tide.

9. 533 Resul ts
The 3D changes between February 2013 and Oct 20
erosion is shown as red, little change is shown
green. Whilst these can be depicted as maps, t he
range of user dwevwWww.neydn proisd ¢ d 3 gats). dd acBrdeoQuot | psuptise Mo d ¢
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Golspie 3D Modelling Results

Feb 2013 and Oct 2014 (erosion is .
0 red, accretion/repairs is green, orange - ! + Custom Plane

. is little change)
-297 Click on a model below to load.

Flease be patient the models are
16MBs in size

2013 Orthophoto on Feb 2013 DEM @

2013 Orthophoto + changes on Feb 2013 DEM &
2013 Orthophoto on Oct 2014 DEM &

2013 Crthophoto + changes on Oct 2014 DEM &
2013 Orthophoto + two |ayers (changes on Feb
2013 and Oct 2014 DEM) @

. 319 Elevation change in metres between

Figure 9.2 three-dimensional mo d e | of coast al changes at G
reds, little change in Yellows and Gains [/ Accretion / Re
i magery provided by CASL © SNH.

9.530 Interpretation

Figure 9.2 identifies considerable mid-beach 1| o
along with | osses within the crest, the centr al
dune interior. I nteresting the greatest | osses

the 2014 storm. The mid-beach and dune crest | o0s
enabl e management responses, in this case the i
feed the beach to return it to a 2013 pre-storm

I't should be noted that given the accuracy of

beyond that of the 2D analysis. For exampl e, i n
and 2013 which is under the significance thresh
3D surfaces depict far more detailed and inform
more detailed and considered appreciation of eroc
Given recent improvements in computing technol o
web browsers. This revolutionises the user’s opr
the dat a. By comparing multiple datasets within
the pre and post-storm | andscapes and quantify

9.5). To see this modelwwaw.dd yonnaemifcocro at shte. cBoany/ oouft pS
Anot her benefit of 3D analysis is greater <clari
MHWS. This is of particular i mportance for Hist
within their Properties of Care. The topographi

shown in Figure 9.6, with pockets of erosion al
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likely to contain archaeol ogical interests than
experience seasonal changes alongside repeated
foll owing stor ms. A similar process of beach cr
(Moray Firth) despite MHWS remaining stable witdt
Sediment budget (2013 Feb to 2014 Oct)
2 i 5 s 2230
Golf course
678
h : 1224
Caravan MM 3.5?
2 J |
% B 5 944
z Caravan N |
80
L‘ 2 T % Bl 7176
i Caravan mid | 258
}f‘fh 165 = Middle-Losses
E Caravan 5
- ilD | Upper-Losses
E s 3 375 Lower-Gains
. Caravan 58 T
B Upper-Gains
: 1
i | e
! Kart Track MN e
386
= KartTrackM - 375 605
s 6 l
=] ]
L] =
> B 702
Kart Track s | 717l iaie
£ B 356
Kart Track 55 _1;1133|
0 500 1000 1500 2000 2500
Volume lost/gained
Figure 9.3 Sediment Budget for Gol spide Hdan&kd ,omhdWli Hhgt @ aza

changes.

27



Scotland’s National Coast al

Change (2013 Feb to 2014 Oct)
Cng_20140ct-2013feb. tif

Value
“.~ High : 3.19544
S Low ;296972

Golf course
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Caravan N

Caravan mid

Caravan SS
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Kart Track S

Kart Track 85

@ Crow

ons used to analysis the volumet

Figure 9.4: Partiti
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Figure 9.5: 3D viewer displaying topographic change be

Figure 9. 6: 3D view of erosion along the beach cres
9. Bummary of 3D Analysis
1)Two-di mensi onal (2D) approaches use the <chan
for changes across the | ower, mid and wupper
not occur within three-di mensional (3D) ana
rather than inferred from a proxy measur e.

29



Scotl and’s National Coast al

2)3D analyses can offer a far higher | evel of
greater detail on actual changes rather than

3)3D analyses also have considerable advant age:

nuanced changes are apparent. This is particlt
43D analysis requires at | east two accurate s
the case i n many areas. I n these instances

suppl ementary surveys.

5)Whi | st t he NCCA has relied on 2D to MHWS,
i nformative where erosion influences flood ri
behaves in more complex ways (i .e. Skara Br ac
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