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Executive summary

Background

The uplands are highly valued hallmarks of Scotland, often combining spectacular landscapes

with wildlife of high conservatn importance, and providing a major focus for outdoor
recreation. The distinctive aesthetic qualities of the Scottish hills are particularly strongly
expressed in certain areas that are dominated by natural or-nedural vegetation, lack of
obvious human intrusion from built structures and the rugged, challenging and remote

nature of the terrain. These are now widely

wild land resource has been subject to steady attrition due to various types of development
including renewable energy schemes, afforestation and the construction of bulldozed hill
tracks. Wild land is increasingly reflected in land use and planning policy in Scotland.
National Planning Policy Guideline (NPPG) 14, published in 1999, higtilgykitdue of wild
land, indicating that local authority development plans should identify and protect such
areas. In order to support this initiative, SNH recently produced a Policy Statement on
Wil dness in Scotland®&s Co u ming byidfor thecur(el®@ NH ,
work outlined proposals for three linked pieces of work

T a public survey investigating peopl es?d
Scotland;

1 a method for a Geographic Information System (GIS) based analysis of wildmess; an

1 a GIS analysis of wildness to identify the geographical extent and intensity to which
different wildness qualities or attributes can be experienced acros€#imgorms
National Park.

This report describes work completed on the latter two using tBeirngormsNational
Park and its immediate environs as an exanife. first piece of work was subject to a
different contract and reported separately (Market Research Partrisdmburg2007).

Work undertaken

A GlSbased approach is developed here terdify the geographical extent and intensity of
wildness in theCairngormsNational Park (CNP). This is based on previous work on wild
land quality mapping utilising @&sed multcriteria evaluation (MCE) and fuzzy mapping
methods. These methods are uktogether with results from the perception study to

develop map datasets describing the four principal attributes that contribute to perceptions
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of wildness in the CNP; namely perceived naturalness of land cover, absence of modern
human artefactsuggedand challenging natudd the terrain, and remoteness. The four
attribute maps are combined into a single wildness map using MCE/fuzzy methods allowing
the relative priorities derived from the perception study to be reflected in the wildness map
without the need for deterministic criteria or sharp boundaries defining what is considered
wild and that which is not. The method is implemented across the whole of the CNP and
surrounding areas to produce a map that quantifies and spatially delimits perceptions of
wildness across the park that can be used for planning and other decision support purposes.
A wildness mapping tool suitable for implementation in ArcGIS software suite is developed
and provided for use by CNP officers along with a novel rapid viewslsssasent tool.

Main findings
The work described in this report delivers the following outputs:

1 A GISbased methodology for mapping wildness attributes and combining these using
different weighting schemes to draw wildness maps.

1 A stepby-step guide to tle use of the methodology to allow CNPA officers to
replicate the study and keep attribute maps up to date.

1 An ArcGIS9.2 compatible tool for creating wildness maps from attribute layers and
training for CNPA staff in use of this tool.

91 A series of output dadsets and maps of individual wildness attributes and combined
wildness maps.

1 A lifecycle of output datasets consisting of accurate metadata and lineage based on
the CNPA metadata schema and including descriptions of attribute fields and values.

1 A detailedinterpretation of the results including an analysis of dataset accuracy and
sensitivity of the results to different weighting schemes.

1 A retrospective analysis of the study to identify lessons learnt and possible next
steps.

The maps contained in the repioshow a high degree of complexity and variability within

the components of wildness across the CNP and its immediate environs. The spatial pattern
in wild land attributes is sensitive to the methods, assumptions and the data used. This
results in local dferences between the different ways of mapping each of the attributes.

This sensitivity notwithstanding, the same basic overall pattern of wild land attributes can be
observed across all the attribute mapsespective of the methods usenh that the wider

areas of the CNP are in the main confined to the large roadless areas of the mountain core
and their associated glens. These include, but are not limited to:



the Cairngorm plateaand mountain coiregast and west of the Lairig Ghru;

the high moorlad plateau oMoine Mhor;

the peaksandcores@ei n A6 Bhuird and Ben Avon;
Lochnagar and the White Mounth;

the remote headwaters o6len Feshie; and

the head of Glen Banchor adjacent to the Monadhliath in the north.

E R

At the other end of the wildnesspectrum, the least wild areas are strongly controlled by

the strathsand glens that dissect the paikcluding Strath Spay, Strath Avon, Strath Don,
Braemar and Deeside, Glen Clova and Glen Truim, together with their associated roads,
settlements, infrasticture and agricultural land use patterns. Plantation forestry also has a
marked effect in reducing wildness in key localities such as Glenmore/Rothiemurchus, Strath
Avon/Tomirtoul and Abernethywhile local ski developments have a marked local effect
through their concentration of access roads, maintenance tracks, ski lifts and buildings.
These include the Cairngorm, Lecht and Glenshee ski areas, although the effect of the latter
is less pronounced by virtue of its location on the park boundary.

Combining the attribute maps using the MCE/fuzzy methods and different weighting
schemes and inputs developed in the main body of the report generates a range of overall
wildness maps. Using an equally weighted map as the baseline for comparative purposes, it
canbe seen that whilst there are local differences in either the intensity or pattern of the
relative wildness values, there is a strong agreement between all the maps as to the overall
pattern of wildness that corresponds to those wild areas listed. Thigdigative of a high

degree of robustness and associated confidence in both the methods/data used and the
maps produced.

All attribute maps and composite wildness maps are reproduced throughout the report as
well as in larger A3 format in Appendix 7.
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1. Introduction

(1.1) A GISbased methodology is developed to map wildness attributes in the
CairngormsNational Park (CNP). This is based on previous work by the team mendrers
wild land quality mapping utilising &&ed multcriteria evaluation (MCE) and fuzzy
mapping methods (see Carver et al., 2002 and Fritz et al., 2000). Existing digital map datasets
are used wherever possible supplied under licence f@arngormsNational Park

Authority (CNPA), Scottish Natural Heritage (SNH) and other organisations as appropriate.
These are used to develop map datasets describing the four principal attributes that
contribute to wildness in the CNP, namely perceived naturalnessdfdaver, absence of
modern artefacts, rugged and physically challenging terrain, and remoteness. The attribute
maps are combined into wildness maps for the CNP area using MCE/fuzzy mapping
methods. This has allowed the relative priorities derived from pleeception study to be
reflected in the wildness map without the need for deterministic criteria or sharp
boundaries defining that which is considered wild and that which is not. The method has
been implemented across the whole of the CNP at a high réswland the lifecycle of

each dataset established to allow for ease of maintenance and future updates bya@NPA
SNH staff. A wildness mapping tool suitable for implementation in ArcGIS 9+ has been
developed and provided for use by the CNPA along withoael rapid viewshed assessment
tool. The steps in the development of this wildness assessment method, its application and
the outputs generated are outlined in detail later in this report.



2. Background

owild, lonely, isolated country is a thing of very high value to men. It is a value that
has been greatly underestimated by all but a very few of our planners... The
remnants... will become a priceless asset, if we resolve now to keep thend
W.H.Murray (1968)

(2.1) There has been great deal of debate in recent years over the definition and

applicability of wild land in the UK. Perhaps the most progress has been in Scotland, where
some of the nationds wildest | andscapes can
their lead fom National Planning Policy Guideline 14 (NPPG14) on Natural Heritage, have
developed their own wild land definitions. These include Scottish Natural Heritage (SNH),

the National Trust for Scotland (NTS) and the John Muir Trust (JMT). NPPG14 defines wild

la n d Unirthabived and often relatively inaccessible countryside where the influence of human
activity on the character and quality of the environment has beén mini&@ PG1 4, 1998)
SNH definition, pub]l padgshofeSdotlavherezhe ikl characteeof s t o
the landscape, its related recreational value and potential for nature are such that these areas
should be safeguarded against inappropriate developmenserclaagge ( SNH, Jul y 20
p.8). The NTS further define wild ldn aedativély remote and inaccessible, not noticeably

affected by contemporary human activity, and offerglitglopportunities to escape from the
pressures of everyday | i vi ndNT8 dahuafyR002p.H.hysi c
This has been the subject of a long running informal debate and a number of publications

and discussion documents

(2.2) Animportant aspect of the wild land concept is its subjectivity and the often shifting

nature of the goal posts. Thisischamat i st i ¢ of the very nature o
perceptions of the concept of wildness and is captured nicely in the two quotes by Roderic

Nash from his boolkWilderness and the American MindHe r e N aMlderness isswtha s 0
menthinkitée a@mmands wi l derness i s 6Gan(oNahsehr,d sl 98o02a,d
This begets an interesting problem that in order to manage a landscape value such as wild

land quality, we first need to be able to define it sufficiently rigorously that we canllgictua

map it. For the purposes of this report, wild land quality is assumed to be an index derived

by combining attribute maps describing the constituent parts or components of wildness

and weighted according to their order of priority, such that the relatialue of wildness

can be mapped for any area. Based on the definition of wildness developed by SNH these
attributes include the perceived naturalness of land cover, absence of modern human

artefacts, the rugged and challenging nature of the terrainf@mdteness from mechanised

access. The method of combining these attribute maps used in this report and elsewhere is

based on adaptations of work by the Australian Heritage Commission on the Australian

'!See for example, th

e ongoing discussion in the pages
O0Benydo Conservationé (2005

) .
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National Wilderness Inventory (Lesslie and Maslen3)@®d work by the contractors for
the UK (Carver, 1996; Fritz et al., 2000; Carver et al., 2002; Carver, 2005).

(2.3) Established methodologies for the assessment and mapping of wilderness tend to

focus on four basic criteria: remoteness from humabitation, remoteness from

mechanised access, apparent naturalness or absence of human artefacts, and biophysical or
ecological naturalness (Lesslie, 1993; Carver, 1996). However, there are no true (i.e.

pristine) wilderness areas in Scotland or the CNPdstarea. In Scotland the emphasis is

more on Owild I andd as those areas where the
can best be experienced. This is distinct from more ecological definitions of naturalness or
00wil d natur ed dsthrbed maturfe of funcionimgrecosysteans (fFenton,

1996). Developing policy on wild land in Scotland has tended to emphasise those elements

of the landscape that make it appear wild to the visitor as defined in NPPBoid SNH

and the NTS considerthma i n attri butes affecting peoples

a. Perceived naturalness in the setting, vegetation cover, wildlife and processes
operating with little evidence of contemporary human land use;

b. Lack of modern artefacts or structures;
c. Landscpes that are rugged or otherwise physically challenging; and
d. Remoteness and/or inaccessibility.

The John Muir Trust (JMT) also include 6gran
important, though it could be argued that this is geograplyiGgatomponent of the

rugged/physically challenging and remoteness attributes. These and other physical attributes

used in the identification of wild land araken directly from SNH policy on wild land and

are expanded on in Table 2.1.



Table 2.1 Physical attributes in the identification of wild land (After SNH, 2002)

Attributes

Main criteria

Further detalil

Perceived naturalness Vegetation cover primarily

Lack ofconstructions
or other artefacts

Little evidence of
contemporaryland
uses

Rugged or otherwise
challenging terrain

Remoteness and
inaccessibility

composed of functioning, natural
habitats.

Catchment systems largely
unmodified, and otér
geomorphological processes
unaffected by land management

No contemporary or recent, built
or engineering works within t
area.

Little impact fromoutwith the
area on wild qualities from built
development, power lines, or
masts or other intensive land
uses (say forestry), or from noise
or light pollution.

Limited effects on the wild
gualities of the area from older
artefacts.

Extensive ranggrazing and field
sports (as economic uses of the
land) will often be present, as
well as public recreation.

Land uses of an intensive nature
should not be present.

Striking topographic features, or
land having extensive rough
terrain or extensive boglands,
difficult to travese.

Natural settings for recreational
activities requiring hard physical
exercise or providing challenge.
Distance from settlements or
modern communications.

10

Habitat may often not be in best
condition or at optimum ecological
status. But there will normally be
potential for recovery, and the
vegetation cover should be compose
of natural componentsSome small
plantations may be tolerated especial
at the edge of an area, if they are the
only detracting feature and of limited
effect on wildness.

Older features (fences, bridges, stalki
tracks, or small buildiny®may be
present, if not intrusive overall.
Archaeological features (normally a
light imprint on the land) will
contribute to vis
the continuity of human use ohese
areas. Some intrusive features (say
vehicular tracks which partly penetrat
into an area) may be tolerated, where
their effects are limited, and where
excluding such land would reject an
area of high intrinsic quality.

The cumulative effects of the econom
uses of the land shadiinot be
intrusive. Evidence of muirburn or
over-grazinghabitat management,
footpath deterioration and erosion, or
the effects of the use of offroad
vehicles may be visible. But the effect
of any one of these activities, or their
cumulative expressioshould not beof
a scale or intensity so as to significan
devalue visitors©é

Different kinds of terrain can offer an
inspiring or challenging experience fo
people but, in the main, it is those
landscapes which are of arrasii
character (by virtue of the scale and
form of the terrain) which are most
valued for their wildness.

Distance is not an absolute guide on i
own, but most of the wild land



Limited accessibility, either by
scale of the area, difficulty in
passage, or the lack of easy
access, say by vehicular tracks,
bridges, or by boat.

Extent of area An area of land sufficient to
engender a sense of remotenes:
to provide those who visit them
with physical challenge; and to
allow for separation from more
intensive human activities.

resource will lie in the remaining
remote areas, as defined by distance
from private and public rads and
other artefacts.

Smaller areas of land of higtirinsic
merit or inaccessibility can hold the
qualities which underpin a sense of
wildness, say an inaccessible rocky
gorge, and the same applies to some
small uninhabited islands, or stretche:
of isolated coast.

(2.4) The datasets and methods trare used to map these four attributes are described
in detail in section 4 of this report, but briefly these are defined here as:

1 Perceived naturalness of land covethe extent to which land management, or lack
of, creates a pattern of vegetation arahtl cover whichappearsatural to the casual

observer.

1 Absence of modern human artefaéshe lack of obvious artificial forms or
structures within the visible landscape, including roads, railways, pylonsdged
plantation forestry, buildings andhar built structures.

1 Rugged and challenging nature of the terfathe physical characteristics of the

landscape including effects of steep and rough terrain and harsh weather conditions

often found at higher altitudes.

1 Remotenes® the remoteness of inacessibility of the landscape based on time taken

to walk from the nearest point of mechanised access.

11



3. Developing a wildness model

(3.1) Maps of the four attributes of wildnesas ddined by SNH (2002)an be combined

to produce a series of wildnesnaps for the CNP using the MCE and fuzzy methods
developed and used in previous studies (e.g. Cat@91 Carver, 1996; Fritz et al., 2000;
Carver et al., 2002; Carver, 2005; Carver, 2007). MCE methods allow the combination of
predefined and standass#id attribute layers (criteria) describing the relative merits of a
particular solution or location using a set of usggfined weights to describe the relative
importance or priorities assigned to each input layer. This process is illustrated as a flow
chart in Figure 3.1.

Human
features

Land
cover

< Reclassify

Naturalness

i)

i)

‘Remoteness\ ‘ Ruggedness \
A

A 4

ol

Weights

y

Wildness
map

Figure 3.1 Flow chart showing how the data are parameterised by weights and combined
to generate a wildness map

3.1 GIS-based MCE model

(3.2) The model illustrated in Figure 3.1 needs to be populated by attribute maps derived
from raw data and a set of weights reflecting the relative importance of the attributes in
defining the overall wildness map. The attribute maps are prepared from the interpretation

12



of raw spatial data such that they represent the components ofne#d derivd from SNH
policy with some additional inputs frothe public perception survey. These are described in
detail in section 4. Attribute weights can be defined either numerically (e.g. Carver et al.,
2002) or using fuzzy methods (e.g. Fritz et al., 20003. Wéights allocated to each of the
attribute maps are defineah consultation with the Steering Growgnd from selected tables
from the perception surveySeveral different wildness maps are produced as part of this
study using MCE and fuzzy methods tdeef the different viewpoints shown in the results
of the perception study and discussions within the steering group. A wildness map that
combines each of the four attribute maps using equal weights is produced and used as a
benchmark. These wildness mapdicate the perceived wildness using a continuous scale
rather than discrete areas. An example is shown in Figure 3.2.

Legend

MCE equal weighting
Wildness

LR
[
A Settlement
—— Railway
River
Major road
- Loch
A 0051 2 3 4
e — e Kilometers © Crown copyright. All rights reserved Caimgorms National Park Authority 100040965, 2008.

Figure 3.2 Example wildness map for tl@airngormsNational Park

(3.3) Care needs to be taken during this process to ensure thatinput attribute maps

do not exhibit a high degree of spatial correlation such that one particular theme does not
dominate the results. For example, it is conceivable that the remoteness and ruggedness
might be closely correlated in the core mountaireas away from the main valley routes.
Statistical checks are performed to make sure attribute maps are not correlated and to flag
up any possible problem areas where spatial correlations are found to(sgistsection

4.5).
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(3.5) All map layers neetb be standardised (normalised) onto a common relative scale to
enable cross comparison. For example, remoteness and perceived naturalness are measured
using time (seconds) and nominal naturalness class, and so cannot be directly cénpared

addition,tte 6 pol aritydé6 of individual map | ayers n
values in the standardi sed maps are deemed t
and | ower values are O6worsed6 (i . eedtoithedi cati v

map layers are defined on the basis of discussions with memb#re pfoject Seering

Group and from interpretation okelected tables frorthe perception survey. These are

then applied within a simple Weighted Linear CombinatiiCE model whin the GIS.
Alternative wildness maps are created to demonstrate the influence of different weighting
schemes on the results. These alternative weighting schemes and resulting wildness maps
are described in section 5.

3.2 Derivation of model weights

(36) The results from Gl$®ased MCE models are highly sensitive to the weights applied
to the input attribute maps, so care needs to be taken in the definition of appropriate
weighting schemes. Work by Comber has shown that different approaches to cammbini
evidence from perception surveys will result in different outputs, in this case represented
within the attribute maps (Comber et aR004 2006, 2007). This work has also shown that
the different approaches for evidence combination such as fuzzyemtythDempster

Shafer, Bayesian probability and endorsement theory are underpinned by different
assumptiongsee section 6.4)As different approaches result in different mapped outputs,
which may themselves be used as the basis for further decision mtiengmaps need to be
defensible despite their highly relative (as opposed to absolute) nature. Therefore, the work
described here seeks to match the priorities of the CNPA with appropriate evidence
combination methodd-dowever, MCE methods are used thrdugut the main body of the
report since these are the established method of choice when combining wildness attribute
maps with weights describing their relative importance in the manner described (Lesslie,
1993; Carver, 1996; Fritz et al., 2000; Carver bt 2002; Sanderson et al., 200)this

work three sets of weightings were used to generate overall measures of wildness in order
to capture some of this variation as described below.

3.2.1 The perception survey

(3.7) The perception survey carried ban behalf of SNH surveyed a representative
sample of just over 1300 Scottish residents using-tadace interview techniques. Of this

2 standardisation of the attribute maps is achieved here using a lirssadirey of the input values onto €256
scale on an equal interval basis.
® Weighted Linear Combination is simply based on the sum of the weighted stiardanap layers as
i=n
follows: §j = a (Winj) where S = suitability of the choice alternative (site or grid cell), W = criterion
ij
weights, X = standardised criterion score, '<foice alternative, j Fjcriteria.

14



sample, 300 people were residents of the CNP, while another 1,004 people were

interviewed across the rest of Scotlan@he interviews lasted around 18 minutes and

covered topics investigating peopleds partic
places, knowledge of wild areas in Scotland and wild areas in the CNP in particular, and
implications for and threa to wild places. The results from the survey were divided into

Scottish and CNP residents and analysed separately. In general, the two groups showed

similar responses, with a strong support for the conservation of wild land in Scotland. Other

key findigs include:

TThe perception that wild places are an inm
heritage and important for tourism;

1 Around one in two residents thought that wild places were under threat from
development, with around 3 out of five people thingithat action is required to
preserve wild areas through, for example, more stringent planning controls;

1 Most people have a well established notion of what constitutes wildness with over
75% of respondents mentioning features which can be attributeditoralness of
land cover, although this is not limited to one particular landscape type with
woodland, forest, mountains, hills, lochs and moorland all featuring highly as wild
places;

1 Key threats and detractors mentioned include modern human artefacts asic
buildings, masts and turbines, with fewer people mentioning plantation forestry, old
buildings and footpaths as being significant;

1 A wide selection of areas are perceived as being wild by respondents, with many
people referring to the Highlands, the &8tern Isles and Northern Isles; and

1 Most people perceived the CNP as wild, with emphasis on mountain tops and
moorland as the wildest areas of the park.

The analysis of Scottish versus CNP residents revealed some interesting differences
between the two goups. In particular the report notes that of the perceived threats to wild
land in Scotland, masts and wind turbines were more of an issue to CNP residents. CNP
residents also have a much tighter definition of wild areas than Scottish residents and are
clearly much more aware of the status of the CNP as containing important areas of wild
land.

(3.8) Despite much of the positive evidence about perceptions and attitudes toward wild
land contained in the perception survey reportuain of the specificdata in the survey
resultswas found to be of littlgoracticaluse to the projectthough it does clearly constitute

an important source of background information on public perception of wildness in the
Scottish countrysideSpecifically:

15



1 many of the questionwere poorly specified in relation to the spatial aspects of the
current project;

1 the images used for ratings of wild images (section 3.2.3) in the perception survey
heavily steered the respondent with the presence of livestock and people, ignoring
establshed methods for statistically anafygpublic perceptions of landscapes (for
example see Habron, 1998 as an approach for quantifying responses to the content
recorded in images);

1 the questions used to parameterise publating of the impact of featuresn wild
placeswere poorly constructed. For example the questions used to parameterise
public rating of the impact of features on wild placésection 3.2.5) e.g.OWhat
i mpact do the features have on a wild are

(3.9) As a consequenagrany of the reslts of the perception survey were contradictory,
making it difficult to identify a consistembice. Notably some results indicated that certain
features were important contributors to wildness, whilst others did not and emphasised
different landscape &ures as being important. As an example of this confusion compare
the results as presented in Table 7 and Table 9 of the perception sukiyist not
intended, éw of the results were in a format that would support their direct incorporation
into establshed wildness mapping methods as developed by Lesslie (1993) and Carver
(1996). For example, the surveld not collect scores of the attributes of wildness (such as
the components of naturalness) in a way that reflected their relative importance in
determining whether an area is wild or noBecause of these issues it was decided explore
different weightings to rénterpret the data in the perception survey in order to generate
example weights for the model based thmee sources as follows:

1 the perception survey commissioneoly SNH

1 an alternative analysis of this data by the contractersd
1 the perceptions of key staff at the CNP and SNH

(3.10) The perception survey did capture information on the relative importance of the 4
components of wildnesdable 3.1 shows the results for the two groups of respondents.
Interestingly, both groups have weighted the components similarly with Naturalness having a
much higher score (although this could be related to respondents having greater familiarity
and unerstanding of the term).

16



Table 3.1 The different scored used as weightings for the data contributing to wildness
Table 8 from the Perception SurveYCategorisation of features or characteristics which
make an area wild? (66)

Scotland CNP
Naturaness 75 75
Remoteness 32 36
Lack of Modern Artefacts 16 16
Ruggedness 5 5
Base 806 222

3.2.2 Contractor derived weights

(3.10) The perception survey did not present clear information on the relative importance
of manmade structures in the largigpe that have a negative impact on wildness@sti
parameters for the visual impaahalysis in order to generate the lack of modern human
artefacts layer. The contractors interpreted these from the information described in Figure
10 in the perception srvey (What features or characteristics reduce the wildness of an area
(total, after prompting)? Base: all respondents (1004 / 300) p16). These were used to weight
features in thevisual impacanalysis in order to generate the lack of modern human

artefads data layer, specifically to identify the weights for buildings, roads and tracks, pylons
and turbines in the calculation of this layer and are shown in Table 3.2. Upper and lower
bounds were identified from the categories in Figure 10 of the perceiomey: for

buildings these weréModern BuildingsanddLots of Buildingsand forroads and tracks

these weredRoad® anddFootpath®. The upper and lower bounds provide an indication of
the reliability and confidences: the closer they are the greaterdértainty and belief in

either figure.

Table 3.2 Weights for the different visible landscapatigres used in calculating the lack of
modern human aefacts data layer derived from Figure 10 in the Perception Survey

Scotland CNP

Upper (Lower)  Upper (Lower)
Buildings 71 (65) 80 (73)
Roads / Tracks 61 (14) 69 (19)
Pylons 34 50
Turbines 31 44

17



(3.11) The contractors were concerned that the perception survey did not summarise the
different features that contributed to each of the components (himensions) of wildness.
Therefore they interpreted the features identified in Table 7 of the perception sufgey

the qulestyouwmr 0opinion, what featur dseachr char
of the wildness components. Table 3sBows tle relationship between different landscape

features and the four dimensions of wildness for the 2 groups. These were then used to
provide relative weights for the different layers

Table 3.3 The components of wildness supported by the unprompted desonmgtin the
perception survey Table @n your opinion, what features or characteristics make an area
wildd

2 2 § 5 3 Z
2 T = o 3 Q
o oS = =1 )
a 3 < 3 =1
o ® ®
® 7] 7]

Wildlife 31 27 X

Forests / woods / trees 28 19 X

Hills / mountains / glens 24 31 X

Open space 18 13 X

Few people / lack of human interferent 16 26 X

Grassland / greenery / moorland 12 6 X

Untouched / unspoiled 11 13 X X

Fauna / flora 10 10 X

Lochs 8 8 X

Scenery / natural beauty 7 15 X X

Remote area 7 10 X

No buildings / urbanisation 7 7 X

Countryside 6 5

Rivers / waterfalls 5 7 X

No traffic 4 1 X

No roads 4 3 X

Quiet 3 2 X

Sea / coastline 3 2 X

Fresh air 1 1

No footpaths 1 1 X

18



3.2.3Equal weightings strategy

(3.12) The third weightings option was to weight all of the components of wildness
equally. There are a number of reasons for doing thisstly, under the assumption of equal
saliene, where all four components ardeemed to be equigl as important a each otherijt
providesanobjective unbiased approach. Secignthe data from the perception survey had

to be interpreted in order to be used: even the nominally straightforward results shown in
Table 3.1 show cognition bias where unfamiliar termslass well supported than familiar
ones by the respondents. Using equal weights avoidsstue of the survey providing

answers to different question to those required by this wolkalso avoids the problesn
surrounding contractor interpretation of theusvey resultssuch as being able to test

whether contractor assumptions and interpretations are correct. Hence the Steering Group
opted for equal weighting for the overall wildness map as reliable evidence to underpin a
different weighting scheme was rmtailable. These also provide a set of baseline weightings
for considering different evidence combination methods.

3.24 Summary

(3.13) The perception survey provided overall weights for the 4 components of wildness:
perceived maturalnessof land cover remoteness, lack of adern human @#efacts ad
rugged and challenging nature of the terraline contractors interpreted the perception
survey data in order to provide weights for the features modelled in the Lack of Modern
Artefacts layer. The contracts also derived weights for all layers based on their
understanding of the problem from a single table in the perception survey.

3.3 Wildness modelling tools

(3.14) A number of tools are provided along with the final attribute maps and results of
the wildness analyses. These include:

1 a normalisation tool for adjusting the values in the attribute maps onto a common
scale;

1 aweighted linear summation model; and
1 an ordered weighted averaging model.

These are described in detail below.

3.3.1 Normalisatioriool

(3.15) This tool allows the user to adjust the values of any given attribute map. In the
attribute maps used here it is assumed that for some of them there is a linear increase of
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values. Such a linear behaviour might be appropriate and percesveke possible way of
creating a normalised attribute map for use in the Mi@ised wildness model. However,

some people might perceive that, at a certain point, wildness values will increase very little
or there is a certain threshold above which wildnesgues do not change at all. For

example, when looking at the remoteness attribute map, there might be a certain walking
time threshold beyond which people perceive that they are in a wild land setting and walking
any further away beyond this time threddawill have little or no influence on their

perception of wildness. Alternatively, if it is assumed that the relationship between walking
time and remoteness is linear, then a doubling of the walking time means doubling of
remoteness and hence a similayubling of this attributes influence on the overall wild land
values. However, having for example walked away from a car park more than three versus
six hours might not have the same relative impact as having walked away from this car park
for one versuswo hours. As there are exponential decay functions applied in the visibility
analysis a similar behaviour might exists for remoteness (see section 4.2).

(3.16) Normalisation tools are therefore provided (see Figure 3.3) which allow certain
adjustmentsa the attribute maps to be made using a suite of functions. In particular, the
logarithmic functions allowou to adjust a linear attribute map to an attribute map where,

for example, the increase is initially quasi linear and then flattens out (see Bigure
Moreover, the normalisation tool allows users to define a threshold at which the maximum
value has been reached. This possibility enables the definition of a wildness topology to be
integrated at a later stage (see section 6.2). With the normatisdtiols applied, the

current attribute maps can be used in the MCE wildness tools and further refinements and
adjustments can be made. The normalisation tool is shown in Figure 3.3. The threshold
value indicated in the tool is optional and does not havéé¢ defined.

£ Mormalization Tool =]
j‘ @ Help E
» Raster to normalize
| Qutput Raster
Oukput Raster input the name of the
| output raster
Mormilization method
|ERP [~
Threshald Yalue {optional)
=
Ok I Cancel | Environments... | << Hide Help I _I

Figure 3.3 The normalisation tool interface
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Figure 3.4 Example normalisation functions

3.3.2 Linear Summation model

(3.17) This tool allows for the weighting of the different attribute maps in order to be able
to give those maps aigher weight which are perceived to have a stronger impact on the
overall wildness quality. Since it is up to the individual to decide which attribute for them is
most important, a wide range of different wild land maps can be created. The four attributes
of remoteness, apparent naturalness, ruggedness and the map of absence of modern
artefacts can be weighted according to @éimdividual perception. Figure 3.5 shows the
weighted linear summation interface.

£ simple Linear Summation Model [_ O]
:l‘ Hel IZI
% input raster 1 @ b
- . .
| Simple Linear
) Summation Model
- th 1
inpuk raster Z {optional)
[
#ht Z (optional)
input raster 3 {optional)
[
weight 3 {optional)
input raster 4 {optional)
[
weight 4 (optional)
g output raster

-

Ok I Cancel | Environments...l << Hide Help

Figure 3.5 Weighted linear summation interfac
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3.3.3 Ordered weighted average (Fuzzy operator)

(3.18) This tool is an extension of the linear summation model and adds an additional
component. Since the linear summation model assumes that attribute maps should be
combined in a linear way this tballows for the combination of AND and ORNESS of
different attributes. Just ORNESS would use the OR operator and combine the wild land
maps in such a way that onlyetipixel value of thenap which has the strongest impact is
used. In catrast the AND operator usesall attributes and gives them equal weights. In
some circumstances for example the OR operator can be more appropriate. Take the
example of a major development in a very remote area which is natural as well as rugged.
Having a wind farm at the poof the Cairngorm plateau might be perceived as having such a
strong impact on the overall wild land quality that it cannot be compensated by the high
remoteness, ruggedness and perceived naturalness velyasiless of its locatiohe tool
allows users to take such a potential perception into account. The way the tool works is
illustrated in Figure 3.6.

Auribuve maps  Membership Score maps Ordered weights CHatput raps
functions
iy Mer TR e Tosd

Figure 3.6 lllustration of the Fuzzy Ordered Weighted Average Operator

(3.19) Weights given (see Figure 3.7) determine the degree of AND and ORNESS. The
weights in contrary to the linear summation model do not relate to the factor maps but are
applied acording to the rules determined by ordered weighted average operdtarther
information on the installation and operation of these tools is given in Appendix 1.
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£ ordered weighted average

Q Input Raster 1

| VARIABLE 12|

& ‘Weight 1

M

& Input Raster 2

@ ‘Weight 2

M

Input Raster 3 {optional)

‘Weight 3 (optional)

Input Raster 4 {optional)

‘weigth 4 {optional)

& Qukpuk Rasker

o]

Cancel I Environments...l << Hide Help

|

I[=1 B3

Input Raster 1

Mo description available

@ Help E

Figure 3.7 Ordered weighted aveage interface
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4. Attribute maps

(4.1) The four attributes of wildness as defined by SNH (2002) are mapped using a
combination of readily available datasets and the latesb&48d techniques. These

attribute maps are produced for the CNP area and a buffer zone of 15km. This buffer zone
is required to ensurehat there are no edge effects arising from visible human features and
points of access immediately outside the park boundary. These are described,in turn
together with the data used, method of mapping and associated caveats/assumptions used.

4.1 Perceived naturalness of land cover

(4.2) Perceived naturalness of land cover is described here as the extent to which land
management, or lack @f creates a pattern of vegetation and land cover wlappears

natural to the casual observer. Perceptions of wids are in part related to evidence of

land management activities such as fencing, plantation forestry and stockingsated as
presence of natural or neamatural vegetation patterns. Here a combination of datasets are
brought together to best destbe perceived naturalness in the CNP. These include the Land
Cover Map 2000 (LCM2000), Land Cover of Scotland 1288588) and Highland

Birchwoods Woodlandriventory (1999)

4.1.1 Data sources

(4.3) Aspects of land management are identifiable frononat land cover datasets such

as the Land Cover Map 2000 (LCM2000) and Land Cover of Scotland 1988 (LCS88). These
datasets are available from the Centre for Ecology and Hydrology (CEH) and Macaulay
Institute, respectively. While neither dataset directhptures the exact land features

needed by this study (i.e. those that relate and contribute specifically to wildness such as
naturalness) the distribution, presence and absence of features related to wildness can often
be inferred from their classes whehe datasets are combined. In areas where there is high
internal variation within land cover classes then other thematic datasets may be used to
provide more detailed information (e.g. woodland and forestry).

(4.4) Previous work by Carver (2005, 2007as based naturalness of land cover on a
reclassification of the LCM2000, and the earlier LCM1990 product, into a smaller number of
naturalness classes (see Appendix&upplementary information derived from other

sources such as the Highland Birchwodils odland Inventoryand Ordnance Survey (OS)

map products has been used to refine these naturalness classes as required (e.g. by
distinguishing between planted and seiural woodland or natural and artificially

impounded water, respectivelyJhese classesere reviewed and agreed by the Steering

Group using the relevant sections of the perception survey as a glidenaturalness

classes used here are shown in table 4.1 and examples of the raw land cover data are shown
in Figure 4.with alternativesused in Figure 4.4jiven in brackets
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Table 4.1 Definingnaturalness class

Broad Habitat  Description Mapped Level2  Naturalness
value code class
Broadeaved All broadeaved woodland including mixed and yew wood 3000 l.1a 5
woodland Many woodlands are below the 0.5ha minimum mappabl 2000 1.1b 4
of the LCM2000 are so arelexled. This has been split intc 1000 1l.1c 3

seminatural (1.1a), mixed sematural/planted (1.1b) and
planted woodland (1.1c) using the Highland Birchwood
inventory data.

Coniferous All coniferous woodland. Genetatited in larger blocks anc 3000 2.1a 5

woodland so are better defined. This has been split irtaserai (2.1a) 1000 2.1b 3
and plantation forest using the SSNW and Highland Bircl
data (2.1b)

Arable and All cropped lands including cerep$cvegetables, ley pastu 41, 42, 41 42 2

horticultural and setside. 43 4.3

Improved grass Any grassland that has continuous attempts at improven 51 5.1 2
including drainage, ploughing, reseeding, fertiliser applic:

Neutral grass  Any sermiaural grassland on neutral soils/rocks. Some 61 6.1 3
improvement may be present.

Calcareous gras Any semiatural grassland on calcareous soils/rocks. Son 71 7.1 3
improvement may be present.

Acid grass Any semmatural grassland on acid soils/roekerély not 81 8.1 4
improved.

Bracken Areas recorded as bracken. 91 9.1 4

Dwarf shrub Vegetation dominated by dwarf shrubs (heather, bilberry. 101 10.1a 4 (5)

heath etc.). Two level 2 classes are distinguished: dense (10.1: 102 10.2a 4 (5)
open (10.2abut both are consied of equal naturalness.

Fen, marsh and Areas characterised by vegetation types found on perma 111 11.1 4

swamp seasonally or periodically waterlogged soils.

Bog Areas of heath or moor vegetation with peatgteptbr than 121 12.1 5
0.5m as defined by BGS.

Standing Includes all areas of inland water greater than 0.5ha mini 131 13.1a 5

water/canals mappable unit. This has been split here into natural wate 13.1b 3

(rivers, lakes, streams) (13.1a) and artificially impouteded
(reservoirs) (13.1b) using OS MasterMap data.

Montane All vegetated areas at altitudes greater than 600m 151 15.1 5

Habitats

Inland rock Includes mainly sematural bare rock surfaces, but also 161 16.1 5
6despoil edd areas such as

Built up areas  Buildings and open spaces in the built landscape greater 171 17.1 1

and gardens ~ 0.5ha. 172 17.2 1

The naturalness classes given in brackethagberalternatives used in the exploration of the effects of
alternativeclassificatios of habitat typeshown in Figre 4.4

(4.5) LCS88 dataset is an alternative to using the LCM2000 and supplementary datasets. It
has the advantage of beingsbd on air photo interpretation at a scale of 1:25,000 to derive
126 land cover classes (as opposed to the 27 level 2 or 72 level 3 classes in the LCM2000
data) which are customised for the Scottish landscape and provide better resolution and a
wider rangeof subclasses in upland areas. The LCS88 is, however, nearly 20 years old and
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S0 needs updating. Whereas it might be assumed that the land cover in many of the core

wilder areas of the CNP will have changed little over the last two decades, there wdl ha

been significant changes around the edges due to land management. For example, changes

will have occurred through forestry activities (planting and felling), agriculture, urbanisation

and development of infrastructure. Land use management of uplansl @.gathrough

muirburn and construction of hill tracks) and impacts on natural processes (e.g. woodland
decline/regeneration or floodplain migration) will also have resulted in noticeable changes

that will depart from the LCS88. The LCS88 therefore ngeéal be used with care. This is

backed up through comparison with recent aerial imagery and base maps that shows some

areas of significant departure from contemporary land use patterns. Of particular concern

to the current work is the ability to distingumsbetween managed and nomanaged heather

moorl and. Areas differentiated as containing
management purposes appear to depart significantly from the pattern of muirburn as seen

from aerial imagery. This is likely to beth a function of the age of the LCS88 daiad

they way it was interpreted from aerial photographs and the impossibility of including every

patch of muirburn in the resulting polygon nétn example is shown in Figure 4.2. For this
reason no differentiation s made i n the analysis of percei\
and -booneddé as the data from the LCS88 is co
For this reason, all areas of heather moorland from the LCM2000 are placed into

naturalness classas it is safest to assume that some level of management either through

burning or drainage may be present or have been carried out in the pagher research

needs to be carried out into ways in which muirburn can be incorporated into the perceived
natualness attribute map (see section 6.1).

(4.6) A similar difficulty occurs with distinguishing degrees of management in the improved
grassland classes represented in the LCM2000 data. Classes 6.1 and 7.1 in the LCM2000
data mostly refer to improved gissland in the straths, but also appear as small enclaves of
improved grassland in the hills such as in the Lairig Ghru and elsewhere. Classifying
improved grassland with a naturalness of 3 is an accurate representation of its naturalness in
the straths lut is perhaps not the best description to grassland in the hills. Again, further
research needs to be undertaken into how levels of grassland management can be
incorporated into the perceived naturalness map.
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Legend

LCs88

DOMTEXT

:] Blanket bog/peatland veg.: erosion no trees
- Blanket bog/peatland veg.: no erosion no trees
- Cliffs (area)

[:| Coniferous (plantation - area)

I o1y heather moor: no rock burning no trees
I:] Dry heather moor: no rock no burning no trees
- Dry heather moor: no rock no burning trees
- Dry heather moor: rock no burning no trees
:] Montane veg.: undiff. montane non-rocky
[:] Montane veg.: undiff. montane rocky

- Smooth grass/rushes: no rock no trees

[ Undif. Nardus/Molinia: no rock no trees

[:] Undif. heather moor: no rock burning no trees
- Undif. heather moor: no rock no burning no trees
- Undiff. broadleaf (area)

- Undiff. mixed woodland (area)

[ Undiff. smooth grass.: no rock no trees

- Undiff. smooth grass.: rock no trees

- Water (area)

N | Cr |
0_ 05_ 1 2 3 4

Kilometers

(@

0 0.5 1 2 3 4

(b)

Figure 4.1 Example land cover datts
(a) Land Cover of Scotland 88 and (b) Land Cover Map 2000
Copyright Macaulay Institute and Centre for Ecology and Hydrology

27



Legend

11_7] LCS88 sub-dominant no burning

[ | LCS88 dominant no burning

LCS88 dominant with burning

LCS88 sub-dominant with burning

Kilometers

Figure 4.2 Problems in extractinghuirburn from land cover data
Copyright Macaulay Institute

4.1.2 Method

(4.7) A combinationof the LCM2000, LCS88 and Highlands Birchwo@ébodland
Inventorydata is used to create a composite land cover map at a nominal resolution of 25m
which is then reclassified into 5 naturalness classes shown in Table 4.1. To account for the
influence thathe pattern of land cover in the area immediately adjacent to the target
location has upon perceived naturalness of a certain grid cell the following method was
applied to each location using a 250m radius neighbourhood filter:

A separate map layer is cited for each the five naturalness classes shown in Table 4.1

where a value of 1 is given to cells containing land cover of that naturalness score and a zero
for the rest of the cells. These five layers are then used to calculate the percentage area
each nguralness class occupies with a 250m radius of the target cell. These percentage areas
are then multiplied by their naturalness score and summed. This value is then assigned to the
target cell to represent the overall naturalness score for that locati@ge=effects are

avoided by calculating perceived naturalness up to 15km outside the CNP boundary and
clipping the resulting data using the park boundary for use in subsequent analysis.
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The resulting attribute map is shown in Figure 4.3 below.

Legend

Perceived naturalness of land cover
Value

-
.

A Settlement

—— Railway

River

Major road

B Loch

A 0 25 5 10 15 20
- Ki © Crown copyright. All rights reserved Cairngorms National Park Authority 100040965, 2008.

Figure 4.3 Pereived naturalness of land cover

4.1.3 Caveats and assumptions

(4.8) The LCM2000 data is known to suffer from misclassification errors at a local scale
on a celby-cell basis. This is described by Fuller et al. (2002). However, the dataset is
considered here to be the best available basis for developing indicators of naturalness for
landscape scale studies. The reclassification of the LCM2000 level 2 classes into 5
naturalness classes from natural/seraiural to urban is based on the subjectieading of

the class descriptions given by the CEH (Fuller et al., 2002). There will be differing levels of
naturalness within LCM2000 land cover classes due to differing levels of management (e.g.
presence of muirburn on heather moorland as described abosection 4.1.1) or

topological relationships with other land classes (e.g. small patches of natursl&tarai
vegetation surrounded by intensively managed land) that are not accounted for within the
data descriptions. These are incorporated withie fherceived naturalness map through the
inclusion of additional information from tHeCS88 and Highland Birchwoods Woodland
Inventory wherever possible as described in Table 4.1. The perceived naturalness map used
here is quite generaliseghd contains vaous anomaliesbut is felt to adequately represent

this attribute at the landscape scafan alternative interpretation is to consider that all areas
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classified as heather moorland in the LCM2000 are perceived as natural by most casual
observers and recksify these with a naturalness class of 5. This is shown in Figure 4.4.

Legend

Perceived naturalness of land cover
Value

R
M.
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Major road

. Lo

A 025 5 10 15 20
- Kil © Crown copyright. All rights reserved Caimgorms National Park Authority 100040965, 2008.

Figure 4.4 Alternative perceived naturalness (with heather moorland as class 5)

4.2 Absence of modern artefacts

(4.9) Absence of modern human artefacts is considered here ferre the lack of

obvious artificial forms or structures within the \ng landscape, including roads, vehicle
tracks,railways, pylons, harédged plantation forestry, buildings and other built structures.
The choice of which human features to includsénis driven largely by what is understood

to act as a wild land detractor based on SNH wild land policy (SNH, 2002), relevant sections
of the perception survey and what data is availaBlesvious work on the effects of human
artefacts on perceptions afildness carried out at national to global scales has tended to
focus on simple distance measures (Lesslie, 1993; Carver, 1996; Sanderson et al., 2002).
More recent work has used measures of visibility of human artefacts in 3D landscapes
described usingigital terrain models (Fritz et al., 2000; Carver and Wrightham, 2003). This
is feasible at the landscape scale utilising viewshed algorithms and land cover datasets to
calculate the area from which a given artefact can be*s&%ork by Carver (2005 and

*Viewshed algorithms are used wiaulate where a particular feature, say building or mast, can be seen from
by a person standing anywhere in the landscape using digital terrain models. These algorithms calaflate line
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2007) for the North Pennine and Nidderdale AONBSs has utilised cumulative and distance
weighted viewshed algorithms to give a more accurate impression of the spatial pattern of

the i mpacts of visible human artedn@cts on pe
deci sions about suitable areas for regenerat
intervening land cover that may shield artefacts from view) are included using terrain offsets
calculated from a reclassification of the LCM2000 data intoicarheights which are then

added to the terrain surface. A similar approach to that used for the North Pennine and
Nidderdale AONBs is adopted herbéased on inputs from the perception study about

which artefacts are deemed to have an impact on wildritegether with more detailed

terrain data and a digital surface model (DSM) fildra x t M aapdf& novel and rapid

viewshed assessment method developed for the project.

4.2.1 Data sources

(4.10) Visibility analysis and viewshed calculationsrelydne abi | i t y-oft o cal ct
sightdo from one poi nt r. lbhasbeenshewnrthatithe aceutacyfofa c e t
viewsheds produced in GIS is strongly dependent on the accuracy of the terrain model used

and the inclusion of intervening features (Db
analysis (Fisher, 1993hd& terrain data used here is tié e x t M a&m résolution digital

surface model (DSM) and derived digital elevation model (DEM). This data is derived from
airborne RADAR imagery and is accurate to with £1m. The DSM data provides the height

of the surface detected, including the height odildings, woodland, hedges, etc., thus
providing a terrain surface that includes o0t
viewshed analyseSubtracting the DEM from the DSM layer provides an indication of

where these differences lidhe orthorectified RADAR imagery (ORI) is also provided and

is useful for visualisation purposes.

(4.11) Modem human artefacts are extracted from t
baseline digital map data. These are divided into a number of discrete classes as follows:

Railway lines, roads and tracks
Buildings

Pylons (including power line supports)
Plantation forets

Ski lifts

= =2 4 -4 -4 -3

Wind turbines

sight between the viewer and the feature being observed, andiqulgatthose areas where lhoé-sight is
interrupted by intervening higher ground.
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Examples of th&l e x t M aDSMDEM, difference majand ORI are shown in Figure 4.5
while example features extracted from
artefacts are shown in Figure 4.6

Legend

Digital Surface Model (DSM)
Metres above sealevel
High : 561.2

. Low :121.94

0 187.5 375 750 1,125 1,500
(a\ —— Meters
J

Legend
. |

Difference between DSM and DEM %
Metres

High : 30.6174

Low : -10.6094

N
0 187.5 375 750 1,125 1.59?‘
(b)
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Legend

Orthorectified image
Value
High : 255

Low: 0

0 187.5 375 750 1125 1,500
(C) — Meters
Figure 4.5 ExampleN e x t M adatd
(a) DSM, (b) difference map, (c) Orthorectified image

Legend

I suildings

I Flanted woodland

-Pylons

- Roads/Tracks

Figure 46 Exampl e modern human artefacts
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4.2.2 Method

(4.13) The use of visibility analyses in GIS that incorporate both a DSM and featiare d
showing the location and pattern of modern human artefacts allows the creation of
cumulative viewsheds that can be weighted according to artefact type and distance. These
can be combined and used to describe the attribute layer showing the relatactseff
associated with the presence and absence of human artefapislveightswere applied

for each artefact typdasedon discussions with the Steering@up. These are applied in

the cumul ative weighted vi ewsheddetamindtiendo!| ogy
of thresholds of visual impact,andtBeNH r eport on oO0Vi sual Assess

Best Practice" (SNH, 2002), weused to help define the limits of viewsheds and the
distance decay function used.

(4.14) Viewshed analyses such asdb are extremely costly in terms of computer
processing time. Detailed analyses can take weeks, months or even years to process
depending on the number of human artefacts included in the database. It is usual to reduce
processing times by generalising #réefact database by aggregating the number of human
features in a cell of a given size. Work by Carver (2005 and 2007) used cell sizes of
500x500m and 250x250m, respectively. Recent work by Washtell (2007) has shown that it
is possible to both dramatittg decrease the processing times required for G#sed

viewshed analyses and improve their overall accuracy, through judicious use of-a voxel
based landscape model and a highly optimisedaating algorithm.

(4.15) While studies exist comparing tredvantages of various optimised viewshed
algorithms in their own right (Kaulil and
percolated through into proprietary GIS packages. It is not clear whether the relative lack of
sophistication of viewshed alyses sought within the Environmental Sciences (usually
restricted to calculating the visibility of a handful of point features), owes itself to limitations
in the pervading software, or whether the reverse is true. However, researchers in the
domain havdor some time been pushing the capabilities of the available tdotsexample,

by refining workflows for producing cumulative viewsheds (Wheatley, 1995).

(4.16) The algorithm used herein, which is similar to those used intiea rendering
applicéions and in some computer games, was designed to perform hundreds of traditional
point viewshed operations per second. By incorporating this into a cudtioih software

tool which has been designed to work diréctvith GIS data (see Figure 3.1t is possible

to estimate the visibility between every pair of cells in a figgolution landscape model
utilising only moderate computing resources. In this way, features of interest are no longer
limited to a finite collection of points, but any set of feasmwhich can be described by a

Z a

GI'S data | ayer. This approach (called a o6vie

maturation of traditional cumulative viewshed techniques. It was chosen for this project
owing to the complexity of the surface and featurgdes involved and the importance of
applying methods that can realistically model the human perception of visual isolation in
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complex terrainFigure 4.&hows the voxel viewshed transform software interface with
both the feature layers loaded (Figure 4 'And with an example inverse square distance
weighted viewshed for a sileglOm high building (Figure 8)7

(4.17) This approach is therefore adopted here utilising the x t M ®$Meand feature
data extracted from the @&oMaster mapE dat a.

i calculate a viewshed for every single human artefact;
i incorporate estimates of the proportional area of each artefact that is visible; and
1 run separate viewshed calculations for each of the different categories of features

listed above and weiglihese when combining them to create the absence of human
artefacts attribute map

€ soromam oo T

@ Viewshed Explorer =)
Viewshed setup | Review Output | 1)Elevation | 2) Coverage | 3) Viewshed Transform | 4) Output |
istance function N . Distance function
Load Surface Data || 7' Distinct dasses (e.g. feature type) ( square (apparent area) Load Elevation Map | zoomi | zoomaut| | "o 2 WO
- 3| C A (e.g. number of individuals) € Linear (apparent height) Voxelwidth  Unitheight  Observer height | (" Linear (apparentheight) | Mndistance 2voxels
|’ Data ’I Aot o " - s |l | — —m—m /== | T IR ey

Level of detail Voxel width  Unit height Observer height  win distance

(none)
Less | more | [000 2] am |10 = o 75 = an  Maxdstance I—J (inf.)
Interactive preview
| ™ Viewport Only o%.

 None (actual area) Maxdstancel | | 380 voxels

[0 5] [0S [ S e
¥ /N

5 ~| Do Viewshed Transform

(b)=

Figure 4.7 The Viewshed Tool interface, witfa) sample stface and plantation forest
feature layer loadedyellow), and (b) showing example inverse square distarsighting for
a single 10m high builditacated in centre of map

(@)

(4.18) An inverse square distance function is used in calculating the significance of visible
cells. This function gives the relative area in the viewer's field of view that a celltorefea
occupies; its relationship to perceived visual intrusion is borne out by the studies previously
mentioned. This function is very sensitive to small changes in relative distance and in order
that the results of these visibility calculations can be apjated visually, a log scale is

applied such that in the extreme case where a feature fills the observer's field of view, the
maximum value is output, with each successive value thereafter repimegantorder of
magnitude less visual intrusion. As eveny small levels of visual intrusion are visible on

such a scale, it also serves very well to highlight areas which are in total shadow from all
visual features owing to the shape of the local landscape. Such areas of low or zero visual
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intrusion from mockrn human artefacts comprise a significant portion of the core areas of
the CNP. While occurring less frequently in the proximity of heavily modified areas (such as
settlements and the straths), small pockets entirely bereft of visual intrusion can ke foun
everywhere, owing to the general ruggedness of the terrain.

(4.19) Example outpgfrom the voxel viewshedransform are given in Figure 4.8 and.4.9
The completed absence of modern human artefacts attribute map created from the
combination of all oygut layers from the voxel viewshddansform is shown in Figure 4.10
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Figure 4.8 Example output showing detail in @re and (b) strath locations
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Figure 4.9 A completed viewshed analysis for a single tile of roads and tracks
(Greys indicate thevarying magnitudes of visual intrusion while the features themselves appear in white and
areas in black are totally shadowed from these features)
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Figure 4.10 Absence of modern human artefacts
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4.2.3 Caveats and assumptions

(4.20) This is the first ime this tool has been used on a project of this scale, and certain
compromises and customisations are necessary in order to make the task manageable.
These include:

1 The cell resolution in this instance was limited to 20m;

T A 0 p e s s i-sampsng wasahe to generate the 20m feature data in order to
guarantee that features smaller than this area were incfudét the result that the
viewsheds produced mdye viewed as realistic representation of the visual impact
of the artefacts present

1 The landsape was split into a number of overlapping tiles, such that they could be
worked on in parallel by a cluster of desktop computeasd

1 the maximum viewshed distance is 15km for all features
except wind turbines, where this is increased to 35km in line V@NH guidelines

An alternative attribute map for absence of modern human artefacts is shown in Figure
4.11 which also incorporates viewsheds from proposed as well as existing wind turbines.
It is noted that the difference between this and the versioniguFe 4.10 is only locally
significant. These areas can be seen in the difference map shown in Figure 4.12.

®Resampling of feature layers in GIS is normally carri
grid cell takes on the value of the largest feature by &t it contains. Using this rule, a 5x5m building in a

20x20m grid cell that was otherwise not classified as an artefact, say heather moor, would not be recorded on re
sampl i ng. Th esaipting sased heré apérates on apresence/abseresimsihat any grid cell

containing a human artefact will be classified as such even though the actually area or footprint of the artefact

may not cover the majority of the grid cell.
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Figure 4.11 Absence of modern human artefacts including proposed wind turbines

Figure 4.12 Areas affected by proposed wind turbines
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