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ABSTRACT

Impacts on landscape character and tools for thpastiof decision making in the Czech
Republic have always been important subjects insiiteere of landscape character and
visual/environmental assessment. Only one pubtinatbuld be found, however, that dealt
with the use of landscape indicators for evaluatiagdscape character in the Czech
Repubilic. In this study, we add to this by addmegshe issue of visual exposure.

In this project, we construct and compare two fiesalternatives for computing visual
exposure using GIS tools. The two alternativesediffh using a regular grid layer of
viewpoints or of viewpoints based on actual usdrefluented sites. The procedure was
verified using the model area of the Dolni Moravi@dphere Reserve. The version based
on most frequented sites produced a map with isexkareas of visual exposure. This
paper also goes on to suggest changes to the presguiations and other practical
applications of the method.
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INTRODUCTION

Both impacts on the character of landscapes arld foosupporting decision making in
the Czech Republic have long been important subjedthin the sphere of landscape
character and visual/environmental assessmenile litgrature exists on the subject in the
Czech Republic, however, and the authors coulddimlgt one paper that dealt with the use
of landscape indicators for evaluation of landscelperacter (Lipsky and Romportl 2006).
In this study, we add to this by addressing theass visual exposure.

The visual exposure of a landscape is a landsdagmcteristic that expresses its degree
of resistance to change (e.g. development, chamgdand use). There is a crucial
difference, however, between an area that is @sbld an area that is visually exposed, the
main difference being determined by the human fadtbe method for evaluating visual
exposure within a landscape is based on asses$grnignpact of a proposed project on the
character of that landscape. Today, geographicfrnmation system (GIS) tools are
commonly used to calculate visual exposure, esihyedia case studies for wind power
plants and antenna masts. Assessments of visualsesg can be used for preventive
evaluations. Preventive evaluations usually dedirset of precautions that help to prevent

67



Joalrof Landscape Ecology (2008)l: 1/ No. 2

irreparable damage to the environment in advaneeprbject, as opposed to the process of
causal evaluation, in which possible impacts oneheironment are assessed at the same
time as a project is undertaken.

We generally understand visual exposure to refethéd part of the landscape that is
exposed to the perception of most observers. Miseaposed areas that also happen to be
of particular scenic, historic or aesthetic value aspecially vulnerable to changes in
landscape character. A respect for the sensilgfithe landscape and an understanding of
its vulnerability is a core condition for the sustble development of an area.

In this paper, we describe a new method for assgs$sual exposure that will contribute
to the protection of those characteristics thattriloute to the scenic, historic or aesthetic
quality of the landscape.

This paper assesses whether the use of obseryatiots (actual viewpoints used by
people) or points chosen at random (some of whial be totally inaccessible to people)
are best suited to calculating visual exposure éase study area. The methods were tested
in the Dolni Morava Biosphere Reserve in South M@gFigure 1). Any improvement in
the method for assessing visual exposure will doumte to the protection of those
characteristics that contribute to the scenicohistor aesthetic quality of the landscape. It
will also help prevent factors that impact on thedscape, in accordance with § 12 of Act
No. 114/1992 Coll. on the Protection of Nature #relLandscape, included in part 2 of the
General Protection of Nature Act. As part of thisjpct, therefore, we also suggest draft
changes to regulations within the Biosphere Reserve

Fig. 1.: Location of the Dolni Morava Biosphere Rearve in the Czech Republic.
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Visibility versus visual exposure

We speak of a visible landscape in relation toatea that can be seen from a particular
site or the location of a project. Analyses of biliy based on viewshed are among the
most frequently used analytical tools in GIS (Rarand Panagopoulos 2004), are unique
according to Rana and Morley (2002), and contimuéntd new practical applications in a
wide variety of fields, and particularly within thvsual impact assessment process (Leitao
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1997; O’Sullivan and Turner 2001). The GIS toolsate a Boolean pattern that classifies
all the pixels into those visible from a given paofmalue 1) and those not visible (value 0).
Its output is usually a two-dimensional map ofaaltas visible from a given point at a given
height (Hanna 2003). A simplified principle of vished analysis, a tool commonly used in
GIS, is shown in Figures 2 and 3. In this waysipbssible to determine visibility from a
single point for wide regions (Kent 1986; Howes a@dttrell 1993). Simulation of
visibility is also a crucial tool in the fields afrbanisation, landscape planning, landscape
character assessment and environmental impactsasses (Canter 1995; The Landscape
Institute and Institute of Environmental Managemem Assessment 2002).

Fig. 2.: Principle of determination of visible area (source: Klimanek 2006).

observer

e
| vertical angle of
! line of view

|

visible areas invisible areas

Fig. 3: Principle of using the Viewshed tool in AGIS 9.2. (source: ESRI 2002).

Controlling visibility in a viewshed

+ Set parameters as observer point attributes

OF1 = OFFSETA
OF2 = OFFSETB
AZ1 = AZIMUTH1
AZ2 = AZIMUTH2
V1 =VERT1

V2 =VERT2
R1=RADIUS1
R2 = RADIUS2

Copyright © 2001, 2002 EGHI. ANl ights reservad, Working with AcGIS Soatiat Anatyat (for Arcviaw B, ArcEdior B, snd Arcinta ) T-12
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A visually exposed landscape relates to that pathe landscape that is exposed to the
perception of many observers. Visual exposure gedally influenced by how frequently
the area is visited, as well as by the opennesanoifscape scenery, illumination and land
relief (Salasova et al. 2008). When speaking afially exposed places, we mean not only
places that can be seen, or are seen, from ong&dodaut also those seen from a great
number of observation points. Changes in landschpeacter in visually exposed places,
therefore, have a large impact on a great numbgrhabitants and visitors, including those
in other parts of the landscape from where thoaeqd are visible. Salasova et al. (2007)
note that visually exposed areas with high nataatural, historical and/or aesthetic value
are, in terms of landscape character protectioinevable and have little resistance to
change. In this context, it is essential to study éffect of changes on visual exposure
rather than on visibility.

Evaluation of visual exposure

Visual exposure can be evaluated in several wayge © the evaluation of visual
exposure through panoramas (Jancura et al. 200%ecAnd is evaluation using a digital
elevation model (DEM). This project focuses on thatter. The use of DEMs and GIS
functionality allows both local and large-scale leation of visibility within landscapes
(GIS enables one to evaluate visibility using aghagmber of entry observer points). The
assessment of visual impact improves in proportiothe number of entry points entered,
i.e. the number of pixels in the resulting patteange from 0 too, depending on the
number of points from which they can be seen aadvibual impact from individual places.
We use the terrmtervisibility for this type of analysis (Mills et al. 1992; Rasyad Morley
2002; Moller 2007). With intervisibility, howeverthe observation points are not
determined in advance, and points representingceeliroids are used instead. The analysis
of intervisibility thus counts the visibility froreach cell of the input raster in the DEM of
land relief for each cell (Méller 2007). It followisom this that the resolution of the input
DEM is crucial for the accuracy of the calculatiand time required for making the
calculation.

The aim of this paper is to compare the outputgisfal exposure analysis for the Dolni
Morava Biosphere Reserve, Czech Republic (Figuredulated using two different sets
of observation points. In the first case, the ingudup comprises more or less random
points generated by a computer in a regular rgstern of 500 x 500 m. In this case, the
points of the grid are not likely to truly refleitte actual or most likely used viewpoints of
observers, tourists or inhabitants in the areatefést. In the second case, we proceed from
the assumption that the visual exposure of an @resso influenced by frequency of
occurrence of observers over time. The input pahthe second analysis mostly represent
routes and points most frequented by people (ssabads and paths, walking and cycling
trails and viewpoints).

MATERIALS AND METHODS

ArcGIS Desktop 9.2 software (including Spatial Arst) 3D Analyst and Hawth's Tools
extensions) was used for processing the inputldgéas.

GIS visibility tools identify pixels from the inpuDEM visible from one or more
observation points or lines placed at specific &iens within the DEM (ESRI 2002).
These points or lines represent those places frilyuesited by large numbers of people.
Each pixel of the output raster receives a valugivadent to the number of points from
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which the given pixel is visible. If there is ordye point, i.e. the viewpoint of the observer,
then each pixel visible from this point receivegatue of 1. All other pixels that cannot be
seen from the viewpoint of the observer receiveatues of 0. Using ArcGIS, many
parameters of visibility analysis can be adjustedjuding the height of the observer,
height of the observed object, and radius of ttetblé area. For our purposes, only the
OFFSETA parameter was set, i.e. the height of tieever (160 cm). Although the input
features can be either points or lines, only inmrint features were used in this analysis.
Data needed for this type of analysis comprisestaot observation points and a DEM
representing the relief of the area of interesidleover data, and information on the height
of vertical objects such as buildings, trees amddits stands. The inclusion of such objects,
in the form of polygonal, linear or point featuralipws the DEM to be adapted such that it
better corresponds with reality (Kent 1986; Miligral. 1994).

Digital model of the terrain

A digital model of the terrain of the Dolni Moraiosphere Reserve was created in
raster format using the TopoToRaster module, aansibdn to the Spatial Analyst software
of ArcGIS 9.2. The fundamental base of geograplita dZABAGED), in the form of
contour lines with an interval of 5 m, was usedtesbasic input, which was then further
supplemented with apexes. From this input, a DENMhefDolni Morava Biosphere Reserve
was created with a 5 x 5 m pixel size and includirng km wide buffer zone on the Czech
side of the border.

Visual barriers

Data on the height of certain features in the laafds, such as areas of forest, linear
vegetation, solitary trees and buildings, were dddethe DEM in order to provide a truer
approximation of visual barriers within the landsealn the case of forests, information on
the height of trees was obtained from data withedppropriate forestry management plan.
For other vertical objects, such as buildings iedir vegetation, no complex database exists
that includes height. An average height of 7 m a&signed to all buildings, therefore, and
an average width or crown diameter for linear vatieh and solitary trees. For linear
vegetation, we assigned an average width of 10 anaaheight of 15 m, and for solitary
trees (solitary trees in the alluvial plain tendoto larger) we assigned a crown diameter of
15 m and height of 20 m.

Analysis of visibility 1

For the first method, a regular 500 x 500 m grid‘mdssible observation points” was
generated for the DEM. Hawth's Tools (downloadedefras an extension to ArcGIS
software from www.spatialecology.com) were usedcteate the grid of points as the
Spatial Analyst software of ArcGIS 9.2 does notlude tools for generating such regular
or irregular grids. These input points represem thhole area of interest in reduced
resolution. While it would be optimal to use a fdeson of 1 x 1 m, the resulting output of
observer points would be too dense to be visibla atandard computer screen. Data for
the heights of possible visual barriers, such dklings, forest growth, linear vegetation
and solitary trees, were then overlaid. In tothleré were 2,153 observation points,
including the 5 km buffer zone from the boundaryhef Biosphere Reserve (Figure 4).

When applying the Viewshed tool to the basic dgtal(and enhanced DEM), each pixel
receives a value equal to the number of pointsr(ftiee input point layer) from which it is
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visible. After reclassifying the results into fieategories (Table 1) based upon their natural
breaks, the values were used to create a plan of visymsire for the Biosphere Reserve.

Fig. 4.: Input data for the digital relief model, including vertical objects and the net of
observation points for version 1 of the analysis.
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Analysis of visibility 2

In the first analysis, viewpoints were spread eyemler the area of interest. In a real
landscape, however, the movement of people tendsrtoentrate along roads, footpaths or
close to villages and towns — people tend notryshto fields often.

The second analysis of visual exposure, thereflmeyssed on sites where a higher
concentration of movement could be expected, saalbads used by vehicles, forest roads
and paths, walking and cycling trails, viewpoints/erbanks, urban areas, gardens,
orchards, or cemeteries. Data for these layers aga@ taken from ZABAGED. The layer
for walking trails was created through digitalipetiof a map for hikers, changing the
coordinate system from S-42 into S-JTSK. A bufteyelr was created for each data layer
that took into account possible movement of theeol®s into the surrounding area of the

! Natural breaks are a classification system recondexdrior continuous data (Mitchell 1999). GIS
automatically determines the high and low valuestch class, using a mathematical procedure to
test different class breaks. It picks the classksdhat best group similar values and maximise the
differences between classes.
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trail. The width of these buffers was assesseddagen the character of the data layer, i.e.
roads and motorways — 20 m, walking trails — 10nd arban areas — 100 m. A polygon
layer was created by compiling all data layers #vadr buffer areas with the help of the
Random Points tool (an extension of Hawth’s Toofs}otal of 5,000 observation points,
with a minimal inter-point distance of 100 m, weréded to the DEM (Figure 5). As for
version 1, the Viewshed tool was used to analysébttsic data (grid and enhanced DEM),
with each pixel receiving a value equal to the nentif points (from the input point layer)
from which it is visible. After reclassifying thesults into five categories (Table 1) based
upon their natural breaks, the values were useddate a plan of visual exposure for the
Biosphere Reserve.

Fig. 5.: Input data for the digital relief model, including vertical objects and the
network of observation points for version 2 of theanalysis.
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RESULTS AND DISCUSSION

A comparison of the two raster views created far Biosphere Reserve indicates clear
differences in visual exposure resulting from th®ice of input points (Figure 6). A
comparison of the percentage representation invishal categories (Table 1) clearly
shows that, when using frequented and freely attiiesplaces as observation points
(version 2), the range of values with increasedaligxposure is much higher. The largest
differences are seen particularly in urban areagu(E 7) and in the area around the
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junction of the Dyje and Morava rivers, which isible over large distances due to the flat
terrain.

Of the two alternatives, therefore, the calculatioih version 1, based upon actual
viewpoints, led to increased categories of highisual exposure. In addition, due to the
inclusion of actual landscape structures, versiats@ better reflected the actual landscape
structure. The calculation methods used in verdorherefore, can be said to better
represent the “actual” visual exposure in the laags than version 1.

Table 1 : Range of values and proportional represeation of visual exposure applied
within the Dolni Morava Biosphere Reserve using twalternative versions of visual
exposure calculation (category 1 represents very @ exposure and category 5
represents very high exposure).

Version 1
Category of visual exposure Range of values Propdonhal representation (%)
1 0-26 74
2 27 - 83 17
3 84 — 183 6
4 184 - 372 2
5 373-1,044 1
Version 2
Category of visual exposure Range of values Propdonal representation (%)
1 0-52 50
2 53 - 145 17
3 146 — 312 12
4 313 -637 8
5 638 — 1,643 13

Assessing the visual exposure of an area is alysefuentive measure, not only for the
purposes of evaluating potential impacts on langksceharacter but also for planning
communication facilities, utility lines and supptains (e.g. TV and GSM aerials, low- and
high-voltage lines and wind power plants [Hadriarale 1988]) and defence facilities (air
corridors and radar bases), as well as for enviesiiai modelling and other landscape
projects such as diagrams of visibility (Vorel ét 2006 ). According to Hanna (2003),
however, and as seen from our results above, DEltsilated without visual barriers only
partly resemble reality. We must expect mistakégrefore, due to inaccuracies and
deviations in maps that are too generalised. Gtetors that would improve the accuracy
of maps of visual exposure include air quality,estiisual barriers not included in this
project and properties of the observer (propemiebuman eye, short-sightedness, long-
sightedness). Further, important factors not inomafed in this analysis were the seasonal
and overall dynamics of the landscape. With respebtuman activities in the countryside
in particular, even small-scale interference madléo radical changes. Natural processes
may also affect visual exposure over time, e.goubh forest growth and reforestation of
grassland. In general, it is true that the acttetbsfound through field observations is more
accurate than that generated on a computer; howévemnot always feasible to apply this
in large areas such as biosphere reserves, proteatere reserves or whole regions.
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Fig. 6.: Maps of visual exposure based on an everdpread grid of observation points
(version 1) and based on accessible places (versn
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Fig. 7.: A detailed comparison of visual exposurbased on versions 1 and 2.
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Practical applications

Visual exposure analysis, when undertaken fromasreefew specific places or sites can
be used for causal evaluation of the influence pfagect on landscape character. This data
can also provide important groundwork for otherj@cts, and especially for preventive
landscape character assessment. Visual exposuysiar@an also serve as an auxiliary tool
for differentiating an area as regards opennesanoifscape scenery or in finding the visual
horizon. A map layer of visual exposure will oftemerlap with other thematic layers,
which can help identify correlations between indual differential factors. It is also
possible to restrict the analysis of visual expestor specific areas by omitting forest
growth and small-scale areas, and especially pexle@reas, where no large-scale
interference or changes are expected.

As one of the aims of this project was to help tnafv regulations for the Dolni Morava
Biosphere Reserve, we have provided a recommenidedteon (Box 1) to the present
biosphere reserve regulations that takes into axtcthe results of this and previous
mapping exercises (e.g. Salasova et al. 2007)

Box 1. Example of a draft regulation, with justification and other recommendations.

Draft regulation

In areas of higher visual exposure (values)3-it is neither appropriate to place buildi
constructions and other technical facilities norcarry out significant changes in the use o
landscape, such as the construction of ski liftb sl slopes, clearance of forests).

Justification and other recommendations

Changes in landscape character, and especially ebaadts basic propergare most pronound
in visually exposed areas. These are those aratarh most observed by the public, as they
integral parts of people’s living and holiday sgacEhe placing of structures of a technical cha
and other large-scale lan@ge use changes are unsuitable in a landscapestofibj scenic
aesthetic value, where the risk of negative imsmobhuch higher. In such cases, the intention
be disallowed.

CONCLUSION

Both of the alternative versions for calculatingual exposure may be used, but for
different purposes. Version 1 is better than verddor evaluating visual exposure in the
case of preventive landscape character assessvigeaion 2, however, is more appropriate
for the evaluation of visual exposure in the calseanisal landscape character assessment,
i.e. for comparing the extent of impact both befane after implementation of a project.

Analysis of visual exposure within preventive lacase character assessment may also
function as a supportive tool for differentiatingetscenic character of a landscape (e.g.
openness or closedness) and to identify visualzbos. In the case of causal landscape
character assessment, visual exposure allows enpraty estimation of the extent of the
proposed project’s impact (scoping). It should loéed that placing projects or changing
land uses at sites with the highest visual expasdeenot necessarily mean that landscape
character will be impacted, although further reseas needed to verify this.
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