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Abstract: Even though landscape quality is largely a subjective issue, the integration of infrastructure
into landscapes has been identified as a key element of sustainability. In a spatial planning context, the
landscape impacts that are generated by infrastructures are commonly quantified through visibility
analysis. In this study, we develop a new method of visibility analysis and apply it in a case study of
a reservoir (Plastiras dam in Greece). The methodology combines common visibility analysis with a
stochastic tool for visual-impacts evaluation; points that generate high visual contrasts in landscapes
are considered Focus Points (FPs) and their clustering in landscapes is analyzed trying to answer
two questions: (1) How does the clustering of Focus Points (FPs) impact the aesthetic value of the
landscape? (2) How can the visual impacts of these FPs be evaluated? Visual clustering is calculated
utilizing a stochastic analysis of generated Zones of Theoretical Visibility. Based on the results, we
argue that if the visual effect of groups of FPs is positive, then the optimal sitting of FPs should be in
the direction of faint clustering, whereas if the effect is negative, the optimal sitting of FPs should
be directed to intense clustering. In order to optimize the landscape integration of infrastructure,
this method could be a useful analytical tool for environmental impact assessment or a monitoring
tool for a project’s managing authorities. This is demonstrated through the case study of Plastiras’
reservoir, where the clustering of positively perceived FPs is found to be an overlooked attribute of
its perception as a highly sustainable infrastructure project.

Keywords: landscape aesthetic; aesthetic evaluation; stochastic analysis

1. Introduction

The preservation of landscape as a part of natural and cultural heritage [1] is an
important element for the sustainability of human development in a changing world [2].
The European Union defines the landscape as “an area, as perceived by people, whose
character is the result of the action and interaction of natural and/or human factors” [3,4].
Changes to landscapes from infrastructure projects can be considered both positive [5], by
the transformation of landscapes with respect to cultural and natural landscape elements,
(b) and negative, by the transformation of landscapes with repeated use of industrial
elements without landscape planning. In such cases, the development of infrastructure
has been associated with the creation of political and economic problems due to the
transformation of landscape [6,7].

The aesthetical value of the landscape is in its essence a political issue [3,8–10] that
characterizes the socio-economic development and determines quality of life [11]. The
aesthetic evaluation is widely accepted as a subjective process in philosophy [12]; thus,
many researchers classify their approach as subjective [13–17]. On the other hand, other
researchers have tried to find some objective rules, indicators, and proxies [18–21] to
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evaluate the aesthetical value of the landscape. Using modern technological tools such
as Geographic Information System (GIS) analysis methods, decision makers are able to
identify, for example, the most valuable or the most critical areas, according to their
landscape value. Thus, such methods and their integration in policy help in the design both
in short or medium-term and in the long-term [22–24]. Through image segmentation and
other more sophisticated methods, researchers in the 21st century have tried to minimize
the subjective elements of this issue and to quantify impacts with new indicators [25–32].

Schönthaler [33] notes that there must be a necessary reduction of complexity of
environmental monitoring and a specific selection of a few and relevant variables in
order to answer related questions. Following this rationale, in this paper, we define the
clustering of Focus Points (FPs) as a simple method for the quantification of the impact of
infrastructures on the aesthetic value of landscapes.

FPs are elements that attract our vision, which affect the perspective we have on a
landscape. A FP is defined as the part of the landscape which is distinguished in terms
of texture, color, or size and thus attracts vision [34]. A Magnetic Focus Point (MFP) is
defined as the part of the landscape that has the characteristics of a FP and is also a pleasant
aesthetic element [35].

We often see MFPs in our view. For example, an MFP can be a statue, a beautiful
house, or a lake [36–38]. On the other hand, a common type of visually unpleasing or even
repellent FPs are industrial installations or other civil infrastructures in landscapes.

It is widely accepted that the visibility of an FP impacts its environment. This so-
called visual impact is in part subjective [39], and it can extend from a few centimeters
if the examined FP is jewelry to several kilometers if the examined FP is a work of civil
infrastructure (Figure 1). In terms of civil infrastructures, this visual impact of landscape
is approached with methods of visibility analysis, e.g., with the mapping of Zones of
Theoretical Visibility (ZTVs) [40–43].

Figure 1. Focus Points (a) Signet ring; Egypt; 664–525 BC; gold; dimensions: 3 × 3.4 cm; British Museum (London) with a
few centimeters ZTV [44]; (b) Statue by Henry Moore, Oval with Points, height 3.32 m, 1970; with a few hundred meters
ZTV [45]; (c) Plastiras Lake landscape created by an artificial lake of 24 km2 [46].

In this study, we use a stochastic tool to develop a methodology for the quantitative
evaluation of the results of visibility analyses. In particular, we utilize a stochastic tool (a)
to investigate the transformation of original landscape views and (b) to evaluate the impact
of clustering of FPs within a ZTV to the aesthetic value of the landscape. Then, we apply
this methodology on an actual landscape transformed by a civil infrastructure project, i.e., a
reservoir of a multipurpose dam, investigating how this methodology can be used for more
sustainable landscape planning of civil infrastructure. We selected the case study of the
artificial Plastiras Lake for this analysis, since we have collected extensive landscape-related
public opinion data from previous research [47] that can now be re-examined with updated
tools and allow for the comparison of results from past and current methodologies.
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The mathematical field of Stochastics has been introduced on the opposite side of deter-
ministic approaches as a way to model the so-called random, i.e., complex, unexplained or
unpredictable, fluctuations observed in non-linear geophysical processes [48,49]. Stochas-
tics helps develop a unified perception for natural phenomena and expel dichotomies such
as random vs. deterministic. From the viewpoint of stochastics, there is no such thing
as a “virus of randomness” that infects some phenomena to make them random, leaving
other phenomena uninfected. Rather, both randomness and predictability coexist and are
intrinsic to natural systems, which can be deterministic [50–52] and random at the same
time, depending on the prediction horizon and the time scale [53]. This research aims to
develop a stochastic analysis method to quantify both the spatial structures in terms of
clustering as well as the temporal evolution thereof.

2. Methodology

A stochastic computational tool abbreviated 2D-C [54,55] is used to study the clus-
tering in 2D space, using images from various sources. 2D-C measures the degree of
variability (change in variability vs. scale) in images. Here, we refer to spatial scale, which
is defined as the ratio of the area of k × k adjacent cells (i.e., scale k) that are averaged to
form the (scaled) spatial field, over the spatial resolution of the original field (i.e., at scale 1).

Image processing typically begins with filtering or enhancing an image using tech-
niques to extract more information from the images [56], and image segmentation is one of
the basic problems in image analysis. The importance and utility of image segmentation
has resulted in extensive research and numerous proposed approaches based on intensity,
color, texture, etc., which are both automatic and interactive [57–60].

This analysis for image processing is based on a stochastic tool called climacogram.
The term climacogram [61–63] comes from the Greek word “κλίµαξ”, which is pronounced:
climax (meaning scale). It is defined as the (plot of) variance of the averaged process
(assuming stationary) versus averaging scale k and is denoted as γ(k). The climacogram
is useful for detecting both the short- and the long-term change (or else dependence,
persistence, clustering) of a process, with the latter emerging particularly in complex
systems as opposed to white-noise (absence of dependence) or Markov (i.e., short-range
dependence) behavior [64].

In order to quantify the image variability, each image is first digitized in two di-
mensions (2D) based on a grayscale color intensity (thus, studying the brightness of an
image), and the climacogram is calculated based on the geometric scales of adjacent pixels.
Assuming that our sample is an area n∆ × n∆, where n is the number of intervals (e.g.,
pixels) along each spatial direction and ∆ is the discretization unit (determined by the
image resolution, e.g., pixel length), the empirical classical estimator of the climacogram
for a 2D process can be expressed as:

γ̂(κ) =
1

n2/κ2 − 1

n/κ

∑
i=1

n/κ

∑
j=1

(
x(κ)i,j − x

)2
(1)

where x(κ)i,j = 1
κ2

κ j
∑

ψ=κ(j−1)+1

κi
∑

ξ=κ(i−1)+1
xξ,ψ represents a local average of the space-averaged

process at scale κ, and at grid cell (i, j), the ‘ˆ’ over γ denotes estimate, and κ is the the
dimensionless spatial scale.

An important property of stochastic processes that characterizes the variability over
scales is the Hurst–Kolmogorov (HK) behavior (persistence), which can be represented
by the Hurst parameter [65]. This parameter is estimated by minimizing the fitting error
between the empirical (observed) and the modeled (Equation (2)) climacogram, which are
both derived from the large-scale values, i.e., the last 50 scales are used in the presented
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applications). The isotropic HK process with an arbitrary marginal distribution, i.e., the
power-law decay of variance as a function of scale, is defined for a 1D or 2D process as:

γ(k) =
λ

(k/∆)2d(1−H)
(2)

where λ is the variance at scale k = ∆, ∆ is the time or space unit, d is the dimensionality of
the process/field (i.e., for a 1D process d = 1, for a 2D field d = 2, etc.), and H is the Hurst
parameter (0 < H < 1). For 0 < H < 0.5, the HK process exhibits an anti-persistent behavior,
H = 0.5 corresponds to the white noise process, and for 0.5 < H < 1, the process exhibits
persistence (i.e., clustering). In the case of clustering behavior due to the heterogeneity of
the brightness of the image, the high variability in brightness persists, even in large scales.
This clustering effect may substantially increase the diversity between the brightness in each
pixel of the image, which is a phenomenon that is also observed in hydrometeorological
processes (such as temperature, precipitation, wind etc. [49]), natural landscapes, and
music [65].

The algorithm that generates the climacogram in 2D was developed in MATLAB for
rectangular images [66]. In particular, for the current analysis, the images are cropped to
400 × 400 pixels, 14.11 cm × 14.11 cm, in 72 dpi (dots per inch).

This method has been introduced in the evaluation of the aesthetic of art paintings
and landscape [54,55], so in order to exam the impact of clustering of MFP, we will see the
following example.

3. Analysis
3.1. Clustering in the Analysis of Views of Objects

A FP can be perceived in different ways. One observer can view the FP without any
barrier or filter in one part of the scenery, or through barriers or filters [67]. If an observer
beholds an FP without any barrier or filter, then the FP is revealed intensively.

When an FP appears in the scenery, we have to examine how this FP can be discernible
from different locations. This depends on the distance, the barriers, and the filters located
between the FP and the observer.

A stochastic method is used to evaluate the transformation of an original image in a
theoretical scenario of a sudden appearance of a herd of dolphins, which are obviously
MFP. Different clustering arrangements of the herd are examined (Figure 2a,b), aiming to
quantify the visual transformation to the examined scenery, using the original image that
does not have any transformation as a baseline (Figure 2c).

Figure 2. (a) Herd of dolphins; (b) clustered herd of dolphins; (c) scene without dolphins.
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A stochastic method has been developed for quantifying the transformation of the
images based on 2D climacograms [54,55]. For the quantification of the difference between
climacograms, we subtracted their values for each scale:

R(k) = γ(k) original image − γ(k) transformed image (3)

where γ(k) are the climacogram estimations of the original image and the transformed
image, respectively.

The results (Figure 3) indicate that the minimum alternation to the structure of the
original image was caused when the herd of the dolphins was clustered.

Figure 3. (a) Standardized climacograms of images in Figure 2 and (b) evaluation climacograms of
original vs. transformed scenery.

3.2. Clustering in the Analysis of ZTV Sketches

Each FP has a ZTV, which is dependent on the size of the object and the terrain that
surrounds it, as ZTV is calculated through a circular line-of-sight test around the examined
object. The ZTV quantifies spatially the ability of the object to attract vision and thus the
extents of its visual effects the environment. In Figure 3, we saw an example of clustered
MFPs, which have smaller impact in the scenery than declustered MFPs.

Figure 4 presents the ZTVs of dolphins in Figure 2, which are characterized as (a) ZTVs
with faint clustering and (b) ZTVs with intense clustering. The pixels analyzed are rep-
resented by numbers denoting their color intensity in grayscale (white = 1, black = 0).
Previous related work shows the steps of this analysis in detail [68].

For the integration of all information contained in the 2D climacogram of each image,
we evaluate the cumulative areas underneath each one for all scales (Figure 5a), i.e., the
climacogram integral

∫ k
∆ γ(x)/x dx, where ∆ and k are the minimum and maximum scale,

and we have divided by x in order for the integral to converge for arbitrarily high k
( k→ ∞ ). In the discrete case, this can be approximated as:

CI(k) =
n(k)−1

∑
i=1

(γ(xi+1) + γ(xi))
xi+1 − xi
xi+1 + xi

(4)

where i is the number of integration intervals up to scale k, xj is the jth scale, and n(k) is the
number of scales up to k. We evaluate CI(k) at the maximum available spatial scale, so that
it be the best approximation of the limit CI(∞).
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Figure 4. (a) Zone of Theoretical Visibility (ZTV) of dolphins in Figure 1a; (b) ZTV of dolphins in
Figure 1b.

Figure 5. (a) Cumulative areas underneath each climacogram for each scale of Figure 4a,b; (b) Rate
of alteration of clustering of Figure 4a,b.

Figure 5b shows the results of the evaluation of clustering the herd of dolphins. High
values of the climacogram integral show intense clustering, while small values show faint
clustering, which is preferred when we have MFP.

4. Case Study: Plastiras Lake

Plastiras reservoir is an artificial lake in Greece generated by the homonymous arched
dam and famous for its beautiful landscape [69–74]. Plastiras Lake is a unique example
of how civil infrastructures can be sustainably integrated into the landscape and create
beautiful artificial landscapes that attract visitors and support a multi-dynamic sustainable
development [69].

We chose this case study because previous work based on questionnaires (human
judgment), theoretical analysis, and field research (Figure 6) of landscapes have shown
that water is perceived as an MFP in the landscape and also that observers perceive the
south part of the Plastiras reservoir (Figure 7, first row) as more beautiful than the north
part of the reservoir (Figures 8 and 9 first row) [70–72]. When an expert looks at data and
images, this conclusion could be also reached due to other landscape-parameters, but in
this case the validation of the positive character of the landscape by public perception is
correlated with quantitative visibility analysis. Based on previous research, we can validate
the presented-novel methodology utilizing the past knowledge of the problem and the
public’s perception. Twenty years ago, when the initial analysis of the problem was carried
out, we only had qualitative tools at our disposal.
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Figure 6. Purple line: theoretical line that separates the north and south part of the landscape; yellow
and red lines: main peripheral reservoir roads; red dots and shadowed cones: positions of pictures
and direction of views of the landscape (Figures 7–9).

Figure 7. Plastiras reservoir south part; Viewpoints of Figure 6 (a) S.a; (b) S.b; (c) S.c; First row,
original view; Second row, transformed images without lake.



Infrastructures 2021, 6, 12 8 of 15

Figure 8. Plastiras reservoir north part; Viewpoints of Figure 6 (a) N.a; (b) N.b; (c) N.c; First row,
original view; Second row, transformed images without lake.

Figure 9. Plastiras reservoir north part; Viewpoints of Figure 6 (a) N.d; (b) N.e; (c) N.f; First row,
original view; Second row, transformed images without lake.

4.1. Clustering in the Analyis of Typical Views of the Reservoir

In order to evaluate the view of the landscape, we selected characteristic pictures from
the database of our 2002 landscape research project [73]. Each picture is marked in the map
(Figure 6), and the date of capture as well as the reservoir level have also been recorded.
Obviously, an actual observer would be able to see an infinity of views as “pictures”. To
summarize the authentic visual experience, we presented the most characteristic pictures,
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as extracted from the results of previous research that analyzed the aesthetics of the north
and south part of the lake.

It is important to note that these pictures were selected because they are found in
typical belvedere areas from where the landscape is most often viewed; the road does
not offer neither a continuous view of the lake nor an abundance of spots for cars to stop
or pedestrians to walk. Thus, the selected pictures express typical views (extracted from
questionnaires) for the majority of the observers, meanwhile covering a significant area of
the examined landscape.

Trying to quantify why the landscape of the south part is visually more pleasing than
the landscape of the north part, we transformed photographs of the scenery (removing the
lake), as can be seen in the second row of Figures 7–9. The evaluation of the climacograms
of the alteration of original images (including the lake) vs. transformed images (without the
lake) of the landscape shows that the south part of the lake is transformed more intensively
from the lake (Figure 10). This could explain why the observers are more impressed by
the south part of the landscape and find its landscape more beautiful, as this part is more
impacted by the landscape transformation in relation to the (theoretical) original image
(without the lake), and obviously the impact is perceived as positive.

Figure 10. (a) Evaluation climacograms with the alteration of original vs. transformed scenery; (b) averages of the north
and south part of the lake.

4.2. Clustering in the Analysis of ZTV Map

In order to evaluate the differences in the landscape integration of the reservoir in
each case, due to the differentiation of water presence in the north and the south part of the
lake (Figure 11), we evaluated the corresponding ZTV maps of the reservoir (Figure 12).

Investigating the clustering of the ZTVs, we calculated the ZTVs that correspond to the
same road distance (≈ 11.5 km) for the north and south part of the landscape (Figure 13).
As demonstrated in Figure 14, the results show that the south part of the lake has a fainter
clustering of ZTV than the north part of the lake.
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Figure 11. (a) Plastiras reservoir; (b) presence of water in the north part of the lake; (c) presence of water in the south part of
the lake.

Figure 12. (a) Climacogram for each scale of Figure 9b,c; (b) rate of alteration of clustering of Figure 9b,c.

Figure 13. (a) Plastiras reservoir; (b) Examined sections of road; (c) ZTV of the south (red) and north (yellow) parts of
the reservoir.
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Figure 14. (a) Climacogram for each scale of Figure 6b,c; (b) rate of alteration of clustering of Figure 6b,c.

Faint clustering of ZTV in the south part of the landscape means that the lake, which is
perceived as an MFP with positive landscape impact, has more spread dispersed visibility
in the south part of the landscape than in the north part (Figure 14).

Therefore, minimum clustering and increased spread of an MFP in a landscape is posi-
tive to the observer, which is also intuitive and in accordance with previous research [58–60].
On the contrary, maximum clustering and limited spread of a negatively perceived FP can
contribute to minimizing its landscape impact.

5. Discussion

Kant noted that “no objective rules of taste can be given which would determine what
is beautiful through concepts” [8]. According to this note, evaluating the landscape with
the tools at our disposal in the first stage of the research on the aesthetics of the landscape of
Plastiras reservoir (during years 2000–2005) in the paper “Resolving conflicting objectives
in the management of the Plastiras Lake: can we quantify beauty?” [74], we noted that:
“This classification, [(of scenery)] especially in the level of detail in which it is presented, is
only an indication, and is, to some extent, arbitrary; aesthetic quality is neither measurable
nor objective, and there are no clear division lines”. Similar questions have also arisen
in other articles [75]. On the contrary, Leibniz believed that there is a norm behind every
aesthetic feeling, which we simply do not know how to measure [76].

It has to be noted though that a limitation of this study lies in the subjectivity related
to which types of civil infrastructures are considered of negative impact to landscape and
which are considered of positive effect. However, we believe that this limitation can be
overcome by sight-specific [69–72] or specialized literature [37] that can limit, to an extent,
the associated subjectivity through the statistical analysis of public perception; e.g. like
in utilization of our past study of Plastiras reservoir in this study. On these terms, we
could state that this study leans on the side of Leibniz’s philosophy on the existence of
aesthetical norms as it proposes a quantitative tool for the sustainable landscape integration
of infrastructures.

6. Conclusions

Works of technological and civil infrastructure support the needs of human society
but also generate intense transformations to urban and natural landscapes at multiple
scales and are perceived as FPs in landscapes [36]. These transformations become even
more perceivable when they alter landscapes, urban or natural, of historical and cultural
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significance. Landscapes (castles, traditional settlements, sacred places, etc.) bear the spirit
of the place (Latin: genius loci) [77], and their transformation with modern infrastructures
can impact both the sensory experience of the visitors as well as their cognitive perception
of the place. All these effects of infrastructures on landscape can be associated with
infrastructure sustainability [78], both in terms of opposition to projects in the stage of
development and also in terms of effects to the quality of local citizens’ life, after the
completion of the projects.

This paper presents an evaluation method for the landscape effects from infrastructure
development through the analysis of clustering of FPs in landscapes, in the context of
the emerging research field of visual impact assessment [79]. Initially, it is demonstrated
how the clustering of FPs is an important landscape attribute that can be used to quantify
potential impacts to the aesthetic value of landscapes. EU defines landscape planning as:
“The aspect of the land use planning process that deals with physical, biological, aesthetic,
cultural, and historical values and with the relationships and planning between these val-
ues, land uses, and the environment” [80]. Consequently, in a landscape planning context,
clustering of repellent FPs (unpleasant to the eye) is preferred in order to minimize the ex-
tent of the negative impact, whereas in the case of MFPs (pleasant to the eye), declustering
is optimal, so as to maximize the extent of the positive impact. These conclusions gener-
ate inferences for landscape planning policy for civil infrastructure design, which can be
combined with existing work in an effort to maximize positive impacts to landscapes and
minimize negative impacts, overall allowing for a sustainable landscape transformation.

The case study of the landscape of Plastiras Lake, in which the stochastic method for
the visual evaluation clustering of FPs is applied, extends the results of our previous work
in both qualitative and quantitative terms. Through the utilized stochastic method, we
highlight an important quantitative parameter of the visual experience of a landscape, i.e.,
the impact of FP clustering. In particular, we concluded that the clustering of positively
perceived FPs seems to have contributed to the positive public perception of Plastiras lake,
which is widely considered as an example of a highly sustainable infrastructure project.
The inclusion of ZTV mapping in the analysis allowed for this quantitative improvement
and allowed for a better spatial definition of landscape’s aesthetic appeal to visitors.

The proposed method can be utilized as part of environmental impact assessment
studies or in the management of landscape for tourism and recreation. For the former, the
methodology could be used in the effort to optimize the positioning of infrastructures and
for the latter to aid in the determination of areas to be promoted. Despite its limitations,
the proposed quantification of landscape aesthetics provides an intelligible way of identifi-
cation and communication of landscape changes, which may be useful in infrastructural
landscapes policies and decision making.
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