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Abstract

Stochastics help develop a unified perception of natural phenomena and expel dichotomies like
random vs. deterministic, as both randomness and predictability coexist and are intrinsic to natural
systems. A natural system can be deterministic and random at the same time, depending on the
prediction horizon and the time scale. The high complexity and uncertainty of natural processes has
long been identified through observations as well as extended analyses of hydrometeorological
processes such as temperature, humidity, surface wind, precipitation, atmospheric pressure, river
discharges etc. All these processes seem to exhibit high unpredictability due to the clustering of
events.

Art is usually not considered a natural process, but other than a mix of determinism (e.g.,
certain rules have to be followed) it also includes stochasticity (e.g., creativity and inspiration). A
stochastic analysis of works of art allows for the identification of the existence of possible intrinsic
uncertainty. This analysis includes the investigation of Hurst-Kolmogorov behavior in the art of
different historical periods (visual arts, music and poetry) and of similarities with natural processes.
Based on the stochastic analysis of artworks, a method of image analysis is developed that is applied
in analyzing the landscape impact in cases of insertion of architectural elements in the natural
landscape, formulating an indicator that can be used for analyzing the impact of works of
engineering on the landscape.

1. Introduction - Art and mathematics

Art is inherent in the evolution of human civilization. Since the beginning of civilization,
human minds have been embodying their creativity into different forms of arts, ranging from
prehistoric cave paintings to the various forms of contemporary art. These works of art have been
creating feelings, through their aesthetics, and disseminating ideas and messages, underlying of
upfront, through their communication with the intellect. In different stages of history, art has even
been in the frontline of the struggle of human civilizations for progress, expressing social and
political ideas that were far from being implemented in the societies of those times.

The analysis of the connection between the artist and the recipient of art has always been of
high interest in both philosophy and science. Even though this analysis has mostly been considered
part of the so-called social studies and humanities, mathematicians have also been involved.
Mathematicians are generally not specialized to contribute, through their expertise, in sociopolitical
analysis of messages and motivations of art but have been consistently applying mathematical
knowledge, which is their expertise, in trying to explain aesthetics. In most of these analyses, the
question at hand, is if what is pleasing/ or not pleasing to the eye can be explained though
mathematics.

Historically, it is known that from the time of the ancient Egyptian civilization a mathematic
rule of the analogies of human body had been developed [1], and later in ancient Greece, the
mathematicians Pythagoras and Euclid [2] were the first known to have searched for a common rule
(canon) existing in shapes that are perceived as beautiful. Euclid's Elements (c. 300 BC), for example,
contains the first known definition of the “golden ratio”:

A straight line is said to have been cut in extreme and mean ratio when, as the whole line is to
the greater segment, so is the greater to the lesser.

Conversely, the view of philosophers such as Aristotle, that “art takes nature as its model” and
“art not only imitates nature, but also completes its deficiencies” seem to suggest that expression
through art is above any natural rules that could be described by with mathematical modeling [3].
Similarly, Plato connected his aesthetic theory, as well, mostly with ideas, the soul and idealistic
expression [4].

The opinions of later philosophers on this pursuit of mathematicians in the analysis of
aesthetics were more varied. Leibniz, for example, believed that there is a norm behind every
aesthetic feeling which we simply don’t know how to measure. Rene Descartes, on the contrary,
supports that instead of regarding the aesthetic quality as an inherent quality of a physical object, the
distinction of mind and nature have allowed humans to incorporate their own subjective feelings in
determining their aesthetic preferences.

In this particular application of mathematical methods in the analysis of arts and aesthetics, a
new logic is promoted, based on which art and aesthetics are not treated neither as strictly
deterministic nor as being completely unable to be described by rules of mathematics. Aesthetics
and art are treated similarly to how natural processes are treated in the context of a stochastic
analysis, and an attempt is made to identify the degree of their intrinsic uncertainty. After
successfully identifying a stochastic Hurst — Kolmogorov (HK) in arts of different historical periods,
a similar investigation is made into different landscapes produced by different renewable energy
(RE) technologies.

2. Incorporating stochastic analysis in arts and landscape aesthetics

Stochastic calculus helps in developing a unified perception of natural phenomena and expel
dichotomies like random vs. deterministic. It seems that rather both randomness and predictability
coexist and are intrinsic to natural systems which can be deterministic and random at the same time,
depending on the prediction horizon and the time scale [5].

The high complexity and uncertainty of natural processes has long been identified through plain
observations as well as extended analyses of hydrometeorological processes such as temperature,
humidity, surface wind, precipitation, atmospheric pressure, river discharges etc[6]. Particularly, all
these processes seem to exhibit high unpredictability due to the clustering of events.

On the other hand, art is expected to be a mix of determinism (e.g., certain rules have to be followed)
and stochasticity (e.g., creativity and inspiration). In this analysis, initially, an attempt is made to
identify the degree of intrinsic uncertainty in paintings of different periods and present an
evaluation of a possible Hurst-Kolmogorov behavior, using stochastic analysis. Subsequently, the
method of image processing developed for the analysis of art is also applied in the analysis of
photographs of renewable energy installations and civil works on the landscape, to investigate
differences between major RE technologies. Finally, through the analysis of various images of
landsnapF.-s (natural landscages, renewable energy landscapes and urban landscapes), a preliminary
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The dependence structure of a process is represented by the (second-order) climacogram, i.e.,
the variance of the averaged process vs. scale k, where k = kD is the continuous-time scale in time
units and k the dimensionless discrete one, assuming that D is a time unit that is used for
discretization. Although the climacogram is directly linked to the autocovariance and power
spectrum (i.e., each of these three stochastic tools contains exactly the same information [10], it has
been shown that the climacogram provides better estimates than the other two [11].

4, Methodology - Application in analysis of paintings

Stochastic analysis in 2d

For the analysis of landscapes, through photographs, the methodology used is based on the
methodology previously developed for the analysis of paintings [12]. Each painting is digitized is 2d
based on a grayscale color intensity and the climacogram is calculated based on the geometric scales
of adjacent pixels [13]:
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In more depth about the methodology of the climacogram for 2d processes, assuming that our
sample is an area nA x nA, where n is the number of intervals (e.g. pixels) along each spatial
direction and A 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:
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where the “*” over y denotes estimation, i = /i, is the geometric mean of the discrete

scales Ky, , with Kk, =k /4 and «k;=k,/A the dimensionless spatial scales,
{"] EEUMIU—UHEE—M{: 1+1Xey is the sample average of the space-averaged process at scale
K, and X =Xi-1 % /n® is the sample average. Note that the maximum available scale for this

estimator is n/2.

A variety of processes exhibit LTP behaviour (e.g. Dimitriadis, 2017), the simplest one being the
isotropic Hurst-Kolmogorov (HK) process, i.e. power-law decay of variance as a function of scale,
and defined for a 1d or 2d process as:

A
y(k) = (kfﬂ)m{l-ﬂ} (2)

where A is the variance at scale k = kA (k; = k, = kd), d is the dimension 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).

(a) (b) (©)

Figure 1: (a) Example of pixels in 2d picture, (b) the average of pixels and (c) grouped pixels
(scales) used to calculate the climacogram.

The pixels analysed are actually represented by numbers based on their grayscale color
intensity. An example of climacograms generated by data sets with different statistical

characteristics is presented in fig. 2 and fig.3.
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Figure 3: Climacograms of data series of Fig.2

5. Application in analysis of landscapes.

The unexpected importance of the aesthetics of renewable energy

Globally, the scale of the transformation caused to landscapes from Renewable Energy (RE)
developments is larger than ever. Indicatively, in countries with high wind energy utilization rates,
the percentage of land area in which wind turbines are clearly visible is 18% in Spam [14], 21% the
Netherlands [15] and even 46% in Scotland [16] and regarding solar panels the percentag
the only national-scale study, to date, with data from Spain [14]. These studies demo: a
of the visual intrusion of wind and solar energy into landscapes and justify why st
on visual-impact grounds has emerged against RE projects. This friction, between re __wable energy
and landscape has consistently been the cause of delays in the development of rene able energy
projects and has raised the issue of landscape management in Europe [17] and globally

Some basic contributors to the generation of significant visual impact from RE are the
large requirements of land use, more evident in the case of solar energy [18, 19], as well as the great
dispersion of facilities and equipment, that is characteristic of wind energy [20]. However, these
characteristics are also present, to an extent, in hydroelectric projects, which in contrast to wind and
solar developments have not been ﬂpposed significantly, from a landscape-impact perspective, even
though hydroelectricity is the type of renewable energy with the highest installed capacity globally
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Stochastic similarities between natural processes and art:

[21]. One important aesthetic difference between solar and wind developments on the one hand and
hydroelectric developments on the other hand, is that hydroelectricity produces a new landscape
which is to a great degree natural-like. The hydroelectric landscape mainly consists of an artificial
lake - a reservoir, in contrast to wind and solar developments, in which the new landscapes
developed are dominated, visually, by human-made industrial equipment. Thus, wind and solar
energy projects have been significantly critiqued on industrializing landscapes.

To mitigate this industrial intrusion and facilitate the expansion of RE, several different
methods have been developed to quantify and evaluate visual impact from renewable energy,
ranging from photomontage and digital representation to GIS viewshed analyses [22]. In these
methods the basic parameters that are considered determinant of this impact are: viewing distance,
atmospheric clarity, color contrast with background, movement of wind turbine blades and
perception from individuals [23]. They are used mostly to optimize the sitting of a new RE project or
to evaluate its landscape impact in the form of an environmental impact analysis.

In this paper, the application of a stochastic analysis is combined with elements from these
methods in analyzing landscapes created by utilizing different types of RE technologies. The paper
aspires to determine whether the industrialization of landscapes, caused by solar and wind is
somehow expressed in mathematical terms and how this might be related to the visual impact of
hydroelectric projects.

Landscape analysis

In order to analyze the transformation produced by RE technologies to landscapes,
photographs with views of natural and man-made landscapes were used (fig.4, fig.6 and fig.8). The
landscapes selected were natural landscapes suitable for the installation of renewable energy
projects, landscapes where renewable energy projects have already been installed and finally some
urban landscapes to be used as means of comparison of 100% natural to 100% man-made
landscapes, in the discussion.

Image processing typically involves filtering or enhancing an image using various types of
functions in addition to other techniques to extract information from the images [24]. 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, and both automatic and interactive [25]. A variety of techniques have
been proposed for the quantitative evaluation of segmentation methods [26], [27], [28].

In this analysis the methodology which was originally developed for the analysis of paintings is
used, as described in chapters 3 and 4. As similar behavior was found in the cllimacograms of similar
landscapes (similar behavior in the climacograms from the analysis of pictures of forest landscapes,
similar behavior in the climacograms from the analysis of pictures of lake and reservoir landscapes,
etc.), the climacograms generated were considered representative of the respective type of landscape
(fig 5., fig7 and fig. 9). The climacograms of fig. 5 and fig. 7, were formed using the averages of
multiple pictures for each type of landscape, i.e. the pictures of fig. 4 and fig.6, while the
climacogram of fig.9 was formed using one picture for each type of landscape, i.e. the pitcures of
fig.8.

Lake

Solar panels Wind turbine

Forest

Figure 4. Images processed for the calculation of the climacograms of figure 5 (natural landscapes, reservoir and

lake landscapes, photovoltaic energy landscapes and wind energy landscapes).

1
0.9
0.8
0.7
0.6
0.5
0.4
03 -
0.2
0.1 4

0

(k)

w=gp=Landscape, forest

-=Windturbine
Lake

Solar panels

100

reservoir and lake landscapes, photovolt o

et y landscapes and wind energy

fig. 4 (natural lan%pes

Iy

i

Jq f Structures ;

- E e S “‘.Ii

N

erage climacograms of pictures of

lo: 689983) belongm _ "*o_ the

Application in the analysis and optimization of landscape aesthetics of renewable energy and civil works

=
i

11313813130

1
0.8
0.6
D~ s s landsaape, forest 1.‘ e
- - =Wind turbine T,
--- Lake *
e T s Solarpanels
—o— City
0 - *
: 10 100
ke

Figure 7. Average climacograms for each type of examined landscape using the pictures of fig. 4 and fig.6
(natural landscapes, reservoir and lake landscapes, photovoltaic energy landscapes and wind energy

landscapes and urban landscapes

In order to achieve a better understanding of the effect of the transformations from renewable
energy on landscape, the following digitally processed image was analysed (Figure 8). The number
of pixels transformed is equal in the two images of a section of a reservoir and a section of a
photovoltaic project.

Figure 8. Images processed for the climacogram of figure 9 (natural landscape, hydroelectric reservoir

landscape and photovoltaic project landscape).
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In fig. 9 it is observed that the landscape after the digital insertion of pixel
demonstrates intense contrasts which are quantified in the climacogram, wh
tend to homogenize the climacogram.
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Conclusions

The natural landscape of a forest, demonstrates a typical curve (without great dis-

persion regardless of image)

The natural landscape is "flattened” with photovoltaics (loses its complexity),

which is demonstrated by the scales in the climacogram.

The lake increases contrast in the landscape and presents increased clustering
Wind turbines (usually sited on ridges or plains) increase the contrast of the land-

scape and its complexity overall. In climacograms produced in the analyzes made, as
interesting observation is that the scales of wind turbine landscapes coincide with
the scales of urban landscapes, which also demonstrate visual heterogeneity. In con-
clusion, transformations created to natural landscapes by wind turbines exhibit the
greatest similarity to urban landscape transformations, so, arguably, wind turbines
seem to urbanize/industrialize natural landscapes.
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