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INTRODUCTION

Cities, like any globalized phenomenon, undergo continuous
transformation to accommodate evolving human needs. Each city
possesses a distinct geographical appearance by its unique morphological
structure. This complex structure mirrors the interaction among its
constituent elements, a manifestation influenced by numerous socio-
economic processes, both natural and man-made, which are limited and
shaped (Attoe, 1981; Kostof, 1991; Lynch, 1990). Consequently, the resultant
outcome becomes integral to the morphological evolution of the city
landscape. Such settlements exhibit regular and irregular morphological
configuration, constantly evolving within their spatial confines. As part

of this evolutionary trajectory, cities may alter their boundaries over time
and space, leaving imprints on their morphological structures (Ford, 1994).
Structural change mainly manifest along two axes: vertical and horizontal.
Vertically, there is a trend towards towering structures ascending
skywards, while horizontally, urban sprawl defines the extent of spatial
occupation.

An effective approach to interpreting the geography of cities and
understanding the ramification of these dual processes lies in analyzing
their appearance (Van Cleef, 1932). In other words, examining city
silhouettes offers a straightforward method of identification (Heath et

al., 2000). The skyline, punctuated by towering skyscrapers, minarets,
spires, and other structures attest to the artificial elements that shape the
appearance of cities (Booth, 2012). In addition to man-made elements,
natural elements interact with the cityscape, reflecting the characteristics
of the geographic environment in which a city resides. Present-day cities,
unlike in the past, marked by technological enrichment, organizational
structure, and architectural diversity, notably embodied by the
construction of skyscrapers, have contributed to the emergence of different
urban appearances and complexities that cities exemplify (Abu-Ghazalah,
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2007; Cobanli and Ceylan, 2023; Gottmann, 1966). The more complex cities
are in spatial terms, the more complex their skyline profiles are (Akdag
Girginkaya and Bostanci, 2013).

Yet, there is no consensus on the factors (for example, shapes, geometries,
patterns, and structures) defining the complex appearance of cities, leaving
to diverse studies of cities at different scales and with varied definitions
and approaches. One point of divergence is city skyline profiles, or urban
cardiograms, which are integral to urban morphology, reflecting cities’
dynamics and constantly evolving structure (Bostanci, 2021; Gassner, 2009).
The evolving manifestations of urban areas, contribute to this divergence.
Despite numerous urban/city studies, few have underscored visual
assessment, cityscape character, and structure. Since visual narratives such
as panoramic views and city skylines shape contemporary city definitions,
the components of urban landscapes are also studied within the framework
of visual landscape assessment (Perihan and Asur, 2020). In planning and
design studies, “visual quality” significantly defines landscape components
or their structure (Asur and Alphan, 2018). It encompasses various

factors such as attractiveness, readability, comprehensibility, harmony,
naturalness, complexity, and aesthetics (Ates and Kiper, 2023; Bulut and
Acar, 2017; Kiper et al., 2017; Daniel, 2001; Nadal et al., 2010; Nasar and
Terzano, 2010; Ode et al., 2010; Forsythe, 2009; Tveit et al., 2006; Ulrich,
1986).

Complexity, as a vital component of visual quality, influences visual
assessment since it entails the amount, diversity, configuration, and
interrelationship of various elements, in a landscape (Kalin, 2004). One of
the most debated aspects of urban appearance is visual complexity. While
the complex structures and appearances of cities are sometimes considered
problematic, there is no consensus on when cities attain complexity (Oku,
1990). It is within this discourse that fractal geometry emerges, exploring
the complexity of natural and everyday objects for decades. The emergence
of fractal geometry represents a significant shift in understanding the
complex structures of cities (Batty and Longley, 1994). This geometry not
only introduces cities to a mathematical dimension but also provides a
viable framework for measuring spatial elements. It aids in understanding
order and regularity within seemingly irregular or disordered parts.

With a structure that allows us to explore the functions and processes
shaping natural and man-made structures, fractal geometry refines our
understanding reality more precisely.

Studies on the fractal geometry of skyline profiles has addressed several
key areas. Firstly, it has focused on developing new methods for deriving
horizon profiles for fractal analysis (Ayadi et al., 2016; Chalup et al., 2009;
Chiu et al., 2016; Cooper, 2003; Hagerhall et al., 2004; Keller et al., 1987;
Martinez-Sanchez et al., 2022; Stamps, 2002; Wang, 2016; Yang et al., 2024).
Secondly, it involves evaluating the complexity and aesthetics of skyline
profiles from a human perception standpoint (Oku, 1990). Thirdly, it
includes interdisciplinary studies connecting skyline profile to other city
components (Akbarishahabi, 2021; Cooper and Oskrochi, 2008; Cooper,
2005). The main challenge with these visual morphology studies lies in the
lack of specific standardization. There is no consensus acquiring skyline
profiles, considerations during their derivation, and the perspective and
distance for observing profile that influences their shape and context. This
complexity arises from cities being visual representation of numerous
urban components that reflect their complex nature.
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Like many other cities worldwide, Istanbul has evolved uniquely on
account of its geographical structure. Particularly in the last two decades,
it has undergone significant changes, influenced by neoliberal policies
and globalization dynamics. This transformation process has altered and
introduced new form on the city in addition to its historical appearance,
significantly altering its skyline. The changes in urban space during the
transformation process have produced new spatial contexts in the city
(Gorgiilti and Kaymaz Koca, 2009). In particular, the increasing number
of high-rise buildings has been a major factor in this transformation,
rapidly changing Istanbul’s geographical appearance profile within its
fast-growing urban ecosystem. Over time, the architectural enrichment of
the city has also changed its appearance. The skyline of Istanbul is now
characterized by towers, mosques, historic buildings, modern structures,
skyscrapers, and natural features. In this regard, the research aims to
assess the extent to which these elements contribute to the complexity of
Istanbul’s skyline. Therefore, this study evaluate the visual morphological
complexity of sky-level horizon lines that reduce the urban appearance to
a single line in the case of Istanbul and to identify the structural elements
shaping the city’s appearance. Thus, the study contributes to the growing
research on fractal analysis of urban skyline profiles and adopts a new
approach. Istanbul serves as a case study, offering insight into the complex
and dynamic nature of skyline profiles. Using skyline drawings from
panoramic views taken from Beyazit Tower were divided into equal cells
for analysis. The analysis process compares the values of fractal dimensions
to focus on the complexity levels of the structural elements that affect cell
appearance, objectively demonstrating their impact on the urban skyline.

METHOD AND MATERIAL

In this study, current photographs of Istanbul, captured from the Beyazit
Fire Tower, were used to measure the fractal dimension of its urban skyline
(Figure 1). Photographs, widely utilized in skyline and visual landscape
studies, serve as the primary data source (Polat, 2022). The utilization of
these data sources typically centers around two focal points: street-level
imagery and sky-level imagery. This dichotomy emerges from the different
perspectives through which the visual landscape can be perceived or
modeled: the human (place) perspective, reflecting how people typically
experience their surroundings (walking, standing, etc.), and the aerial
perspective, projecting the landscape vertically from above (Misthos et

al., 2023). Factors such as the size, depth, and clarity of the visible area
informed the choice of the focal point. The Beyazit Fire Tower was selected
as a reference point in the study because of its unobstructed view of the
relevant urban center of Istanbul and its elevated position, which makes it
easy to have a comprehensive perspective of the cityscape.

The skyline drawings used in the study represent the outlines of the
points where all natural and man-made elements in the urban space meet
the sky (Hagerhall et al., 2004). All components, such as electricity poles,
trees, antennas, flags, minarets, chimneys, and tower cranes, identified

in the landscape as seen in the photograph are included in the skyline.
Seven separate photographs, each with a resolution of 6000x4000 pixels,
were used for generating horizon line drawings in the study (Figure 1).
These silhouette drawings were created using Adobe Illustrator, a vector
graphics editing software (Figure 2). The obtained photographs were
processed in Image] software to prepare them for analysis, ascertaining
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Figure 1. Sources of data used in the study

data readiness (Figure 3). Within the scope of the study, 29 different
horizon line drawings were created by segmenting the drawn horizon
line profiles into uniform parts based on pixel values. To calculate the
fractal dimension of the horizon line, Image] digital imaging software and
Fi - ) the FracLac fractal analysis plugin were utilized to analyze the skyline
igure 2. Process of creating city skyline ) . ) .
profiles profiles (Karperien, 2015; Schneider et al., 2012). Unlike other programs,
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Image] offers several advantages for fractal analysis, featuring a user-
friendly interface that accelerates the analysis process. Functions such

as photo conversion to black and white (binary) format, background
definition, and designing properties associated with the analysis process,
are facilitated. Fractal analysis was performed using the box-counting
method, well-suited for analyzing complex textures with varying degrees
of self-similarity in studies of silhouette profiles across different scales
(Oku, 1990). This mathematical technique is commonly used to measure
the fractal dimension of horizon profiles (Chalup et al., 2009; Stamps,
2002; Cooper, 2003). Several factors including the black and white area,
image position, line thickness, and image quality may affect the calculation
process in the box-counting method. To rectify these, the available data
were standardized before analysis (Ostwald and Vaughan, 2013).

The FracLac plugin utilizes the box-counting method, with the grid scale
set as the default sample size and the maximum box size limited to 40% of
the horizontal profiles. To increase the results reliability, calculations were
conducted at 10 different grid positions. The fractal dimension of horizon
profiles was obtained by averaging measurements taken with different box
sizes and grid positions. Essentially, the fractal dimension concept involves
dividing the horizon into smaller grid boxes and counting the number

of boxes intersected by the lines. The fractal dimension is then calculated
based on the ratio between the number and the size of the obtained fields.
The skyline’s fractal dimension is calculated using the formula DB=(logN2-
logN1)/(logS2-logS1), where DB represents fractal dimension, N signifies
the number of boxes intersected by the skyline, and S denotes the box

size. This fractal dimension serves as a metric for the complexity of the
skyline; with higher values indicating greater complexity and lower values
suggesting less complexity.
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THE ESSENCE OF FRACTAL GEOMETRY AND URBAN HORIZON
LINES

The fundamental understanding of fractal geometry, dating back to
Mandelbrot, is based on the idea that while the physical surface of the
world seems chaotic, discontinuous, and irregular, underneath lies an
organized and infinitely complex order (Mandelbrot, 1989). The term
“fractal,” from the Latin verb “frangere,” means broken and irregular
(Mandelbrot, 1983). Fractals that closely follow the self-similarity rule at
various scales are often observed in natural objects. The fractal dimension
(D) allows the degree of irregularity of a shape or entity to be measured
and represented, with values ranging between the Euclidean dimensions
of one, two, and three. Unlike regular Euclidean shapes like squares and
circles with integer dimensions, the non-integer nature of fractal dimension
fascinates many mathematicians. The dimension, represented by D,

is a fractional number that indicates how much a structure exceeds its
base dimension to occupy the next dimension (Hagerhall et al., 2004). In
essence, fractal dimension measure how effective an object fills the scape

it occupies (Cooper, 2003). Accordingly, the fractal dimension of a line
ranges from above one to two, while that of a surface extend from two to
three. Mandelbrot stated that fractal geometry closely relates to geography,
as it involves the mathematical representation of natural features such

as coastlines and mountain ranges (Mandelbrot, 1989). Subsequent

studies have extended fractal geometry’s application, especially in urban
geography since the 1990s (Batty and Longley, 1994). Fractal analysis
serves as a mathematical technique that allows for the study of complex
systems in urban and natural environments using quantitative measures.
At its core, fractal geometry depends on self-similarity, wherein a shape or
pattern appears similar across different scales. This concept is often used
in urban studies, especially for analyzing systems that shows repetition
and self-similarity, like branching patterns in trees or street networks in
cities. The application of fractal analysis cuts across various urban research
areas, including spatial distribution analysis, comparative studies of urban
systems, assessment of urban density and complexity, and evaluation of
aesthetic potential.

Fractal geometry finds several applications in urban geography, one

of which is the measurement of fractal dimensions of skyline profiles,

the focus of this study. While this approach offers a new method for
measuring the appearance of cities, it also presents some implementation
shortcomings. Regardless of its importance as a tool for assessing the visual
complexity of urban landscapes, there is no common theoretical framework
across studies. In essence, the development of urban skyline profiles
reflects a significant component of both planned and unplanned urban
growth, intertwined within spatial and temporal contexts, and visually
represented through skyline profiles. The complex nature of skyline
structures has made it difficult to understand their shapes, processes,
scales, and forms. Fractal geometry offers a solution to this complexity

by measuring the fractal dimension of the linear structures that form
skyline profiles, taking into account their irregularity and diversity. Unlike
traditional geometric approaches that assume regularity and simplicity,
fractal geometry provides a better understanding of the complexity and
irregularity of urban phenomena. In short, the fractal dimension assessed
in this study is a quantitative expression of the irregularity or complexity of
urban phenomena.
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Figure 4. Relationship between skyline and
fractal dimension according to different
studies (Cooper, 2003; Giizel et al., 2021;
Yilmaz et al., 2022)

The horizon line of a city holds significant symbolic meaning, unfolding
across generations. The morphological features of the city and the resulting
horizon line are tangible reflection of the degree of urbanization. In other
words, a city’s appearance, observed in its horizontal line, reflects its
organization at a particular time and place, shaped by cultural processes,
including social, economic, and political institutions, societal structures,
technologies, and the values it holds. These lines, which represent

cities, lend themselves to fractal analysis because of their structural
characteristics. Fractal dimension serves as a useful tool for illustrating
the complexity or roughness of horizon lines. Cities, with their different
structures are unique, manifesting self-similar spatial organization. This
common feature emerges between horizon lines and fractal geometry,
both capturing the complexity and uniqueness of a city. While horizon
lines serve as a visual representation of a city’s built environment, fractal
dimension presents a mathematical measure of irregularity, roughness,
and complexity. This measure allows for the evaluation of various cities
and their horizon lines across temporal and spatial scales, enabling the
assessment of cities with diverse spatial structures collectively. The
relationship between horizon lines and fractal dimension demonstrates
the role of mathematics in understanding the complex patterns of urban
structures and highlights the importance of interdisciplinary approaches in
the study of cities.

The box-counting method utilized in this study produces a fractal value
ranging between one and two, indicating the fractal dimension. As this
number approaches 1, it indicates the absence of fractal geometry, instead
exhibiting simplicity, plainness, and similarity to Euclidean geometry, with
low visual complexity. In contrast, as the value approaches 2, the depth and
complexity of the features increase. In terms of richness of detail, a final
value close to 2 indicates a texture with a highly and complex structure.
However, a value close to 1 shows a simpler structure with low complexity
(Turan, 2022; Aydin, 2016). In essence, as illustrated in Figure 4, the object
becomes more complex and detailed as the fractal dimension increases
linearly from 1 to 2 (Figure 4).

1,02
S

1,33 1,55 1,90

[l

1,00 1,10 1,20 1,30 1,40 1,50 1,60 1,70 1,80




84 METU JFA 2024/1 FURKAN TAHA COBANLI

MALTERE!

Figure 5. Location of the study area and FRACTAL DIMENSIONS OF ISTANBUL’S URBAN HORIZON LINES

photo zones
The exploration of fractal dimensions in urban horizon lines is still
relatively limited but offers fascinating possibilities. In this regard, Istanbul,
with its rich urban fabric and unique geography, presents a special urban
setting for assessing these dimensions. This section focuses on the fractal
dimensions of Istanbul’s urban horizon lines, identified from the reference
point of Beyazit Fire Tower (Figure 5). The analysis of the urban horizon
lines utilized box-counting method.

Table 1 presents the fractal dimensions of Istanbul’s horizon lines and
the corresponding photozones, where the horizontal lines were identified
using the box-counting method. The fractal analysis performed revealed
different fractal dimensions, ranging from 1.0731 to 1.2171 (Table 1). This
information suggests that fractal dimensions and associated structural
elements can be used to characterize the complexity and features of
different city views in Istanbul, especially concerning architectural and
natural features (Figure 6).

To assess the values of the obtained fractal dimensions according to their
regions;

Horizon Line Zone 1

This zone encompasses both natural and human-made elements, resulting

in a horizon line characterized by diverse elements. The fractal dimensions
within this zone range from 1.0731 to 1.2171. The horizon lines here are
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Main Lower Fractal
Horizon Horizon Dimension
Line Zone Line Zone (Fd)
1.1 1,1222
1.2 1,1756
1.3 1,1467
1 14 1,0731
1.5 1,1288
1.6 1,108
1.7 1,2171
2.1 1,1645
2.2 1,1147
2 23 1,1702
2.4 1,1552
3.1 1,1767
3.2 1,1609
3 3.3 1,192
34 1,1607
4.1 1,1521
4.2 1,1555
4 4.3 1,1755
4.4 1,1303
4.5 1,1614
5.1 1,0977
5.2 1,1233
5 5.3 1,135
5.4 1,1303
5.5 1,1181
6.1 1,0988
6.2 1,1044
6 6.3 1,1377
6.4 1,1481

Table 1. Values of the fractal analysis for the

zones of the horizon line

Figure 6. Urban horizon lines of istanbul
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shaped by various natural and human-made structural elements such

as Camlica Tower, Camlica Mosque, skyscrapers in Umraniye, Atagehir,
and Uskiidar, as well as natural geographical features like Kayisdagi and
Aydos Mountains. The highest fractal dimension value recorded in the
study is found in sub-zone 1.7, corresponding to the horizon line created
by Camlica Mosque. The higher fractal dimension of the horizon line in
the sub-zone 1.7 can be attributed to its architectural features characterized
by sharper lines, its organic structure, and its location, all contributing to
its dynamic appearance. Following closely are the horizon lines created by
skyscrapers in Atasehir, Umraniye, and Uskiidar with the second highest
(1.1756) and third highest (1.1467) fractal dimension values, respectively.
These horizon lines follow the natural texture found in Camlica Hill. The
fractal values within this zone are 1.1288, 1.1222, 1.108, and 1.0731. Natural
lines in this zone represent areas with the least complexity in visual
appearance, while the horizon line created by Camlica Mosque and vertical
structures stands out as the most complex elements. Thus, contributing
significantly to the dynamic visual appearance. This zone represents both
the highest and lowest levels of complexity.

Horizon Line Zone 2

The fractal dimension values in Horizon Line Zone 2 range from 1.1147

to 1.1702 in this region, which is dominated by the natural environment.
Most of the skyline lines in this zone are shaped by the slopes situated in
Beykoz. The upward structures in Beykoz, explicitly the high rises, disturb
the normal skyline line (2.1). Situated in a sloping region within the normal
surface, these designs serve as the main human-made components that
disturb the regular organization of the skyline line. Sub-zone 2.2, presents a
level and smooth appearance formed by the geography, lessening intricacy.
However, the variations in topography, including slopes and the inclusion
of the Bosphorus Bridge on the horizon line, contributes to the complexity
in sub-zones 2.3 and 2.4.
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Horizon Line Zone 3

The fractal dimensions in this area are 1.1767, 1.1609, 1.192, and 1.1607.
Skyscrapers constitutes the majority of the associated structural elements,
with the vertical structures located in the middle section of the horizon

line havingfractal dimensions of 1.192 and 1.1609. Skyscrapers in Sisli,
Kagithane, Besiktas, and Sariyer contribute to the visual complexity in this
area, making it the second-highest visual complexity area after Zone 1 in
the study. Despite interrupted vertical development towards the northwest
in the visual composition, the city structures in this area, shaped by
topography, create a more irregular appearance. Furthermore, the inclusion
of natural landscapes in the northeast prevents an onward increase in
visual complexity in this area.

Horizon Line Zone 4

The fractal dimensions in this area range from 1.1521 to 1.1755. Mosques
located in the Historical Peninsula and the structures in Zeytinburnu,
Esenler, and Bagcilar in the northwest contribute to shaping the horizon
line. Particularly in the central section that forms the horizon line, the
complex appearance created by structures with different heights is notable.
In Zone 4.3, where the highest fractal dimension is observed, the flag in
Edirnekapi, the minarets of Fatih Mosque, and the Tekstilkent (Koza) Plaza
in Esenler contribute to the complexity of the horizon line. Sub-zones 4.1
and 4.2 exhibits a complex visual composition created by structures of
varying heights along the Basin Ekspres Avenue. In Zone 4.4, the decrease
in complexity indicates a more stable horizon line, but in Zone 4.5, the
presence of another vertical structure (Viaport Venezia) leads to an increase
in the complexity of the horizon line.

Horizon Line Zone 5

The fractal dimensions in this area range from 1.0977 to 1.1303. Shaped
by the structures in the Historical Peninsula and other districts in the
northwest, this zone exhibits a dynamic horizon line. In Zone 5.1, the
regular mass housing structure reduces complexity. On the other hand, in
Zone 5.2, where a linear horizon line continues, the presence of minaret
increases complexity. Zones 5.3 and 5.4 display a mixed appearance with
a combination of mass housing and skyscrapers outside the city walls. In
Zone 5.5, the minimal height differences between the structures along the
horizon line result in a fractal dimension of 1.1181.

Horizon Line Zone 6

The fractal dimensions in this area range from 1.0988 to 1.1481. This zone,
shaped by structures with varying heights throughout the city, experience
a gradual increase in complexity from the southwest coastline to the
inland. The lowest complexity (6.1) is observed in the appearance created
by mass housing along the coastline. In Zone 6.2, the introduction of 16/9
skyscrapers alters the horizon. Zones 6.3 and 6.4 exhibit a dynamic horizon
line formed by mass housing and other urban structures located outside
the city walls.

DISCUSSION AND CONCLUSION

In the past century, humanity has experienced significant urbanization,
with cities now hosting more than half of the world’s population. This
urbanization, has significantly changed, the appearance of cities, with
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acceleration in vertical construction due to increasing population.
Skyscrapers, as seen in Chicago and New York in the past, and currently
prominent in Dubai, serves as concrete manifestations of urban vertical
growth in Istanbul. Despite the growing importance of tall buildings in
both local and national economies, there remains a deficit of understanding
regarding how vertical development affects the visual appearance and
horizon lines of cities. It is within this context that this study focused on the
horizon lines of Istanbul and their level of complexity.

As cities experience growth and transformation, their horizon lines also
evolve. This study illustrates, using fractal geometry and the example
of Istanbul, that the horizon line is an effective tool for comprehending
the intricate visual morphology of cities. Horizon lines also serve as
representation of city’s natural and human-made structures. The texture
of these lines, which can range from simple geometric patterns to
complex ones, reflects the complexity resulting from urban growth. The
fractal dimension serves as a parameter for grasping this complexity and
obtaining quantitative results. Using this approach, alterations in fractal
values in Istanbul’s horizon line have been associated with structural
components in urban space.

One architectural elements that complicates Istanbul’s horizon line is

the Camlica Mosque, situated on Camlica Hill in the northern part of the
city. Additionally, the highest (Zone 1.7) and lowest (Zone 1.4) fractal
values were obtained in the first urban horizon line zone. This zone
encompasses both natural and urban landscapes, including the highest
morphological units of Istanbul, such as Kayisdagt and Aydos mountains.
In this section where natural elements form the horizon line, complexity
is at its lowest. The zones with highest fractal values are located in the
north (Zone 3.3) and east (Zone 1.2) directions, containing the horizon lines
formed by skyscrapers. Skyscrapers, being the highest products of vertical
construction, serve as secondary structural elements that accentuates the
complexity to the horizon line.

Understanding and evaluating the fractal dimensions of urban skylines in
terms of structural components, as shown in this study, helps in perceiving
the subtleties of visual morphological complexity of the city. This
understanding is crucial because it allows us to comprehend the patterns
and complexities that shape the built environment, thereby determining
decisions concerning basic features such as building heights and spatial
arrangement that affect the overall visual morphology of cities. This study
evaluates the elements that complicate the urban appearance in Istanbul,
aiming to enhance our understanding visual quality as a significant
component. By distinguishing vertical spatial organization patterns

and identifying the basic features and components influencing urban
appearance, this evaluation contributes to urban architectural design and
spatial planning processes. This is important for urban planners, architects,
and urban geographers as it provides insight into the spatial organization
and visual quality of urban environments.

The study has demonstrated, through a unique approach that fractal
analysis effective serves as an analytical tool for understanding urban
skyline patterns. The results of this method not only provide an analysis
of the current state but also has the potential for comparing urban
appearances and creating effective horizon lines or silhouette plans.
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In urban planning and design, utilizing the nuances of the skyline can help
create less complex urban vistas. Designers can consciously alter building
heights, densities, and spatial configurations by understanding the fractal
dimensions of silhouettes and the structural components of the city. This
understanding can foster visual harmony and consistency. For instance,
within the study’s scope, could a design be developed for skyscrapers,
such as the tallest examples of vertical architecture that blends seemingly
with the existing skyline without adding further complexity to the city

or region’s skyline? Similarly, could an architecturally compatible design
be created by considering the natural morphological features of the area,
taking into account the skyline shaped by prominent landmarks such as
the Camlica Mosque highlighted in the study? In line with these examples,
an application-oriented approach could contribute to the development

of less complex and sustainable urban landscapes by characterizing the
morphological complexity of the urban skyline.

Among the study’s limitations are issues pertaining data resolution,
variations in urban shapes across different geographic zones, and the
dynamic nature of urban landscapes. These factors make it challenging

to accurately measure and interpret fractal dimensions over time. To
overcome these constraints and challenges, drones can be utilized

to capture primary source imagery. The precise control and flexible
maneuverability offered by drones will enable comprehensive photography
of urban areas at various scales.

For future research endeavors aimed at better understanding how horizon
line analysis influence urban planning objectives, enhancing measurement
resolutions, evaluating horizontal and vertical morphological development
concurrently at street and sky scales, and incorporating additional variables
such as socioeconomic factors could prove beneficial. Furthermore,
integrating perspectives on issues such as sunlight exposure and access to
clean air, arising from distorted urban development, could be incorporated
into the study from various angles.
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FRAKTAL ANALIZ ILE GORSEL KARMASIKLIGIN BOYUTLARLI:
iSTANBUL’UN SEHIRSEL UFUK CIZGILERI UZERINE BIR VAKA
CALISMASI

Kentsel ufuk ¢izgileri zaman ve mekan dlgeginde degisen kosullar1
yansittiklari i¢in dinamik yapiya sahiptirler. Bu dinamik yap1 ayn1 zamanda
kentlerin gorsel niteliklerini ve karmagikligini degerlendirebilmek icin

bir kentsel bilgi arac1 olma potansiyeli tasimaktadir. Bu makale, fraktal
analiz yoluyla gergeklestirilen kentsel ufuk ¢izgileri ¢calismalarina
Istanbul {izerinden yeni bir metodolojik bakis agisi sunar. Son 30 yilda
kentlerin morfolojik 6zelliklerini 6l¢gmek i¢in bir dizi hesaplama teknikleri
gelistirilmistir. Bunlardan en bilineni ve en yaygini olarak fraktal analiz,
gorsel veriler vasitasiyla elde edilen kentsel ufuk ¢izgilerinin karmasik
yapisini analiz etmek icin ¢alisma kapsaminda kullanilmistir. Calisma,

ilk olarak, Istanbul'un giincel kentsel ufuk gizgisini ortaya koymak ikinci
olarak ise bu ufuk cizgisini sekillendiren unsurlarin goriiniime olan
etkilerini fraktal geometri yoluyla 6l¢gmeyi amaglamaktadir. Bu amag
kapsaminda kullanilan kutu sayimu ile dlgiilen fraktal boyut, kentsel

ufuk cizgilerinin karmasikligini aciklamak igin kullanilan bir metriktir.
Beyazit Yangin Kulesi'nin referans noktasi kabul edildigi bu ¢alismada,
kent panoramalarindan elde edilen ufuk ¢izgilerinin fraktal boyutlar:
Image] Programi ve FracLac eklentisi kullanilarak hesaplandi. Calisma
kapsaminda gerceklestirilen ufuk cizgilerinin fraktal analizi sonucunda
1,0731-1,2171 araliginda fraktal boyutlar elde edildi. Ufuk cizgileri

ile egilimleri giil diyagrami araciligtyla sunulmakta ve fraktal analiz
sonucunda sehrin goriiniimiinii en fazla karmasiklastiran iki ana unsurun
oldugunu gostermektedir: biri cami, digeri ise gokdelenler.

A CASE STUDY ON THE URBAN SKYLINES OF ISTANBUL:
DIMENSIONS OF VISUAL COMPLEXITY WITH FRACTAL ANALYSIS

Urban skylines have a dynamic structure because they reflect changing
conditions in time and space. This dynamic structure also has the potential
to be an urban information tool for evaluating the visual qualities

and complexities of cities. This article presents a new methodological
perspective on urban skyline studies through fractal analysis in Istanbul.
In the last 30 years, several computational techniques have been developed
to measure the morphological characteristics of cities. Fractal analysis, the
most well-known and widespread of these, is used in this study to analyze
the complex structure of urban skylines obtained through visual data. The
study aims to first expose the existing urban skyline of Istanbul and then
assess the influence of the factors influencing this skyline on its appearance
by using fractal geometry. The fractal dimension, measured by the box
count is used for this purpose and that is a metric used to describe the
complexity of urban skylines. In this study, in which Beyazit Fire Tower

is accepted as the reference point, the fractal dimensions of the skyline
obtained from urban panoramas are calculated using the Image] Program
and FracLac plugin. As a result of the fractal analysis of the skyline, fractal
dimensions in the range of 1,0731-1,2171 were obtained. The skylines and
their trends are presented through the rose diagram, and fractal analysis
shows that two main elements complicate the appearance of the city the
most which are: mosque and skyscrapers.
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