Analyzing the Changes of Bosphorus Silhouette
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Abstract. Due to improving technology and global competition today sky is
the only limit for high towers of metropolitan areas. The increase in number
of high rise has been ruining the silhouette of cities all over the world like
Istanbul, whose identity and image have also been destroyed by skyscrapers
dominating the seven slopes on which it was once built. The urbanization in
Istanbul has somehow become homogenous and destructive over the topography.
Despite of raising debates on the critical issue now and then, no analytical
approach has ever been introduced. The research therefore, aims to analyze the
change of Bosphorus silhouette caused by the emergence of high rise blocks in
Zincirlikuyu-Maslak route since it was defined as a Central Business District and
a high rise development area by Bosphorus Conservation Law in 1991. ArcGIS
Desktop software and its analyst extensions are used for mapping, analyzing and
evaluating the urban development within years. The application is considered
to be the initial step for a decision support system which will assist in assigning
ground for high rise buildings in Istanbul.
Keywords. GIS; Bosphorus; silhouette analysis; high rise buildings.

Introduction
In traditional Turkish architecture, several written
and non-written rules used to regulate the silhouette of the city. On shaping the neighbourhood,
the sound of the mosque had to be heard from
the vicinity. On shaping the street, the mansion
was erected in the corner at first and all the other
houses were built stepping backwards. Elevations
would never exceed the regular eaves height. Oke
(1991) remarked that from the historical silhouette
of Istanbul it was obvious that the city had been the
centre of a military empire and religion had had a

very significant force that was revealed in mosques
and palaces. The silhouette reflected the social and
economical structure of the city then. The modern
planning concepts came up later. In initial practices,
no need was felt to obtain building height as a constraint. In the course of time, planning has attained
an understanding of fulfilling building rights rather
than regarding rules to coordinate publicity (Konuk,
2008). Between the various factors that change the
city and it’s silhouette in time, building facilities held
by Prost (1936-1937), Menderes (1956–1960) and
Dalan (1984–1989) have had even more destructive
results than natural disasters (Cavusoglu, 2007) .
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Today, the legal policy about silhouette conservation in Istanbul is limited with Historical Peninsula.
In 1934, Turkish government invited French architect and planning authority Henri Prost to develop
solutions for protecting the historical silhouette and
artifacts. The plan, Prost developed for the Historical
Peninsula, aimed to expose historical artifacts within
their own surrounding and display them as a whole
whilst being perceived from various distances. Thus,
by enabling the construction of senior buildings, that
carry symbolic meaning for the public, and restricting recent buildings to three storeys over 40 meter
sea level, which was the common ground for the majority of historic monuments, Prost determined the
plan which today is still valid (Aydemir, 2008).
During the urban interventions, which were
started in 1956’s by Prime Minister Menderes, Turkish
architect and urban planner Kemal Ahmet Aru based
the new city plan on vehicle traffic. This effort was
fiercely criticized by architecture historian Gunkut
Akin (2003) who claimed that every intervention to
the city had indeed been tabula rasa’s capture. The
plague had been flattened and prepared for the skyscraper. While the master plan of Beyoglu was being
made, for the modernization of the city the initial
three skyscrapers’ locations, dimensions and heights
had already been determined.
1980’s are megapolization period, when Istanbul’s appearance changed rapidly. Two specific
‘concrete monsters’ named Park Hotel and Gokkafes
triggered capital-driven planning of several high
rise blocks and demolition of Bosphorus and Halic
sea shore. The huge urban development and regeneration projects became trendy after 2000’s and
transformed the geography of thousands of years.
Since 2003 both national and international capital
has been attracted to Istanbul since profibility has
increased.
With the effects of globalization reflecting on urban space, tall buildings since 1950’s have become
geographic phenomenon of cities around the world.
Gottmann (1967), suggested that tall buildings started to become dominant in the silhouette of cities
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and some cities were even affiliated with their high
blocks. Despite their magnificent, dominant and
modern postures enriching the city, these blocks
brought many physical, economical, psychological
and sociological problems on issues such as; conservation, urban landmark, silhouette and strategic
viewpoints, climatic effects etc.
Understanding the relationship between man
and environment has become a multi-disciplinary
problem. Architects, city-planners and developers
seek to understand the visual impacts of built environment on people. Computer-based mathematical
models allow measurability and hence carry important potentials for the evaluation of urban aesthetics. Among these several objective approaches are
fractal geometry, space syntax, entropy and fuzzy
logic etc. (Health, Smith and Lim, 2000, Mak, Yip
and Lai, 2005, Bostanci, Ocakci and Seker, 2006,
Cooper and Oskrochi, 2008, Crompton and Brown,
2008, Ostwald, Vaughan and Tucker, 2008, Chalup,
Henderson,Michael and Wiklendt, 2009) Through
visual character assessments, these mathematical
models can determine the visual complexities of
physical elements and environments and relate this
quantitive data objectively with aesthetical qualities
of the cities. For instance as a basic mathematical approach, the major metropolitan cities in the world
with uniquely identifiable skylines were ranked by
Emporis, the leading company for building data on
a worldwide basis. Drawn entirely from statistics in
their database, completed high-rise buildings were
assigned points based on their floor count. The
point total for each city was calculated automatically
and displayed (Table 1). Between the mega cities
throughout the world, Istanbul turned out to have
the 29th most impressive skyline.
Between the various analytical approaches for
visual impact assessment of skylines, in the research
ArcGIS Desktop software and its analyst extensions
are used for the mapping, analysis and evaluation
phases [3]. The findings from the model are discussed on the context of introducing new planning
criteria for high rise that are peculiar to the specific

Table 1
Points Based on Floor Count
and City Skyline Ranking on
www.emporis.com [1].

topography and unique silhouette of the Bosphorus.
The application is considered to be the initial step
for a decision support system which will assist in
assigning ground for high rise buildings in Istanbul
(Figure 1) and cities worldwide where silhouette is of
primary concern.

Visualizing the Effects of High Rise in a
GIS
For determining the changes in Istanbul city
Figure 1
Changing Silhouette of
Istanbul City on www.arkitera.com [2]

silhouette, a ten year period around the year 2000
when high rise became an extremely popular means
of building was picked and the before and after
were modeled as two different cases. In both models, quantitive method and 3D simulation for visual
impact assessment were integrated by customizing
ArcGIS Desktop with spatial analyst and 3D analyst
extensions together with a geodatabase. The area
of study was limited to the central business district
along Buyukdere Caddesi in between Zincirlikuyu
and 4th Levent with the first ten highest of surrounding buildings which were included in the geodatabase (Table 2).

Data Preparation and Construction of GIS
Model
Master plan data dating 1999 and 2008 were obtained from Istanbul Metropolitan Municipality
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Table 2
The Highest 10 Buildings
Along Büyükdere Caddesi
(Data obtained from www.
emporis.com)

Planning Department as Levent region 1/1000 scale
maps in CAD format. Although ArcGIS has a specific
extension for the import of CAD data, the data structure in GIS and CAD are totally differentiated thus
made it compulsory to customize the imported data
from CAD to be GIS style. Hence following steps were
followed in order to construct both models (Figure
2):
• Two distinct personal geodatabase folders, one
for 2008 and the other for 1999, were created in
ArcCatalog.
• CAD files with .dgn format were imported in
ArcMap followed by the formation of point feature classes for elevation points, polygon feature
classes for buildings and point feature classes for
storey numbers.
• Feature classes for buildings were spatial joint
with point feature classes for storey numbers
so that the height data was linked with the 2 dimensional building coordinates.
• Using point feature classes for elevation points,
818

eCAADe 28 - City Modelling

•

•

three dimensional TIN (terrain) was created in
ArcScene.
The spatial joint building layers were added to
ArcScene as layers and located over the TIN by
defining their base heights as the TIN itself.
The spatial joint buildings including storey number data were extruded by a standart storey
height of 3.5 metres.
Figure 2
ArcGIS Modeling of
Buyukdere Caddesi 2008

•

•

•

•

In order to make the ten selected buildings
identifiable in the overall silhouette the solid 3d
geometries in the models were to be replaced
with textured 3d sketch up models. The sketch
up models were downloaded from sketchup.
google.com/3dwarehouse/ and via ArcGIS for
SketchUp 6 plugin each were georeferenced in
SketchUp6 and exported as Multipatch features
to related geodatabases in ArcGIS Desktop [4].
An excell table including the verbal information
about the selected buildings was created in ArcCatalog and linked with relevant geometries so
that a database for essential future queries was
constituted.
The silhouettes from four main directions in
both models were viewed and compared to
figure out the change in the overall silhouette
within 10 years time.
The 3d spatial analyst extension of ArcMap was
enabled and viewshed and line of sight analysis
were performed to in order to study the spatial

transformation due to high rise building.

Analysis for Visual Impact Assessment in
ArcGIS
The topography of today’s city can not simply be
defined with ‘Profile Graphs’ extracted from its terrain (Figure 3). The city needs a new geographical interpretation due to the complex formal, spatial and
semantic relations aroused between place and built
forms. The new identity of Istanbul’s skyline shaped
by the plasticity and dimensionality of tall buildings
which have been built within the recent ten years are
displayed below with results of the quantitive analysis done in ArcGIS models.

Formal Analysis in ArcGIS: Silhouette Extraction
The skyline development in Istanbul is represented

Figure 3
Profile Graph Extracted From
TIN in ArcCatalog
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below by three dimensional modelling functions
of GIS (Figures 4,5,6,7,8,9,10,11). The before and after silhouettes carry important potentials for future
stages of the research in terms of evaluation of urban
aesthetics and visualization and testing of proposed
urban design guidelines over the silhouette.

Quantitative Analysis in ArcGIS

Figure 4
Sillhouette from Zincirlikuyu
to Maslak, 1999;

Figure 5
Silhouette from Zincirlikuyu
to Maslak, 2008

Among the several analysis tools ArcGIS includes for
quantitive analysis of visual impact assessment, view
shed and line of sight calculating was performed to
Figure 6
Silhouette from Gayrettepe to
Levent, 1999

Figure 7
Silhouette from Gayrettepe to
Levent, 2008

Figure 8
Silhouette from Maslak to
Zincirlikuyu, 1999
Figure 9
Silhouette from Maslak to
Zincirlikuyu, 2008

Figure 10
Silhouette from Levent to
Gayrettepe, 1999

Figure 11
Silhouette from Levent to
Gayrettepe, 2008
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reveal the new spatial relations formed by the high
rise in the surrounding.
Viewshed Analysis:
Viewshed analysis reveals the extent of visibility of
the development to its surrounding including all visible or invisible area in the city from given viewpoints
or view corridor. It is useful for applications in which
the visibility of an object is important such as finding well-exposed places left in between buildings
for possible visual improvements or landmarks. The
visibility results below reveal the changing extent of
visual penetration from Buyukdere Caddesi into the
inner areas due to building facilities in between 1999
and 2008 (Figure 12).
Line of Sight Analysis:
Line of sight analysis in Arc Map shows what parts
of a surface are visible and what parts are hidden
along a line from an observer point to a target point.
This tool can be quite efficient in marking the tall
buildings if whether they obstruct any view corridors leading to a specific route, to an open space
and greenery, to a waterfront, to a heritage building
or hinder any wind corridors. The line of sight along
Buyukdere Caddesi was calculated from the perspective of a two meter tall observer moving through the
route (Figure 13). In final graphics, green segments
showed areas that were visible from the observer
point and red segments that were hidden from the
observer.

Though the line of sight and all building geometries were defined as three dimensional entities in
the space, the results displayed the visibility relationships only over the TIN and ignored the rest of the
layers along with buildings whose incorporation was
unextricable for such an analysis. It became apparent that line of sight analysis in ArcGIS 9.3 needs to
be improved in such a way that all three dimensional
geometries can be interpolarated in the analysis together with the TIN.

Geodatabase
The spatial objects stored in the Database Management System were the highest ten buildings which
were classified according to their respective heights
in the selected zone. From www.emporis.com, the
world’s database for buildings on the Internet, detailed information about other architectural pecularities of the buildings were acquired and the data
which contribute to their scene character, such as
year of completion, usage type, construction type,
facade system, architectural style, designer and contractor were added to the geodatabase. Owing a rich
collection of spatial data, the model became capable
of applying sophisticated rules and relationships to
the data and define advanced geospatial relational
models (Figure 14).

Figure 12
Viewshed Analysis Along
Buyukdere Caddesi in 1999
and 2008

Figure 13
Line of Sight Analysis Along
Buyukdere Caddesi in
ArcMap
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Conclusion
The method introduced here describes an initial step
for establishing a decision support system which will
test and evaluate phases of assigning ground for
high rise buildings in Istanbul. The future work will
concentrate on superposing urban design guidelines on the specific topography of the city and
discuss their consequences on the silhouette. The
great variation of the skyline within ten years time
has revealed the fact that the need for a systematic
approach for preserving the identity of the city is
urgent since ‘’The silhouette is more than just our
own inheritance. It is something we hold in trust for
future generations. This comprises a certain undertaking, the assumption of certain responsibility, a
certain endeavour.’’ (Izberk, 1986)
On this respect, GIS technologies with their
standards-based platform for spatial analysis, data
management, and mapping carry significant potentials for urban designers, planners and architects.
These tools commit the efficient medium where
new planning criteria for high rise that are peculiar
to the specific topography and unique silhouette of
cities can be developed, tested and evaluated. The
methodology of pre-testing urban planning and design principles on GIS modelings may also be useful
in achieving the introduction of more open space
and greenery to the cityscape, the consideration of
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view corridors, wind corridors and access to the waterfront, the design of more effective forms for high
blocks and the preservation of heritage buildings
which are reflected on the skyline of the city.
GIS technology is criticised by planners for lacking social context due to its mimetic language and
alineating character (Lejano, 2008). However designers have come up with new ideas which combine
these mathematical models with the social relationship between places and people in them. The
method introduced here considers the silhouette
of the city from the planning and design medium
but inevitably it will have social and psychologic impacts on the space and the people in the city as well.
Therefore, the decision support system for silhouette
control of cities will inevitably require new insights
from various other perspectives and disciplines.
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