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ABSTRACT: Istanbul, being one of the oldest and crowded cities in the world bridging the Asia and Europe continents,
is ranked as the 15" populated mega city among the 75 largest metropolitans in the world as a result of the rapid population
growth since the year of 1950. The stated growth caused a significant need for housing, therefore new settlements have
been built in and around the city threating water resources, protected areas, and sensitive lands such as agricultural areas,
forests, wetlands in the city. As a result of these adverse developments, the Bosphorus zone, which has a historical and
geographical importance for Istanbul, was declared as a protected zone for stopping the threat of unplanned urbanization
along the Bosphorus. The Bosphorus area were divided in to two protection zones as Back View and Front View Zones by
the laws in terms of the stated protection plan. The main goal of this study is to examine the changes in settlement areas in
the protected zones of Bosphorus specifically in Sariyer District. In this context, Landsat imageries dated 2005 and 2017
were used to determine the urban sprawl during 12 years in the protection zone of Bosphorus. The results of the study
introduced 10% decrease in the forest and green lands from 2005 to 2017 while 8% and 11% increase in settlements and
the other land use classes respectively. In order to perform more detailed analyses of this change, a detailed study was
performed for Front and Back View Zones of Bosphorus in Sariyer district using 2005 and 2017 dated IKONOS satellite
images. The map of Sariyer district produced in 1960 was considered as the reference data source as well as image for
detecting the changes in the study area during 57 years in two periods. The results of the study outlined that the settlements
in the study area increased 173% and 142% for two periods from 1960 to 2005 and from 2005 to 2017 respectively. The
increase in settlement areas caused a decrease in forests and green lands in the study area. In particular, the study introduced
the illegal settlement area increase in the protection zones of the Bosphorus based on the Bosphorus Law No. 2960 in
Sariyer District.
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1. INTRODUCTION

Istanbul Strait, in other words the Bosphorus, is a
unique territory with its topographic features, historical
characteristics, green  spaces, living  coastline,
architectural features and urban texture and it should be
extensively protected by regulations and law. The
Bosphorus has maintained its importance as a settlement
area throughout history and it has also provided a living
space for inhabitants with surrounding plantations.
Therefore, organizations responsible for the urban
planning have considered the protection of the natural and
cultural heritage at Bosphorus area while providing
development plans of the area since 1970s. However,
these attempts have not fully succeeded as a result of
grooving population mostly caused by internal migration,
inconsistencies in plans and protection orders or
interventions of the political actors. Consequently, the
Bosphorus have been under the threat of legal or illegal
urbanization and industrialization for many years.

As a precaution, the Bosphorus Law No. 2960 came
in to force on 18th November 1983 for the governance of
the rapid urbanization at the Bosphorus area. According
to the law, the Bosphorus area were divided in to four
parts as water side, Front View, Back View and Effect
Zones as presented in Figure 1. The Bosphorus area was
considered as recreation, tourism and settlement area with
this law and decided to be legally protected with its
existing natural and historical characteristics (Giilersoy
and Selguk, 1993; Kap, 2008). However, an urban design
guide was prepared for an area including private owned
green areas with construction permissions and this guide
was confirmed by the cultural and natural heritage
preservation board (Giilersoy, 1995; Gokeek, 1992; IBB,
2007). These prevention attempts were interrupted by
Development Plan Law Num. 3194 which was enacted in
1985 after the inurement of the Bosphorus Law since it
legislated all previous illegal acts and opened some areas
in the protection zone for settlement. Therefore, the
period after the year 1985 was considered as rapid
urbanization period of the Bosphorus area (Ormeci et al.,
1996).

The first goal of this study is to determine the land use
/land cover (LU/LC) changes in especially settlement and
green areas in the protection area of the Bosphorus for last
12 years from 2005 to 2017 by processing and analysing
Landsat TM and ETM images. Additionally, this study
aims to detect the changes in Kirecburnu and Buyukdere
neighbourhoods located at a part of Front View and Back
View Zones of the Bosphorus in Sariyer where
urbanization highly effected for years. For this purpose,
2005 and 2017 dated IKONOS imagery data with 1 m
spatial resolution were used in order to obtain more
accurate results. The changes in urban and green areas
were analysed based on 1:5000 scaled topographic maps
of Istanbul dated 1960 in the second part of the study.

2. STUDY AREA

The Bosphorus preservation areas have a significant
importance a natural and cultural heritage of Istanbul.
This region included Sariyer and Besiktas districts in
European side and Beykoz and Uskudar districts in Asian
side of Istanbul. The area has been threatened by
unplanned and illegal urbanization since 1950s.
According to the Bosphorus Law No. 2960, the
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Bosphorus was divided in to four main regions as coastal
line, Front View Zone, Back View Zone and Effect Zone.
Front View Zone of the Bosphorus included most
important preservation areas and it covered an area of
4300 ha, while Back View Zone covered an area of 1000
ha located between Front View Zone and Effect Zone
which formed border zone of 5300 ha between the urban
and rural areas of Istanbul when the Bosphorus Law
enacted. Figure 1 presents the extended study area
borders as the Front View and Back View Zones at the
Bosphorus. The study mainly focused on the Front View
and Back View Zones at Sariyer District.

3. METHODOLOGY AND DATA PROCESSING

Satellite remote sensing is a potentially powerful
means of monitoring land-use change at high temporal
resolution and economic than those associated with the
use of traditional methods (El-Raey et al., 1995).
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Figure 1. Front View, Back View and Effect Zones at the
Bosphorus (adapted from Vural, E. 2008)

Digital change detection is the process of determining
and/or describing changes in LU/LC properties based
on co-registered multi-temporal remote sensing data. The
basic premise in using remote sensing data for change
detection is that the process can identify change between
two or more different dates. Numerous researchers have
addressed the problem of monitoring LU/LC change
(Yuan et al., 2005; Bektas and Goksel, 2005, Dogru et al.,
2009; Belal, and Moghanm, 2011).

In this study Landsat TM (2005), Landsat 8 OLI
(2017) and IKONOS images were used as the geometric
data as well as 1:5000 scaled topographic map sheet
covering some part of the Sariyer District which was
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produced in 1960 and used as the basic reference data for
introducing LU/LC change in 57 years. ERDAS Imagine
9.2 software were used for processing remote sensing
imageries. Digitization and the georeferencing of the
topographic map and visualization of the results as final
map were succeeded using ArcMap 10.6.

Satellite data used in the study were processed at four
main stages as: geometric correction of remotely sensed
images and maps as data pre-processing, classification of
the satellite images together with its accuracy assessment
and digitization.

3.1 Geometric Correction of Satellite Images

As the first step of the geometric correction high
resolution IKONOS satellite images used this study were
geometrically referenced to a common coordinate system
defined in a projection. For this purpose, 1:5000 scaled
orthophoto maps were used as reference data and ground
control points were rigorously selected as homogenously
distributed on the image. As a result of this process 2005
and 2017 dated IKONOS images were georeferenced to
Universal Transverse Mercator (UTM) projection based
on the World Geodetic System 1984 (WGS 84) datum.
International ellipsoid 1909 was selected as reference
ellipsoid of the data. Nearest Neighbour Interpolation
were applied at the resampling stage for ensuring a
minimum change in spectral values of the images. This
process was completed with a root mean square error
(RMSE) of +0.5 pixel for both images. Additionally,
2005 and 2017 dated Landsat images used in the study
were geometrically corrected using 15 ground control
points for each based on 2005 dated IKONOS image with
0.5 pixel RMSE.

3.2 Geometric Correction of Maps

The study aims at the integration of the information
derived from existing analogue maps with remote sensing
data defined at a common coordinate system for
providing more detailed interpretation of the results. In
this context, two 1:5000 scaled analogue maps dated 1960
was first scanned and then georeferenced using
Geographic Information System (GIS) technology within
this study. For this purpose, maps in raster format were
transformed in to UTM projection system using
polynomial transformation methodology (Lillesand and
Kiefer, 2001). A number of graphical elements of spatial
objects were identified and selected as control points and
check points on each data. Ground control point (GCP)
selection process included two important problems
(Goksel et al., 2016). Firstly, it was difficult to find out
the GCP because of the change at the field occurred in 45
years’ period from 1960 to 2005. Secondly, the GCP was
not selected on the homogeneous distribution in the area.
As a result, geometrical correction of the raster maps was
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performed using 6 GCP with 0.4 pixel RMSE.
3.3 Classification and Accuracy Assessment

Image classification techniques are widely used in
determining land use and land cover changes (Goksel, et
al., 2018; Karakus, et al., 2017). In this study, Landsat
images with 30m spatial resolution used for determining
LU/LC characteristics of Bosphorus protection zone in
2005 and 2017. For this purpose; Maximum likelihood
supervised classification methodology was applied in
order to map main LU/LC characteristics of the study area
as (i) green lands and forests (ii) settlement- urban built
up and roads and (iii) others. The change in between the
years was also calculated after completing classification
process. The error matrix and Kappa methods were used
to assess the thematic mapping accuracy. Accuracy
assessment of the LU/LC classification succeeded with
87% and 81% overall accuracies for 2005 and 2017 dated
Landsat data respectively. The Kappa coefficients for
2005 and 2017 maps were also obtained as 0.803 and
0.745 respectively.

3.4 Digitization

In order to determine the areal change in settlement
area based on building area in Sariyer district, most of the
buildings located at Sariyer Center, Tarabya and
Camlitepe neighbourhoods and all of the buildings
located at Kazim Karabekir, PTT Evleri, Maden, Kocatas,
Buyukdere,  Cayirbasi, Cumhuriyet,  Kirecburnu
neighbourhoods were manually digitized from both raster
maps and high resolution IKONOS images. After
completing the digitization of the settlement data changes
in settlement are in Sariyer District were determined
(Goksel et al. 2016).

4. RESULTS

Results of the study are obtained in two different
scopes: firstly, general overview of the LU/LC changes in
Bosphorus Protection Zone and secondly detailed
examination of the Sariyer District. LU/LC classification
results of the Bosphorus protection Zone is visualized as
LU/LC maps of the study area in Figure 2. The numeric
results were also presented in Table 1 by grouping four
LU/LC classes in to three classes as Forest and Green
Areas, Settlements-Urban Builtup & Roads and Others.
As presented in the table, while Forest and Green Areas
in Bosphorus Protection Zone decreased 526.5 ha with a
-10.1% rate in 12 years Settlements and Roads increased
449.5 ha. This result confirms the illegal urbanization at
the Bosphorus protected by laws.
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Figure 2. 2005 and 2017 dated LU/LC maps of the Bosphorus Protection Zones

Table 1. Areas of LU/LC classes and change in 12 years in Bosphorus Protection Zone

LU/LC Class 2005 2017 Change

ha % in study area ha % in study area ha %
Forestand 5229.1 46.1 4702.6 415 -526.5 -10.1
Green Areas
Settlements and 5414.4 47.7 5863.4 51.7 449.0 83
Roads
Others 698.0 6.2 775.5 6.8 775 111
Total 113415 113415

Results of the examination of the urbanization
processes in Sariyer District were presented in Figure 3
and Table 2. Map in the Figure 3 presents the digitization
results of building areas in 1960, 2005 and 2017 in three
different colures. A numerical comparison of the building
areas in 1960, 2005 and 2017 were also presented in
Table 2. As presented in the table building areas in
located at the Back View and Front View Zone in the
study area increased with rates of 173% and 142% in two
study periods. Total increase rate in settlement areas from
1960 to 2017 was determined as 420% from 15 ha to 78
ha.

Table 2. Comparison of settlement areas

Years Settlement Area Total Settlement Increase
by Year (ha) Area (ha) Rate (%)

1960 15 15 173

2005 26 41

2017 37 78 142
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Figure 3. Building areas in three different years

5. CONCLUSION

This study confirms the usability of the data sets from
different sources and formats in studies performed for
detecting the LC/LU change. A wide variety of maps as
urban development plans or topographic maps in
analogue or digital formats and produced using traditional
or current mapping methodologies, as remote sensing or
aerial photography, can be efficiently used in change
detection. The main requirement for the success of such
data uses is to define and structure the all geometric data
at a common geographic reference system. In this study,
many challenges of georeferencing, map matching and
digitizing processes mainly originated by the
deformations on paper maps were succeeded.

As a result of the change detection process, it is
concluded that the green areas and forests in the
preservation area of the Bosphorus were significantly
damaged in 12 years’ time from 2005 to 2017. These
results indicated the increase in settlement areas (8.3%)
replaced with forests and green areas. Building area
increased with 223% in 45 years’ time from 1960 to 2005
also confirms this result. The census statistics of TUIK
presents more than 450% increase in Sariyer’s population
at the same period (URL 1) and this result indicated the
increase in the number of multi-storey building in the
study area. Consequently, determined change is the exact
indicator of the difficulties in application of the laws and
legislation as the Bosphorus Law, Bosphorus
development plans and etc. on preservation of the
economically and culturally most valuable area in
Istanbul.
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