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ABSTRACT 

Urbanization has  increased in the world since 1950s [21]. In Turkey, urbanization 
gained momentum after 1980s. Immigration from rural areas to cities due to the 
limited agriculture economy, and insufficient job and education opportunities 
played a fundamental role in this increase. This migration was primarily to Istanbul 
and cities like Ankara, Izmir, Bursa, Adana and Antalya where industrialization 
and/or tourism is at the forefront. This increase in urbanization causes problems 
such as uncontrolled growth of the cities, unplanned infrastructure and misusage 
of natural resources. In monitoring these changes in the urban environment, land 
cover and land use (LCLU) maps which are obtained through standard digital 
image  processing methods where ‘maximum likelihood’ and ‘isodata’ classification 
techniques are employed, are used as well. However, inaccurate classification 
results may come out especially on the heterogeneous lands where the satellite 
data with low spatial resolution is used in these thematic maps obtained. The 
reason for this is representation of each pixel by only one class value. On the other 
hand, each pixel is represented by the endmember fractions that constitute itself 
with the spectral mixture analysis (SMA) method. With this analysis based on 
linear mixed model, the earth is represented more sensitively in substrate (S), 
green vegetation (V) and dark surfaces (D) spectral endmember (spectra that are 
chosen to represent pure surface materials in a spectral image) projections. In this 
study, different LCLU changes that occur in Istanbul are determined by applying 
SMA method to LANDSAT images of the city from 1984, 2000 and 2011; and 
urban growth is monitored and analyzed. 

Keywords: Urban growth, LANDSAT, Istanbul, Spectral mixture analysis, 
Unmixing. 

INTRODUCTION 

In Turkey, population living in cities was 25% in 1950, and this ratio increased to 43% in 

1980 and to 76% in 2010 [15]. Therefore, Turkey is among the leading countries of the world 

with its urban population and urban population increase ratio. Turkey has large cities like 

primarily Istanbul, Ankara, Izmir, Adana, Bursa and Antalya which allow immigrants and 

where urban change is being experienced [2]. In Istanbul, the most crowded city of Turkey, 

the population increased by almost three times during the last 30 years. Compared to other 

cities, Istanbul has more population, and industrial and trade areas. As it provides the best 

economic opportunities, immigration to this city continues [3]. This rapid increase in 

urbanization generally causes problems such as unplanned infrastructure and uncontrolled 

urban growth. This unplanned and uncontrolled urbanization may also lead the misusage of 

and damage to green areas, cultivated areas and natural resources like water sources [1]. 

Therefore, the urban environment and especially natural resources should be constantly 

monitored and kept under control. Remote sensing data and technologies are indispensable 

resources for decision makers and rulers in monitoring urban environment thanks to the 

current spatial information they provide [4]. In obtaining the LCLU maps with these data and 
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technologies, generally "isodata" and "maximum likelihood" classification techniques are 

used. However, each pixel is only represented by one class value in such techniques. This 

may cause low accuracy classification results for mixed pixels corresponding to many 

heterogeneous areas like urban areas, although it is accurate for pure pixels corresponding 

to homogeneous areas on earth [5, 6]. Due to the low spatial resolution of the remote 

sensing satellite data used to determine the LCLU in global scale, accuracy of these maps 

are also limited. Thus, there are various approaches for LCLU mapping at lower pixel level. 

Among these, the linear spectral mixed model is adopted as the most common approach [7, 

8, 9]. The SMA method is built on this model and mixed pixels are represented as they are 

calculated in percentages in selected endmember projections [10, 11]. In this model, 

substrate endmember represents a variety of soil, rock and impervious surfaces, vegetation 

endmember represents green vegetation areas. Dark surface endmember represents water 

covered , shadowing and nonreflective areas. 

The purpose of this study is to monitor and analyze the LCLU changes and urban growth 

areas in Istanbul using the SMA method. By applying atmospheric calibration to LANDSAT 

TM and ETM images, DN (digital number) values were first converted to radiance and then to 

reflectance values. The SMA method was applied to these images calibrated atmospherically 

using the global endmember reflectances. SVD, dSVD (difference SVD) and substrate maps 

were prepared using LANDSAT data from 1984, 2000 and 2011 and urban change areas 

were determined. 

STUDY AREA AND DATA USED 

Being within the borders of Marmara Region to the northwest of Turkey, Istanbul has 

approximately 5343 km2 of surface area. The Bosporus connecting Marmara Sea to Black 

Sea splits the city in two pieces which are Asia (on the right) and Europe (on the left) (Figure 

1). In some districts like Basaksehir in European side, new settlement areas have increased 

(Figure 2). 

 

                   Figure 1. Study area.                                             Figure 2.  New settlement area in Basaksehir. 

Three  Landsat images  acquired by 12.06.1984 (TM), 02.07.2000 (ETM) and 23.06  2011 

(TM)  were used for the study. Landsat data were processed as Level 1 terrain-corrected 

(L1T) data and they were available in GeoTIFF format in the UTM map projection with 

WGS84 datum. L1T processing includes radiometric correction, systematic geometric 

Marmara Sea 
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correction, precision correction using ground control points, and the use of a digital elevation 

model to correct parallax error due to local topographic relief.  

METHODOLOGY 

Firstly, potential LANDSAT data are selected and downloaded from USGS-Glovis in this 

study [16]. Images from 1984, 2000 and 2011 were chosen among the LANDSAT data to 

monitor and analyze the urban change areas within the study area. Special attention was 

paid for cloudlessness or cloudy ratio to be less than 10% while choosing these data. 

Atmospheric calibration process was applied before applying the SMA method to selected 

images. Under normal conditions, spectral radiance sensed by LANDSAT sensors is stored 

as 8 byte DN. But these values should be converted to radiance and then to "top of 

atmospheric reflectance (ToA)" values to minimize the changes arising from the sun - earth 

distance, solar geometry and spectral band differences. This process is important for 

LANDSAT data which are used for long time periods or wide areas. As in this study the 

changes during a period of approximately 30 years will be monitored, ToA reflectance values 

were calculated. SMA method was applied to these atmospherically calibrated images. At 

this stage, the principle is to place the mixed space appropriately into a coordinate system. 

Principal component (PC) conversions are used to determine the size and topology of the 

mixed space quantitatively. These conversions minimize the correlation between axes. In this 

study, PC band of the first two lowest order with the highest variance was used in creating 

the mixed space. This mixed space topology may be represented accurately only through the 

spectral endmembers to be selected [12, 13, 14]. The endmembers used in this study 

consists of global SVD endmembers obtained by the assessment of images which may be 

applied for the worldwide study area and which are selected from different geographical 

regions [13]. These SVD endmembers which are being used in global scale and mixed pixels 

are represented in percentages and linear spectral mixed model was obtained. dSVD maps 

were also prepared by taking the differences of SVD layers obtained for different dates. 

These difference maps obtained are important in terms of determining the changes occurring 

on LCLU in long time periods. Finally, analyses were conducted using the ‘S’ layers from the 

three different years selected especially for the assessment of changes in urbanization.  

RESULTS  

Atmospherically calibrated 1984, 2000 and 2011 LANDSAT images which are used in this 

study (band: 7-4-2) are given in Figure 3. SVD linear mixed model was applied and SVD 

maps were created using global endmembers on these different images (Figure 4). 

               



 EARSeL 34th Symposium Proceedings, 16-20 June 2014 8.40   

  

© EARSeL and University of Warsaw, 2014, ISBN 978-83-63245-65-8, DOI: 10.12760/03-
2014-22, Zagajewski B., Kycko M., Reuter R. (eds.) 
 

 Figure 3a. Atmospherically calibrated LANDSAT TM                     Figure 4a.  SVD map (12.06.1984). 

(12.06.1984). 

              

  Figure 3b. Atmospherically calibrated LANDSAT ETM                     Figure 4b.  SVD map (02.07.2000). 

 (02.07.2000) 

                

Figure 3c. Atmospherically calibrated LANDSAT ETM                     Figure 4c.  SVD map (23.06.2011). 

(23.06.2011). 

 

Besides, dSVD maps were obtained by taking the differences of SVD values from different 

years. These maps show the changes in ‘S’, ‘V’ and ‘D’ values (Figure 5, 6, 7). According to 

Figure 4, ‘S’ values are increasing from 1984 to 2011. This increase shows that the urban 

areas in Istanbul spread parallel to the Marmara Sea coasts in particular. It was detected that 

the urban growth was particularly more in European side. Thus, European side has more 

population than Asian side; it allowed more immigration as it includes more trade areas and 

these immigrations gained momentum in 1990s (19). Figure 5 and 7 show the LCLU change 

between 1984-2000 and 1984-2011, respectively. Particularly the increase in ‘S’ values 

which correspond to the recently built urban areas towards the west of the city is clearly 

seen. The rapid increase in ‘S’ values from 1984 to 2000 has slowed down during the period 

between 2000 and 2011 (Figure 6). The root cause of this is the decrease in the immigration 

from rural areas during that period. Again in Figure 4, it is observed that ‘S-D’ mixture is 

dominant in inner parts of the city and that the ‘D’ value increased more between 2000 and 

2011. In this case, considering that ‘S’ value remained the same and ‘D’ value increased in 

the built-up areas of the city, it is possible to mention a vertical urban growth. However, 

changes arising from the atmospheric impact, soil moisture and the plant cover phenology on 

these images obtained on different dates should be considered while interpreting these 

changes. Besides, the analysis of vertical urban growth may only be performed in very well 

planned cities. Another change from 1984 to 2000 can be observed in areas covered with 
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water. Reviewing the changes in dark surface projection, changes in Sazlidere Dam and 

Buyukcekmece Lake which provide drinking and utility water to Istanbul were detected. 

Sazlidere Dam, which is not on the 1984 SVD and LANDSAT images, was built in 1996. 

Therefore, while being represented mainly by ‘S’ and ‘V’ values on the SVD map of 1984, 

this area is represented mainly by ‘D’ value on the maps from 2000 and 2011. On 1984-2000 

and 1984-2011 dSVD maps, this dam area may be clearly seen as the change area (Figure 

5, 7). Buyukcekmece Dam is a dam built on Buyukcekmece Lake in 1988. With the 

construction of this dam, the lake area was enlarged and caused an increase in the ‘D’ value 

in this area (Figures 5, 7). Lake 

 
Figure 5.  dSVD map (shows the changes in S, V and D values between 1984 and 2000). 

 

 
Figure 6.  dSVD map (shows the changes in S, V and D values between 2000 and 2011). 

 

Sazlidere 

Dam 

B.cekmece 

Lake 
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Figure 7.  dSVD map (shows the changes in S, V and D values between 1984 and 2011). 

 

In this study, substrate changes were analyzed using only the ‘S’ layers. In general terms, 

areas where urbanization increased after 1984 are lying towards west and east of the city. In 

addition to this, there are also unchanged areas. This is seen especially in the previously 

built-up inner parts. When the tri-temporal substrate map (Figure 8A) which shows the 

changes in the substrate values on 1984, 2000 and 2011, the change in ‘S’ values and SVD 

values on LCLU determined in previous figures on European side - the area named as 

Historical Peninsula is very small. Yet, there are many historical buildings in this area which 

remain unchanged and in 1995, the area was declared as a first degree archaeological, 

urban - archaeological, urban - historical protected area (20). Existence of intensive 

settlement and refusing new settlements for the protection of the historic fabric prevented the 

creation of new urban areas here. On tri-temporal substrate map (Figure 8B), in the region 

remains between Kucukcekmece (to the right) and Buyukcekmece (to the left) Lakes in the 

European side, an increase in ‘S’ values is observed. On Figure 8B, the increase in ‘S’ value 

from 1984 to 2000s stands out. Thus, the area between two lakes and Ikitelli Industrial zone 

in Basaksehir district to the northeast of Kucukcekmece Lake and areas around which were 

opened to settlement played a key role in the increase of this ‘S’ value (17, 18). The 

expanded part of Ataturk Airport which is to the east of Kucukcekmece Lake is seen in Figure 

8B. On the tri-temporal substrate map (Figure 8C), another LCLU change is also observed. 

In Asian side, the increase in ‘S’ values in the mining area located between Omerli Dam and 

Black Sea started on 1984 continues after 2000. Likewise, the change in mining areas lying 

along the coast of Black Sea in European Side is seen on SVD maps. These areas which are 

mainly represented by ‘S’ value on Figure 4a, are represented with ‘S and D’ values between 

2000 and 2011. This is caused by the water filled in gaps on the ground which occurred due 

to the mine searches. The decrease in ‘S’ value around most mining areas in this region left 

its place to the increase in ‘D’ value. On the tri-temporal substrate map (Figure 8D), Sabiha 

Gokcen Airport, the second airport of Istanbul, and the region developed around it is seen. 

The airport which was opened in 2001 and industry zones and settlements built around it are 

the regions where the ‘S’ increase is the most in Asian side.  

K.cekmece 
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Dam 
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Figure 8.  ‘Tri-temporal substrate’ map (It shows the changes in substrate values on 1984, 2000 and 2011). 

CONCLUSION 

Using the SMA method, it is possible to determine the spatial and temporal changes in land 

covers of different types and land usage changes. In this study, urban growth was 

determined by monitoring and analyzing the different LCLU changes that occur in European 

and Asian sides of Istanbul by applying SMA method to LANDSAT images from 1984, 2000 

and 2011. In the results obtained, it is seen that the city entered into a rapid urban growth 

process from 1984 to 2000, and after 2000, although the process slowed down it continued 

in west - east direction. Besides, unchanged LCLU changes and areas with limited urban 

growth were detected. Apart from urban growth, changes in areas covered with water and in 

mining areas were also observed. Thanks to the rapid applicability provided by this method, 

this was determined to be a suitable method to determine the changes in land usage in other 

cities using the global endmember values.  
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