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ABSTRACT: The population of Istanbul has increased rapidly in the last three decades similar to other metropoles of 

the world. While the population in 1980 was around 4.7 million, it exceeded to 15 million in 2015. The city has been 

affected from population growth and rapid urbanization, and the land cover/use characteristics of Istanbul changed 

very fast. In consequence of unplanned urbanization, rapid land use/cover changes caused heterogeneity in urban 

texture. Increasing urbanization and spatial expansion of the urbanized areas caused land changes from natural 

landscapes to impervious surfaces. This paper aims to determine the multi-temporal change of urban texture in 

Istanbul metropolitan area using Normalized Difference Vegetation Index (NDVI) and Normalized Difference 

Built-up Index (NDBI) focusing on district level. The study was conducted using Landsat TM images of Istanbul 

respectively acquired in 1984, 2002 and 2011. An automated water extraction index (AWEI) is used to extract water 

bodies from study area. To obtain district level index images, all derived index images are clipped using the district 

administrative borders. The results indicate that significant increase in impervious surfaces is identified along with a 

considerably decrease in vegetation in some districts of Istanbul between 1984 and 2011.  

 

 

1.  INTRODUCTION 
 
One of the main problems of the world is increasing population. Especially over three decades, the growth rate of 

population reached dramatical levels. Researches show that, by 2050 the population of world is expected to rise from 

3 billion to 6.4 billion. (United Nations, 2007).  By 2009, %60.1 of population has been living in urban areas and by 

2050 it is estimated that this amount will reach to %68.7 (Zhaoqi et al., 2015).  

 

A rapid urbanization process that leads reduction in green spaces and increase in urban impervious surfaces occurs in 

response to growth of population in urban areas. This urban development also affects urban land cover, ecosystems, 

and regional climates (Ma et al.,  2010). Therefore, monitoring and management of these environmental changes in 

urban areas became obligatory to protect urban ecosystem and improve quality of life over time. 

 

Census data is one of the main data sources which is primarily relied for studies in urban ecosystem analyses in 

traditional way. However, the acquisition frequency of census data is coarse and often cannot capture rapid changes  

On the other hand, remotely sensed image data provides ability to monitor urban environment in better temporal 

frequency (Kaya and Curran,  2006; Wu and Murray, 2003). 

 

Remote sensing data is often used to derive some important information about vegetation and impervious surfaces. As 

some land cover types have unique spectral responses in different portions of electromagnetic spectrum, many 

approaches are developed to retrieve information by using this property. Normalized difference vegetation index 

(NDVI) and Normalized difference built-up index (NDBI) are the two commonly used indicators for vegetation and 

impervious surface monitoring. NDVI is one of the most used vegetation index that provides information about 

vegetation cover and vegetation density. On the other hand, NDBI provides information about imperviousness which 

is generally used as an indicator for urbanization level by using unique responses of built-up areas. 

 

In this study, NDVI and NDBI maps of Istanbul is derived using multi-temporal Landsat 5 TM images acquired 

respectively in 1984, 2002 and 2011. To evaluate the urbanization along with vegetation cover changes in district 

level, an administrative border data is used to clip index maps. To identify the land cover changes, mean NDVI and 

NDBI values are calculated for years 1984, 2002 and 2011 for each district. 

 

 

 

 

 



2.  MATERIALS, METHODS AND RESULTS 
 
2.1 Study Area  

 
The study area is Istanbul, which is one of the World’s biggest metropolitan areas with population, approximately 15 

million as of 2015. The city is divided by Bosphorus that connects Black Sea with Sea of Marmara as an important 

waterway and covers a total area of 5.343 km² (Figure 1). Each individual part of the city is located in different 

continents, the part located in Asia continent is called Anatolian side and the part located in European continent is 

called European side which includes a natural harbor called Golden Horn.  

 

The city is located within the Marmara region, which is the most important industrial region in Turkey. In virtue of 

being located in a highly industrial region in modern day, and also being on a strategic location as one of the important 

points on ancient silk road trade route, Istanbul always become a migration-receiving city through ages.  

 

Especially in last three decades, with rapid industrialization and economic growth, the population of Istanbul increase 

more than 3 times of its population in 1980. Thus with a rapid increase in population, urban areas increased 

dramatically. 

 

 
Figure 1. Study Area. 

 

 

2.2 Data Processing and Methodology 
 

The dataset used in the study consists of 3 Landsat TM images with 7 bands respectively acquired in 12 June 1984, 14 

June 2002 and 23 June 2011 with a cloud coverage less than %9. All Landsat TM images were obtained in L1T 

processing level, provided by USGS Level 1 Product Generation System (LPGS) and downloaded from USGS 

Earthexplorer data distribution platform. 

 

In atmospheric correction process of TM bands, 6S radiative transfer code (Vermote et al., 1997) was used to obtain 

surface reflectance. Even all 3 images have minute amount of cloud cover, also an automated cloud cover assessment 

ACCA (Irish, 2000) algorithm was implemented to mask the cloud covered regions that may cause errors in index 

values. To focus on land cover and mask water bodies, an Automated Water Extraction Index (AWEI) algorithm 

proposed by (Feyisa et al., 2014) was implemented. 

 

For the district level assessment of urban land cover, an administrative border vector file, including the district 

borders is obtained from Istanbul Metropolitan Municipality. Administrative border data was acquired in ED50 



datum with Gauss-Kruger projection which is derived from topographic and cadastral maps of Istanbul. The vector 

file was then transformed to WGS84 datum with UTM coordinates in order to have a common coordinate system with 

Landsat Imagery. 

 

NDVI is the most common vegetation index used because of its properties that provide some important advantages. It 

is very sensitive to chlorophyll content in vegetation and also reduces some noise effects such as shadows generated 

by topography, atmospheric effects and illumination variations caused by varying sun angles by using normalization. 

NDVI was calculated using following equation; 

 

𝑁𝐷𝑉𝐼 =
𝜌𝑁𝐼𝑅 − 𝜌𝑅𝑒𝑑
𝜌𝑁𝐼𝑅 + 𝜌𝑅𝑒𝑑

 (1) 

 

Where NIR represents the spectral reflectance values in Near-Infrared spectrum, and Red represents the spectral 

reflectance values in red spectrum. NDBI index is originally proposed by (Zha et al., 2003) and designed for Landsat 

TM bands to map urban areas automatically. It is based on higher reflection of built-up areas in Mid-infrared region of 

electromagnetic spectrum than Near-Infrared region (Xu, 2007). 

NDBI was calculated using following equation; 

𝑁𝐷𝐵𝐼 =
𝜌𝑀𝐼𝑅 − 𝜌𝑁𝐼𝑅
𝜌𝑀𝐼𝑅 + 𝜌𝑁𝐼𝑅

 (2) 

 

where MIR and NIR represent the spectral reflectance values in Mid-Infrared and Near-Infrared wavelength range 

respectively. NDBI and NDVI images of Istanbul for 1984, 2002 and 2011 are shown in Figure 2 and Figure 3. 

 

  

 
 

Figure 2. NDVI Images of Istanbul in 1984, 2002 and 2011. 

 

 



  

 
 

 Figure 3. NDBI Images of Istanbul in 1984, 2002 and 2011. 

 

NDVI and NDBI image were clipped using administrative border file of Istanbul in order to obtain index images of  

each individual district. For each district, mean value of NDVI and NDBI and the differences were calculated between 

years 1984, 2002 and 2011 (Table 1). 

 

Table 1. NDVI and NDBI Mean Values and Differences. 

 

  



According to the results, 11 districts have a decrease in NDVI values with more than %25 between 1984 and 2011. 

NDVI differences between 2002 and 2011 are relatively smaller than the change between 1984 and 2011.The highest 

decrease in NDVI between 1984 and 2002 occurs in four districts with more than %50. Esenyurt, Bagcilar, 

Kucukcekmece and Bahcelievler that are known to have a rapid urbanization rate and yet the highest rate in 

population increase. In addition, Basaksehir, Sultangazi, Gungoren and Sultanbeyli also have a high changes in NDVI. 

These districts are also affected by urbanization and population growth. 

 

Besiktas, Sisli and Fatih have the minimum change in NDVI and NDBI values. (Figure 4). These districts are located 

in the center of Istanbul which already reached the maximum rate of urbanization. Sariyer is also one of the districts 

have minimum change in NDVI and located in northern side of Istanbul surrounded by forests. 

 

 
Figure 4. NDVI & NDVI Scatter Plots of Besiktas and Sisli Districts. 

 

 

In addition to NDVI, the differences of NDBI values were also evaluated. A maximum amount of change in NDBI 

occurred in six districts which are Avcilar, Silivri, Buyukcekmece, Esenyurt, Arnavutkoy and Basaksehir. In 

comparison with NDVI changes, although there is a significant amount of change in built-up indices, some districts 

like Arnavutkoy, Sariyer, Cekmekoy and Silivri have a very small amount of change in NDVI values. This is due to 

the surrounding forests in northern region of Istanbul, non-cultivated agricultural areas and temporary mine dumps 

which affects NDBI values as built-up areas. 

 

Therefore, with further combined evaluation of NDVI and NDBI in each district,  Bagcilar, Bahcelievler Esenyurt and 

Kucukcekmece districts showed a change from vegetation to built-up areas. The scatter plot of NDVI and NDBI 

values for each district is shown in Figure 5. 

 

 
Figure 5. NDVI & NDVI Scatter Plots of Esenyurt, Kucukcekmece, Bagcilar and Bahcelievler. 

 



 

In Figure 5, the horizontal axis indicates the NDVI values and vertical axis indicates the NDBI values. All index 

values for 3 different years are plotted for each pixel. Blue, red and green plots respectively show the index values 

corresponding to years 1984, 2002 and 2011. As seen in the figure, distributions of pixels are accumulated to 

upper-left side of the plot for each epoch. This result indicates that from 1984 to 2011 districts faced increase in 

built-up areas along with decrease in vegetation. 

 

3.  CONCLUSIONS 
 

Due to the rapid population growth and migration to big cities, new lands has been opened to settlements. This 

situation resulted with expansion of urban areas that affects ecosystems and climate on regional scale which have 

dramatic effects on human health and life quality. In this study, one of the world’s most migration-receiving megacity 

Istanbul is evaluated in terms of vegetation and built-up areas using NDVI and NDBI in district level between years 

1984 and 2011. 

  

The study is conducted by using Landsat TM 5 satellite imagery. The results highlight that in some districts of 

Istanbul with high urbanization rate, vegetation density decreases in contrast with increasing built-up areas. Further 

studies on the effects of the urbanization and vegetation density change to urban ecosystem of Istanbul should be 

carried out using remote sensing images to maintain sustainability. The results of this study will provide insights in 

further investigations. 
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