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ABSTRACT 

 

Due to the inappropriate planning and explosive population growth in urban areas, especially 

in developing countries, sustainable and disaster-safe urbanization has become the most 

important challenge for governments. Urbanization presents benefits in different ways but  has 

led simultaneously to changes in land use/land cover (LULC),impacting soil quality, runoff, 

surface temperature, water quality, and promoting climate change. The environmental 

implications of LULC changes cannot be understood well enough to take precautions without 

the knowledge of LULC change. This reality is the driving force behind my research, which 

focuses on  impacts of urbanization on flood and soil erosion hazards in Istanbul, Turkey. 

 

Istanbul is the biggest city in Turkey with its almost 15.000.000 population. In 1999 the Marmara 

earthquake destroyed the city especially the newly developed zones. Every year Istanbul suffers 

also from flood damages. Istanbul has been experiencing uncontrolled migration,chiefly from 

rural areas, since the economic reform policies took place in the second half of the 20th century.  

These policies forced the city to expand towards the agricultural land and to the coastal areas. 

Istanbul has been faced with illegal housing and uncontrolled development since then. This 

developoment has produced significant decreases inproductive agricultural lands and created 

more impervious areas. Infrastructure development has not matched the rate of the population 

increase and uncontrolled urbanization, making the city vulnerable increasingly to natural 

disasters. 
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This dissertation aims to understand the impacts of urbanization on flood and erosion hazards 

in Istanbul by examining changes in the city using remote sensing (RS) and  geographical 

information systems (GIS) methods. LULC was examined first: Two change detection methods 

were applied to choose the best peformer for  Istanbul. The post-classification comparison 

(PCC) method produced better results than the principal component analysis (PCA). PCC 

utilized  1984, 1997, 2001, 2007 and 2010 Landsat images of the study area.These Landsat images 

were corrected atmospherically and radiometrically using COST Model (Markham and Barker, 

1986). After the corrections geometric rectification was performed with the help of 1987 

topographic map, 1995 orthophotos, 2005 GPS data. Location and nature of the change were 

derived for the time periods. Results show that since 1984, agricultural land have been replaced 

increasingly by urbanization. 

 

Flooding and related soil erosion are both natural events. Yet these events can be hazardous; 

they can harm/destroy lives and property. In recent years these events have become disasters 

for Istanbul.. We  investigated the role of urban growth in such disasters. To understand the 

urbanization and flood relation better, flood events for each time period were examined using 

LULC change,runoff information and watershed analysis. Soil erosion events occur slowly and 

in Istanbul they do not happen frequently (yearly) as with flooding. But some of the locations of 

erosion that occurred  in the past are now urbanized areas. It is thus important to understand 

how the built environment affects  soiol erosion. We applied the Revised Universal Soil Loss 

Equation (RUSLE) method for each year in the time series. Prior erosion locations digitized 

from General Directorate of Mineral Research and Explorationwere compared to predicted 
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locations. The resultant maps indicate that European side of Istanbul is more prone to erosion 

than Anatolian side. 
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CHAPTER 1. INTRODUCTION 

1.1 Explanation of the Problem 

Many environmental problems are related to rapid urbanization.Planners, decision makers and 

managers need to understand the relation between human activities and nature. Deep 

understanding of the impacts of urbanization on natural events is important to prevent the 

“natural events” from becoming “natural disasters” and causing the loss of lives and property.  

 

Natural events such as wildland fires, erosion, floods, and earthquakes become natural disasters 

because of human activities. Urban areas have the most active human actions. With the 

industrialization urban areas have been growing worldwide. Especially in developing countries 

unplanned urbanization is driven by explosive population growth,chiefly the result of rapid  

rural to urban migration. The world urban population increased from 220 million in 1900 to 732 

million in 1950, 2.9 billion in 1999 and was estimated to be 3.2 billion in 2005, thus more than 

quadrupling since 1950. According to the latest United Nations population projections, 7.4 

billion people are expected to be urban dwellers in 2050 (United Nations, 2011).  

 

Urbanization has a significant influence on the changes in the land use/cover patterns not only 

in developed countries but also in developing countries (Lambin et al, 2001; McKinney, 2002; 

Pauchard, 2006; Alberti et al, 2003). Humans are the major driving force affecting the changes in 

urbanized areas and in environmental conditions (Alberti, 2005). Humans dominate the 

ecosystem by increasing the impervious land area amount via housing development, road 

building, urban wasteland, and landfills (Alberti, 2005; Paul and Meyer, 2001). Rapid 

urbanization and industrialization has resulted in the loss of a significant amount of 
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agricultural land (Geymen and Baz, 2007; Kaya, 2006). Because of the lack of efficient and 

appropriate landuse planning rapid urban growth and disappearance of agricultural lands and 

forest areas have had severe environmental consequences (Göksel, 1998; Sunar and Ozkan, 

2001; Kaya 2006).  Istanbul, Turkey is a case in point. 

 

The Istanbul metropolitan area has been coping with natural disasters for years. The most 

recent and the largest on record was 1999 Marmara Earthquake. This quake  underscored that 

growing towards agricultural land was not good not only because of natural resources but also 

for safety of the citizens. Istanbul has been faced also with floods and eroison: Mostly every 

year because of flooding, citizens' posessions and properties  come to harm and most of the time 

citizens lose their lives.  The rapid and uncontrolled urban growth in Istanbul increases the 

vulnerability of the city and its citizens towards the natural events that turns into natural 

disasaters.  The transformation of green and agricultural space into impervious surfaces 

decreases the runoff on those areas and causes disastrous floods.  Istanbul has been  

sprawlingrecently towards the agricultural lands, in an east-west direction. Mostly the increase 

in car ownership enabled this sprawl. Beside the east-west spread, the city has grown also 

towards the coast  destroying forest land in the north. The old city center does not have any 

more place to expand but it still gains population and gets more impervious, which causes the 

insufficient infrastructure. Insufficient infrastructure and more impervious appears to increase 

the probability  of disasters. There are however not enough studies to support this hypothesis.  

 

For more efficient planning practice and resource management to provide more disaster-safe 

cities and high urban life standards, authorities need to know the LULC change process and 
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impacts of urbanization on natural events.In this dissertation urbanization impacts on flood and 

soil erosion events were assessed using remote sensing and geographical information systems 

(GIS) methods. The research focused on the flood and soil erosion hazards in Istanbul between 

1984 and 2010. The work  had 3 phases, each represented by an individual study. 

 

1.2 Organization of the Dissertation 

This dissertation is composed of three related studies. There is a general introduction chapter 

presenting the aim and the results of the research. The objectives, methods and main findings of 

each study are covered in Chapter2 - Present Study. Individual studies are included as 

appendices to this dissertation. Each appendix consists of an abstract, introduction, study area, 

data and methods, results and discussion, and conclusion sections. 

 

Appendix A, titled, “Investigating Land Use/Cover Change in Istanbul Metropolitan Area, 

Turkey” compares the postclassification comparison and PCA classification methods to 

understand the urbanization changes in Istanbul Metropolitan Area for over 25 years. The 

landuse/cover change for Istanbul between 1984 and 2010 was detected using the better 

performing method. The change in agricultural land and impervious land for the time period 

were obtained. The results of this study were used as inputs to investigate the impacts of urban 

growth on flood and assessing the soil erosion events in Appendices B and C. 

 

Appendix B, titled, " Impervious Land Increase Impacts on Flood Hazard in Istanbul, Turkey" 

aims to understand the impacts of increases in impervious land on flood hazard in the city. In 

this study LULC change data, runoff images, flood event locations by year were utilized in a 
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watershed analysis to understand the nature of the impact. Results of this study will be 

combined with results of a third study, recommending  future work on the quality of life  in 

Istanbul. 

 

Appendix C, titled, "Soil Erosion Hazard via RUSLE with Urban Growth in Istanbul, Turkey"  

investigates the soil erosion events in Istanbul. The Revised Universal Soil Loss Equation 

(RUSLE)model was deployed to predict the possible erosion event locations. These locations 

were compared with prior events and urban growth effects on erosion hazard were examined. 

The results from Appendix A were used as inputs for this study. The outcome of this research 

will be used as an input for the assessment of quality of life in Istanbul. 
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CHAPTER 2. PRESENT STUDY 

Most researchers ask questions related to hazards and their impacts on environment. There 

have been several studies that are looking for answers on how urbanization affects climate and 

environment but they are mostly ecological studies. As a bridge from Europe to Asia, Istanbul is 

the most economically and historically important city in Turkey. Metropolitan Istanbul has been 

facing rapidin-migration and related uncontrolled urban growth. As having rich ecological 

environment (there are several natural protection areas and parks) impacts of urbanization on 

hazards based on flood and erosion activities should be examined. 

 

Istanbul is expanding  rapidly because of large numbers of immigrants pouring into the  city 

every year (Goksel, 1998; Yalcintas and Erbas, 2003; Koc, 2005; Kaya and Curran, 2006; Geymen, 

2007). With the industrialization agricultural technologies developed rapidly. This led to 

decreasing  job opportunuties in rural areas and Istanbul became an attraction center as it 

becomes the finance center of Turkey. The city has more job opportunuties than the rural areas. 

As the migration from rural to urban increased housing became a problem. It can be said that 

illegal housing (called “gecekondu”) became the dominant form of urbanization in Istanbul as 

the population increases rapidly mostly with migrations. After the 1980s illegal housing grew 

dramatically and by the year 2000 almost 65% of total housing in Istanbul was categorized as 

illegal (but unfortunately most of this housing was  legalized by government over time) 

(Yalcintas and Ertan, 2003). After the Marmara Earthquake in 1999 the government  tried also to 

provide homes as soon as possible, which  further spurred  unanticipated urbanization. This 

kind of informal and unplanned urbanization destroys the ecology and converts natural events 

into disasters as happens in floods and erosions. Therefore evaluation of urbanization impacts 



18 

 

on hazards is important for more efficient urban planning and management. The findings  of 

each related study are described below. 

 

2.1 Appendix A - " Investigating Land Use/Cover Change in Istanbul Metropolitan Area, Turkey "  

This paper attempts to monitor and evaluate the  urbanization change and land development 

between 1984 and 2010 in Istanbul, which would lead to LULC impact analysis for further 

studies.In this study two landuse/cover (LULC) change detection methods were compared for 

performances over Istanbul, with medium resolution satellite images. The post-classification 

comparison (PCC) and the principal component analysis (PCA) of stacked multi-temporal 

images methods were compared based on their accuracy. The PCC method has been used 

widely for LULC change detection analysis. This method is based on the classification of the 

images and comparison of the classifications on a pixel-to-pixel basis, resulting a conversion 

matrix.The PCA change detection method was usedand compared to the conventional method 

based on the improvement of the accuracy in change detection.Detecting the urban 

environment changes with medium resolution satellite imagery has some spectral problems, 

but because of its long term datasets we used Landsat-based satellite imagery from 1984 to 2010 

to map the changes in Istanbul. Although errors and confusion exist, PCC performed better 

than PCA with the overall accuracy of 89% and Kappa coefficient of 0.89, where PCA showed 

results of  87% and 0,86 respectively for the time period of 1984-1997. As PCC gave better 

results it was used for the 1984 to 2010 time period to detect the temporal and spatial LULC for 

Istanbul Metropolitan Area, Turkey, where  uncontrolled urbanization and immigration have 

been taking place causing the city develop unplanned and tackle the mounting disasters. 

Results showed that, the impervious area had expanded 49.51%  between 1984 and 2010, while 
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agricultural land decreased 43.76% during the same period. Most of the LULC change was 

conversion from agricultural land to impervious land.  

 

2.2 Appendix B - "Impervious Land Increase Impacts on Flood Hazard in Istanbul, Turkey " 

A model of flood risk assessment is established for Istanbul to understand the relation with 

landuse type as Istanbul has been experiencing population increase and on going urbanization 

since the mid 20th century. This study attempts to demonstrate the application of the 

integration of GIS and remote sensing in understanding the susceptibility of Istanbul to 

flooding in terms of landuse, runoff, NDVI and slope parameters for 1984-2010. Landuse 

classification and change analysis were carried out via remote sensing techniques and they were 

coupled with GIS to investigate the impacts of landuse on flood hazards in the city. Istanbul 

had been faced with 180 flood events that caused loss of lives and damages to properties since 

1997. As  urbanization is an ongoing process for Istanbul, susceptible flood areas should be the 

concern for urban planners. The study found that the increase in impervious land brings high 

runoff values that cause flooding:The city center and old city  had  the highest  flood prone zone 

scores. Most of the agricultural land scored medium level and forest areas  scored low and 

lowest flood-prone zones. The watershed maps are consistent with the urbanization in Istanbul. 

As the impervious area increases the watershed polygons get more risky. The results of this 

study show that landuse change affects the susceptibility of the land towards flooding. Urban 

planners would benefit highly from the resultant watershed maps to see the flood-prone areas 

in Istanbul for future planning practices and pre-hazard precautions.  
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2.3 Appendix C - "Soil Erosion Hazard via RUSLE with Urban Growth in Istanbul, Turkey " 

Soil erosion risk assessment is necessary for sustainable land use management.An assessment of 

the soil loss under land use changed conditions is valuable for understanding how the different 

land use classes canaffect soil erosion and to predict the impacts. In this study it is aimed to 

evaluate the potential soil erosion in Istanbul Metropolitan Area with geographical information 

systems (GIS), remote sensing (RS) methods coupling with Revised Universal Soil Loss 

Equation (RUSLE) model. The results of the study provides useful information for decision 

makers and planners to understand the characteristics of the study area interms of potential soil 

loss. The resultant maps indicates that European side of Istanbul is more prone to erosion than 

Anatolian side.  

 

2.4Conclusion 

Although no consensus has been reached on the definition of the quality of life (QoL), most 

researchers would agree that QoL is a multidimensional construct covering, economic, social, 

natural, physical well-being. Quality of life in Istanbul can be examined in terms of floods and 

soil erosion hazards based on social and economic structure of the districts combined with the 

change of landuse information. For this study factor analysis (Li and Weng, 2007) and 

regression analysis should be considered and examined. Although multi-temporal satellite data 

are limited to 1984 forward, they can be utilized for later times to improve the classification 

accuracy. Examining detailed district landuse developments separately would lead to better 

understanding of the LULC trajectories and the impacts of change on hazards. As a future 

work, a synthesis paper may survey the quality of life in Istanbul Metropolitan Area. 
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Abstract 

 

Istanbul has seen uncontrolled urbanization and immigration, causing the city to develop 

without a viable land use plan. Such rapid urbanization has contributed to mounting disasters. 

Monitoring the dynamics of land use land cover (LULC) change using remote sensing (RS) and 

geographic information systems (GIS) techniques provides accurate and timely information for 

actions to provide a safe and high-quality urban life. In this study two LULC change detection 

methods were compared for performances over Istanbul, with medium resolution satellite 

images. The post-classification comparison (PCC) and the principal component analysis (PCA) 

of stacked multi-temporal images methods were compared based on their accuracy. The PCC 

has been widely used for LULC change detection analysis. This method is based on the 

classification of the images and comparison of the classifications on a pixel-to-pixel basis, 

producing a conversion matrix.The PCA change detection method was compared to the 

conventional method based on the improvement of the accuracy in change detection.Detecting 

the urban environment changes with medium resolution satellite imagery has some spectral 

problems, but because of its comparatively long-term data record we used Landsat-based 

satellite imagery from 1984 to 2010 to map changes in Istanbul. GPS data dated to 2005, 

topographic maps dated 1987, 2005 IKONOS image and 1995 orthophotos were utilized as 

reference data during the supervised classification procedures.Although errors and confusion 

exist, PCC performed better than PCA with the overall accuracy of 89% and Kappa coefficientof 

0.89, where PCA showed results of 87% and 0.86respectively for the time period of 1984-1997. 

As PCC gave better results, it was utilized for the 1984 to 2010 time period to detect the 
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temporal and spatial LULCfor the Istanbul metropolitan area, Turkey. Results showed that the 

impervious area had expandedaround 50% between 1984 and 2010 while agricultural land 

decreased 44%in the same period.Most of the LULC change was conversion from agricultural 

land to impervious land.  

 

Keywords:change detection, landuse, land cover, Landsat, principal component analysis (PCA), 

post-classification comparison (PCC), supervised classification, Istanbul, Turkey. 
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1. Introduction 

Istanbul has been experiencing big changes in its natural environment, due to the rapid 

population increase that spurred unregulated urban growth, mostly after mid-20th century. 

Industrialization activities after 1950s increased the attraction of Istanbul (Keçeli et al. 2008). 

Migration to Istanbul from rural areas peaked between the 1970s and 1990s. This rapid 

population increase in the city caused unregulatedlanduse conversions. Uncontrolled 

development in the city came with its consequences such as loss of green space, traffic 

problems, insufficient infrastructures, vulnerability to natural events, environmental problems, 

pollution and water scarcity. Istanbul, which is an historically and economically important city 

not only to Turkey but also to theworld, started to suffer especially after 1970s, due in part to 

the increase in motor vehicles and population as a result of economic reform policies that took 

place at those years.  

 

Istanbul developed towards Gebze on the east side and in the direction of Avcılar- 

Büyükçekmece along the E-5 highway on the west side (Karaburun et. al., 2010).Rapid 

population growth has led to  squatter housing in Istanbul with poor quality. Western and 

easternregions of Istanbul have agricultural use as dominant land use type. Unfortunately, 

increasing amounts of agricultural land has been converted into impervious land every year. 

Marmara Sea is one of the main boundaries that limits the growth of the city to south. Becuase 

of the Marmara Sea urban growth took place along the coast of Marmara Sea and Bosphorus. 

Although forest areas in the north part of the city pose an obstacle, poor quality illegal housing 

developments occurred in these areas, harming the forest land and environment (Karaburun et 

al, 2010).Unregulated changes in the LULC caused natural events turn into natural disasters. 
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Floods, soil erosion, and earthquakes are some of the natural events that occur in Istanbul 

frequently. In the last 30 years these events became disasters as they claimedlives and property. 

As the city grows more impervious, it cannot  protect against natural events. 

 

Rapid large-scaleurbanization without proper planning has thus putIstanbulin a more 

vulnerable position againstnatural disasters. Detecting and monitoring the LULC changes in the 

area and provide accurate information to managers and city authorities is therefore an urgent 

need.Timely and accurate change detection of land use would lead to a better understanding of 

the relationships between humans, offering solutions to protect both humans and natural 

resources against disasters  (Lu et. al. 2004). Remote Sensing (RS) and Geographic Information 

Systems (GIS) are among the most useful tools to map and monitor changes in the city. Decision 

makers can benefit from RS and GIS to evaluate the impact of urban change on natural events. 

 

Change detection is the process of identifying differences in the state of an object by observing it 

at different times (Singh 1989). LULC change detection is used to gather information on type, 

amount and location of the changes occured in a specific time interval(Collins and Woodcock 

1994; Yeh and Li 1997; Macleod and Congalton 1998; Yeh and Li 1999;Lu et.al. 2004; Rogan and 

Chen 2004). 

 

This study testedtwo well-known change detection methods over Istanbul Metropolitan Area 

for 1984-1997 time interval using multitemporal satellite data. The best performing method was 

used to monitor the change in the study area between 1984 to 2010.  
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There are many common change detection methods that are used frequently, but there is no one 

best method. Selecting the best method for the project and the study area is important (Deng et 

al. 2008). Between all change detection methods and algorithms it is not possible to choose one 

as the best. Each has its strength and weakness.The methods compared in this research are post-

classification comparison (PCC) and principal component analysis (PCA). In this research PCC 

and PCA are compared to understand their performances over Istanbul.Both methods have 

been in use for detecting changes in urban areas for many years (Singh 1989; Jensen and Cowen 

1999;Seto et.al. 2002; Li and Yeh, 2004; Deng et al. 2008). The PCC methodhas a big advantage to 

provide a from-to information for each classification class. The change quantity and rate of each 

LULC class can be obtained from the change matrix (Jensen, 1996;Stow et al. 1980, Lambin and 

Strahler, 1994). Although PCC is easy to implement, it is highly sensitive to the individual 

classification accuracies (Deng etal.2008).The second method, a pre-classification spectral 

change detection method, PCA does not provide the nature of the change in a table. PCA 

method results in a single image with changes highlighted on it. Advantage of PCA method is 

that it is based on the detection of differences between images. This is the main advantage of the 

PCA over the PCC method (Lunetta and Elvidge 1998, Deng et al. 2008). 

 

This paper aims to (1) compare and find the best performing change detection method for the 

study area and this project; and (2) evaluate the impervious land type changes and understand 

the change tendencies in districts.Results can be usedsubsequently to model the effects of 

urbanization on flood and evaluate erosion events and predictions in Istanbul. 
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2. Study Area 

Istanbul is located on the northwest of Turkey, between 40o48’ - 41o36’ N latitude and 27o58’ – 

29o 56’E longitude, neighboring Tekirdag on the west and Kocaeli on the east side. Study area 

has a total area of 5712km2.Istanbul has coastlines on the Black Sea on the north and on the 

Marmara sea on the south. It spreads out along the Bosphorus, acting like a bridge connecting 

Anatolia to Europe (Fig.1). 

 

Istanbul is the largest metropolitan of the regionandhas the largest population in Turkey. 

Istanbul is the city with the mostindustrial/commercial activities in Turkey (Bonine, 1997; 

Maktav and Erbek 2005; Kaya and Curran 2006). Since the city is the most important center for 

the industry and commerce it receives the highest immigrant population from rural areas (Koc, 

2005). The population of the city was 3.904.558 in 1975 and in 25 years this amount increased 

more than double and became 10.072.447 in 2000 (Koc, 2005).Based on census data from 2012 

the population is over 15.000.000;65% of the citizens live in European side and 35% of them are 

on the Asian side of the city (Table 1). 

 

In Istanbul ongoing mass-migration and urban sprawl has caused many problems related to 

environment such as floods and soil loss (Kaya et al, 1998). Life sources such as water basins, 

forests, and other green spaces  of Istanbul are located in the green belt that surrounds the city 

to the north (Goksel, 1998; Seker et al, 2003). Although the comprehensive master plan of 

Istanbul forbids any development on this green belt, the large population increase and rapid 

urbanization has cause the city sprawl northwards, promoting many changes in the land use  

(Goksel, 1998). 
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3. Data and Methods 

Multitemporal satellite data fromLandsat TM and ETM+datawere usedin this study. Landsat 

images from 1984 and 1997 were used to compare the change detection methods.1984, 1997, 

2001, 2007 and 2010 Landsat images were used to explore the urban change in the metropolitan 

area. 1984 and 1997 satellite images were chosen for the selection of the better method for this 

area since the years of available reference datasets are 1987 topographic maps, 1995 

orthophotos. IKONOS 2005 image, GPS field data dated to 2005were also used for visual 

analysis and interpretation of the classification process when needed.All datasets were 

georeferenced as WGS 1984 UTM Zone 35. All raster data have 28.5m spatial resolution. 

Landsat imageries were rectified using 1:25000 scale topographic maps. 

 

Free Landsat TM and ETM+ datawere downloaded from the US Geological Survey (USGS) 

website.Study area was covered with 2 Landsat images for each year. All Landsat images were 

corrected atmospherically and radiometrically using the COST model (Markham and Barker, 

1986). For change detection applications accurate geometric correctness is thekey. Any 

misregistraton greater than one pixel could produce significant errors in change detection 

process since the method is pixel-based.Topographic maps, orthophotos and GPS points were 

used to rectify the satellite images. For an accurate geometric rectification the RMS error should 

be less than half pixel(Alberti et al, 2004; Bingfang and Haiyan, 1997). In this study 1997 satellite 

image was rectified with 1987 topo map, 1995 orthophoto, 2005 GPS data. Rest of the satellite 

images were rectified one-by-one according to 1997 image and less than half pixel RMS error 

was achieved for each imagery. 
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Post-classification comparison (PCC) and principal component analyses (PCA) based change 

detection techniques were compared for land use/cover changes over time in Istanbul area. Both 

techniques are used heavily for change detection applications in the last years for different 

regions (Yeh and Li 1997; Weng 2001; Seto et al 2002; Li and Yeh 2004; Deng et al 2008; Deng et 

al 2009). 

 

PCCmethod (Howarth & Wickware, 1981) uses two or more images that are classified 

individually. This method avoids problems at the pixel level such as shadows (Jensen 1996). 

This method has an advantage that provides the conversion matrix that helps to identify not 

only the amount and location of change but also the nature of change. From-to change matrix 

shows every possible land-use/ land-cover change and shows the locations of the change class 

(Jensen, 2005). However as Fung and Zhang (1989) showed as this method has been indicated 

that the comparison is still subject to the error originated from the mis-classification of the 

independently classified images. This problem occurs mostly because of the atmospheric 

radiation and/or the change of position of the sun and/or sensor that may affect image spectral 

properties. This would lead to an over-estimation of change.Therefore PCA method was also 

applied to the study area (Byrne et al, 1980) becausethis method is also a pixel-to-pixel based 

analysis but does not require a pre-classification of the data. This technique would overcome 

the over-estimation of the amount of change (Li and Yeh, 1998; Li and Yeh, 2004). The PCA 

method involves stacking two or more imagestogether and created the same spectral signature 

for a land use/cover type. PCA uses two dates of data to create new images that are 

uncorrelated to each other. This method thus enables classifying two multi-temporal images 

simultaneously. The first principal component (PC) explains the maximum amount of the 
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variance in the original data. The second principal component explains most of the variance that 

has not been explained by first PC (Taylor 1977, Deng etal 2009). Standardized PCA (SPCA) was 

applied to the stacked bands (1984 and 1997 landsat image bands stacked together to perform 

PCA).SPCA gives equal weight to both image dates.PCA method is scene dependent and 

therefore interpretation is more difficult. This method has some difficulties to interpret and 

label images and to obtain from-to change class information.  

 

To classify the image an interactive supervised classification method was applied to the stacked 

and compressed image for PCA method. The training areas for supervised classification process 

were created using the compressed 1984-1997 PCA image. Original landsat images for the 2 

years were displayed as false-composites on the screen and then PCA image were live linked to 

false-composites. Reference datasets were also displayed on the screen and live linked to false-

composite images or PCA compressed image when necessary to define the training sites. 

Classes and from-to change classes were defined as a requirement of supervised classification 

process. Isanbul is a large study area. Considering this issue many training sites were picked up 

for each class distributed over the image.  

 

Same classification algorithm was applied to each of the images seperately to perform the PCC 

method as well. Supervised image classificationrequires the analyst define training sites for 

each class. Training areas for supervised classification were selected with the help of original 

1984 and 1997 Landsat images seperately. Images were linked together and signatures of each 

class were identified interactively on screen. Reference data sets were also live linked during 
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defining the training sites when necessary. After picking up thetraining sites distributed over 

the study area, maximum likelihood supervised classification was performed (Fig. 4). 

A modified version of the Anderson scheme of land use/cover classification was adopted. The 

classes are: 

- water (sea, lake and rivers) 

- agricultural land 

- forest area 

- green land (grass or urban green) 

- urban area 

- built-up land (industrial, construction site and land to reserved for urbanization) 

- mine area and bare land 

- roads 

 

Accuracy assessmentused an error matrix that  gave the Overall Accuracy and Kappa Indexof 

Agreement (Congalton and Green 1998; Lillesand and Kiefer 2000, Lillesand etal 2004; Foody 

2002) (Table1). The overall accuracy shows the percentage of correctly categorized pixels over 

total number of sample points (Lillesand etal2004; Jensen 1996). To create the error matrix a 

sampling method should be applied to the data. Stratified random sampling was performed to 

ensure the fair distribution of randomly points over the data, more precise and unbiased results 

(Congalton 1991; Lillesand et al 2004). The result of an accuracy assessment provides us with an 

overall accuracy of the map based on an average of the accuracies for each class in the map. The 

total number of reference pixels is an important issue. As Congalton (1991) suggested, a 

minimum 50 pixels  for assessing the accuracy of each landuse/cover class. Because of the large 
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area, sample pixel  numbers were increasedin the present study. A total of 1663 pixels were 

selected for accuracy assessment via stratified random sampling. Sampling were done 

proportional with the class size.IKONOS 2005 andGPS data dated 2005, the published maps, 

orthophotos and published journal papers were used as reference datato assess the accuracy of 

the change detection study.  

 

The post classification method gave slightly better accuracy results than PCA method. The 

overall accuracy and kappa coefficient values for the PCC method were89.4%, and a kappa 

coefficient of 0.89 for the change results between 1984 and 1997 respectively.The change image 

with PCA method had an overall accuracy of 87%. and kappa coefficient of 0.86.Both 

classifications met the minimum standard of 85% (Anderson et al 1976).In examining the PCC 

producer's accuracy, all of the classes were over 85% but road class was 83%. PCA producer's 

accuracy was achieved good results for Road, Mine and Bare soil and Green landuse classes. 

They have accuracy lower than 85%. In terms of user's accuracy,PCC exceededits producer's 

accuracy. However classification accuracy for Agriculture to Urban and Forest to Urban classes 

were not satisfactory.Other landuse classes showed satisfactory results by being over 90%.  PCA 

user's accuracy was not as satisfactory as PCC accuracy. Green, Agriculture to Urban, Forest to 

Urban, Agriculture to Road classesdid not reach 85% for PCA change detection method.   

 

Although PCA method gave good overall accuracy and kappa index, higher accuracies of PCC 

and easier interpretation seemed compelling reasons to apply PCC method. PCC based 

producer's and user'saccuracies also exceeded PCA results, underscoring further thePCC based 

change detection method to understand the LULC changes in Istanbul Area.  Misclassifications 
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between classes can be seen from the confusion matrix. The confusions may have resulted 

mainly from the spectral and temporal variances of images. Although all images are Landsat 

three os them TM and two of them are ETM+ (Table 2). Seasons are mostly same other than one 

August dated image (Table 2). Difference among years may also have contributed to the 

misclassifications. The study area has high amount of mixed usage areas. Because of the high 

heterogenity of the land spectral mixing might occurred. Despite these problems, results 

showed satisfactory accuracies.The rest of the images (2001, 2007 and 2010) were also classified 

using supervised classification (Fig. 5)and PCC method. From-to change tables (Table 8) were 

obtained for each year after the classification procedure was completed. In this study urban 

growth meant the increase in impervious land. After the detailed landuse classification, 

classified images were reclassified. Road, urban, built-up area, bare soil and mineclasses were 

merged and renamed impervious land class. Water, agricultural land, forest and green area 

classes remained distinct. The impervious land expansion and the change in agricultural land 

within each district/county were summarized for each year utilizing the districts boundry 

vector layer (Table 5 and 6). 

 

To understand the change in the vegetative greenness of the study area NDVI was computed 

for 1984, 1997, 2007 and 2010 images from visible and near-infrared bands. Standardized NDVI 

was computed to avoid any issues while comparing images from 2 different seasons and/or 

days. The bands for each satellite imagery were radiometrically corrected to eliminate the 

atmospheric condition differences. Beside this correction the NDVI values were normalized to 

decrease the seasonal differences between images and to overcome the non-systematic temporal 
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variation of NDVI absolute values (Weng and Lo, 2001). The formula that was presented by 

Weng and Lo (2001) was utilized: 

 

  N* = ( NDVI - NDVI0 ) / ( NDVIs - NDVI0 ) 

whereas NDVI0 is the minimum value and NDVIs is the maximum value. 

 

N* images subtracted from each following year. False color composite images were utilized 

with N* images interactively to define the thresholdvalues for each time period. The threshold 

imageswere reclassified as greenness increase, no change and greenness decrease (Fig.9). These 

greenness images were overlaid with district boundary vector layer and each districts greenness 

change is computed. 
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4. Results and Discussion 

For this study the major landuse/cover changes of interest are agricultural land change and 

impervious land change between 1984 and 2010. Impervious area contains urban area, built up 

land, roads, mine and bare soil classes.Impervious land means/represents the land that would 

not be able to convert back.  

 

In the first period, between 1984 and 1997, Istanbul showed rapid land use change; 

approximately 18% amount of total land area.These changes were chiefly loss of agricultural 

land.20% of overall agricultural land in the area was lost in the first period where 19% of 

impervious area increase occurredduring this period.Between 1985 and 2000 the Istanbul 

populationalmost doubled(Table1),mostly because of the economic and industrial 

developments. The 1999 Marmara Earthquake influenced 1997-2001 changes strongly: Istanbul 

experienced a rapid constructionfrom 1997-2001. Most of the construction was on  urban land 

withearthquake-damaged buildings. Investigation of building strength against earthquakes 

persists today. From 1997 until 20073% of agricultural land was lost and 27% of impervious 

land was developed. Most of the change in this period occurred on the European side, around 

the Sultangazi, Bakırköy, Küçükçekmece districts and between Küçükçekmece Lake and 

Büyükçekmece Lake, where Avcılar, Esenyurt, Beylikdüzü, Başakşehir Districts are 

located.Istanbul lost about 19% agricultural land from 2007-2010 and developed 10% 

impervious area, where the population increased almost 3.000.000 people between 2000 and 

2010 (Table 1) . 
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As a result of this post classification comparison study, it is found that since 1984 Istanbul has 

been faced rapid land use conversion the result of migrationfrom rural areas.These  

conversionsreplaced fertile croplands. Since 1984 Istanbul increased its urban land by 129% 

(Table 7). Its cropland loss is 44% of all agricultural land area. 50% increase is calculated for 

impervious land since 1984. Between 1984 and 2010 forest areas are increased by 9% but green 

areas lost about 8%. 

 

When examining the change in each district it is seen that most of the agricultural land loss 

occurred on the European side.  Büyükçekmece lost around 101 km2 agricultural land where 

Başakşehir lost about 43 km2(Table 5). 14 districts lost over 10 km2 cropland each. 4 of these 

districts are located in the Asian side others are on the European side of the city. While losing 

their agricultural land they also increased impervious area (Table 6). The Başakşehir showed 

greatest change among all districts with approximately39 km2 impervious land increase. This 

district was established in 2008 by combining some of the Küçükçekmece and Esenler 

neighborhoods.The Büyükçekmece District showed38 km2 impervious land since 1984. Çatalca, 

Küçükçekmece, Sultangazi (Anatolian Side), Bayrampaşa, Eyüp, Gaziosmanpaşa, Arnavutköy, 

Çekmeköy (Anatolian Side), Ümraniye (Anatolian Side), Silivri (Anatolian Side), Sultanbeyli 

(Anatolian Side), Bahçelievler, Avcılar, Esenyurt are the leading districts that increased their 

impervious land more than 10 km2.Most of them are European Side districts and located on the 

valuable agricultural land. Istanbul lost its 592.52 km2 agricultural land and gained 396.56 km2 

impervious area in 23 years with more than doubling its population (increase of 7277598 citizen) 

(Table 1). 
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5. Summary  and Conclusion 

In this study two change detection methods were compared  to understand  urbanization and 

landuse change tendencies in Istanbul Metropolitan Area. The overall accuracies and Kappa 

indices of the landuse change detection for 1984-1997 period for both methods were similar. 

Since post comparison classification method performed better to assess the change of landuse in 

Istanbul between 1984 and 2010 this method was used.Misclassifications occuredchiefly because 

of the spectral mixing of landuse classes;spatialresolution of the  satellite image was 28.5m, thus 

may cover more than one landuse class. Despite this lower spatial resolution, acqusition cost 

and availability were compelling reasons to use the Landsat imagery.Multitemporal data are 

required to do the change detection. Each year Landsat images were  selected to be close in 

acquisition date. (Same season, same month could not be achieved because of the availability 

and quality issues.) The closest dates were chosen. June 1984, May 1997, May 2001, June 2007 

and August 2010 were available best quality data for that coverage.Comparing each year with 

other may have resulted in some spectral signature differences because of the different seasonal 

times.Mostly urban, road and built-up land classes spectral signatures are similar to each other 

and caused some confusions during the classification.For an urban change detection study 

higher resolution data would be beneficial to decrease the spectral mixture problem and 

increase the classification accuracy. 

 

The results of the change detection analysis showed that Istanbul has been experiencing  rapid  

land use conversions since 1984. 129% of urbanization in 26 years is impressive for the given 
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economic and industrial growth of Istanbul. However, rapid urban development usually comes 

with serious environmental problems such as pollution, water issues, resistance against natural 

hazards.This urbanization should be investigated in terms of quality of life in the city since 

most of the conversion in the area is from agricultural land to impervious. 
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Tables and Figures 

Table 1.Population distribution in Istanbul Metropolitan Area (1980 - 2010). 

ISTANBUL 

DISTRICTS 
1985 1990 2000 2007 2010 

ADALAR 14785 19413 17760 334051 14221 
ARNAVUTKOY 90228       180080 

ATASEHIR         375208 
AVCILAR   126493 233749 719267 364682 

BAGCILAR   291457 556519 571711 738809 
BAHCELIEVLER   298211 478623 214821 590063 

BAKIRKOY 1238342 301673 208398 214821 219145 
BASAKSEHIR         248467 

BAYRAMPASA   212570 246006 272196 269481 
BESIKTAS 204911 192210 190813 191513 184390 
BEYKOZ 136063 161609 188044 241833 221542 

BEYLIKDUZU         204863 
BEYOGLU 245999 229000 231900 247256 248084 

BUYUKCEKMECE   142910 373407 688774 182017 
CATALCA 117380 64241 26032 89158 35337 

CEKMEKOY         163525 
EMINONU 93383 83444 556351 32536   
ESENLER   223826 380709 517235 461072 

ESENYURT         446777 
EYUP 377187 211986 235116 325532 331551 

FATIH 497459 462464 403508 422941 431147 
GAZIOSMANPASA 289841 393667 722226 1013048 474259 

GUNGOREN   213109 272950 318545 309624 
KADIKOY 577863 648282 663299 744670 532835 

KAGITHANE   269042 345239 418229 416515 
KARTAL 572546 273572 399242 541209 432199 

KUCUKCEKMECE   352926 593520 785392 695988 
MALTEPE   254256 355384 415117 438257 
PENDIK   200907 384668 520486 581633 

SANCAKTEPE         254784 
SARIYER 147503 171872 219032 276407 253649 

SILE 19310 25372 10262 25169 12311 
SILIVRI 55625 77599 44530 125364 126218 

SISLI 526526 250478 270674 314684 317337 
SULTANBEYLI   82298 175700 272758 291063 
SULTANGAZI         468274 

TUZLA   96150 107883 165239 185816 
UMRANIYE   303434 549985 897260 603431 
USKUDAR 490185 395623 495118 582666 526947 

ZEYTINBURNU 147849 165679 247669 288743 292430 
TOTAL 5842985 7195773 10184316 12788631 13120583 
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Table 2.Satellite images aquisition years and sensors for each year 

 

YEAR SENSOR 

AQUSITION 

MONTH 

1984 Landsat TM June 

1997 Landsat ETM+ May 

2001 Landsat ETM+ May 

2007 Landsat TM June 

2010 Landsat TM August 
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Table 3. Error matrix and overall accuracy and kappa coefficient for PCA methods respectively 

Classified Data 

Reference Data Prdc's 

acc (%) 

User's 

acc (%) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 TOTAL 

1.Agriculture 152   1 6 2 4 9 1             175 0.89 0.87 
2.Forest 1 149   6 1 2 15               174 0.93 0.86 
3.Urban 2 1 148 7 9 3 1       1   1   173 0.90 0.86 
4.Road 1   1 146 2 3   2     1       156 0.73 0.94 
5.Builtup 2 1 3 2 138 3   1     2 1 2   155 0.85 0.89 
6.Mine/bare soil 1   1 4 2 104         2       114 0.77 0.91 
7.Green/grass 8 6 4       85               103 0.72 0.83 
8.Water 2     5 1   1 89             98 0.96 0.91 
9.Agr to Urb     2 5 2 4 2   77   5   6   103 0.94 0.75 
10.For to Urb 1 2   5 3 2 2     62   1   1 79 0.98 0.78 
11.Agr to 
Builtup     2 3 2 2 1   2   93   1   106 

0.88 0.88 

12.For to Builtup       7   1       1   64   1 74 0.97 0.86 
13.Agr to Road     2 3 1 6     3   2   72   89 0.88 0.81 
14.For to Road   1       1 2             60 64 0.97 0.94 

TOTAL 170 160 164 199 163 135 118 93 82 63 106 66 82 62 1663     

 

Overall 0.87 

Kappa 0.86 

 

 



49 

 

Table 4. Error matrix and overall accuracy and kappa coefficient for Post-classification method. 

Classified Data 
Reference Data   Prd's 

acc (%) 

User's 

acc (%) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 TOTAL 

1.Agriculture 162   1 2 2 1 1 1             170 0.90 0.95 

2.Forest 1 142   1 1 2 5               152 0.93 0.93 

3.Urban 2 1 131 3 2 3 1       1   1   145 0.87 0.90 

4.Road 1   1 126 2 2   2     1       135 0.83 0.93 

5.Builtup 2 1 3 2 137 3   1     2 1 2   154 0.87 0.89 

6.Mine/bare soil 1   1 1 4 142         2       151 0.85 0.94 

7.Green/grass 8 6 4       102               120 0.89 0.85 

8.Water 2     1 1   1 62             67 0.94 0.93 

9.Agr to Urb     2 5 2 4 2   62   5   6   88 0.93 0.70 

10.For to Urb 1 2 3 3 3 3 2     58   3   4 82 0.98 0.71 

11.Agr to Builtup     2 3 2 2 1   2   113   1   126 0.90 0.90 

12.For to Builtup       2   1       1   55   1 60 0.92 0.92 

13.Agr to Road     2 3 1 2     3   2   107   120 0.91 0.89 

14.For to Road   1       3           1   88 93 0.95 0.95 

TOTAL 180 153 150 152 157 168 115 66 67 59 126 60 117 93 1663     

 

Overall 0.89 

Kappa 0.89 
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Table 5.LULC change amounts (in ha) between 1984 and 2010 sorted by the decrease in 

agricultural land by district. Negative values (reds) represents increase in that landuse/cover 

type where positive values (blues) shows decrease. 

DISTRICTS AGR8410 FOR8410 IMP8410 GRE8410 

BUYUKCEKMECE 10117.71 -360.96 -3750.02 1461.40 
CATALCA 6445.88 44863.57 -2106.56 10758.25 
BEYKOZ 5508.19 21335.05 -822.08 1635.06 

ARNAVUTKOY 4428.74 12565.10 -1557.52 8553.64 
BASAKSEHIR 4337.50 202.41 -3924.22 4221.43 

PENDIK 3944.61 5842.51 3170.46 3714.50 
SILIVRI 3660.44 12469.66 -1392.92 5791.34 

SARIYER 2762.79 8191.46 996.96 1384.89 
AVCILAR 2068.07 94.14 -1056.57 620.97 

BEYLIKDUZU 2033.96 -10.07 -207.20 272.67 
EYUP 1929.04 11375.97 -1718.92 1356.21 

SANCAKTEPE 1805.47 1887.91 302.89 1028.80 
TUZLA 1261.02 1435.73 122.24 2879.51 

ESENYURT 1260.94 -10072.39 -958.46 -654.10 
UMRANIYE 942.27 54.10 -1506.80 -2148.16 

SULTANBEYLI 923.85 62.79 -1341.84 357.71 
BAKIRKOY 861.80 6.58 -275.84 68.39 

KUCUKCEKMECE 740.93 -50.85 -1952.93 256.35 
MALTEPE 552.04 -21648.90 287.13 -2453.64 
USKUDAR 488.44 -12327.52 -1257.44 -3272.47 
BAGCILAR 450.72 -1416.48 -151.00 -71.07 

SISLI 418.71 857.74 514.80 681.64 
ATASEHIR 403.20 5.52 737.85 532.67 
BESIKTAS 382.14 -6420.19 -3423.15 -2086.83 

SULTANGAZI 326.02 294.20 -1853.23 1046.67 
KAGITHANE 245.65 -1579.01 -2965.12 -1495.19 

KARTAL 216.91 705.11 381.84 86.99 
ESENLER 178.48 -64.57 -997.61 -240.02 

SILE 162.50 46323.43 1424.12 4618.05 
GAZIOSMANPASA 106.85 -47694.18 -1592.09 -4631.37 

BAYRAMPASA 90.60 -738.17 -1764.78 -265.28 
CEKMEKOY 80.47 -40029.39 -1528.84 -8976.58 
KADIKOY 67.17 -1720.59 -114.53 -696.67 

FATIH 46.36 -15600.56 -285.86 -7134.40 
ZEYTINBURNU 22.63 -9699.32 -1080.86 -1833.17 

BEYOGLU 19.38 -693.91 -1158.51 -618.20 
GUNGOREN 19.24 -853.35 -2049.39 -659.71 

BAHCELIEVLER -15.68 -283.15 -1161.03 -394.35 

ADALAR -43.45 -14001.00 -3638.72 -8815.59 

TOTAL 59251.59 -16691.58 -39655.75 4880.33 
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Table 6.LULC change amounts (in ha) between 1984 and 2010 sorted by the increase in 

impervious land by district. Negative values (reds) represents increase in that landuse/cover 

type where positive values (blues) shows decrease. 

DISTRICTS AGR8410 FOR8410 IMP8410 GRE8410 

BASAKSEHIR 4337.50 202.41 -3924.22 4221.43 
BUYUKCEKMECE 10117.71 -360.96 -3750.02 1461.40 

ADALAR -43.45 -14001.00 -3638.72 -8815.59 
BESIKTAS 382.14 -6420.19 -3423.15 -2086.83 

KAGITHANE 245.65 -1579.01 -2965.12 -1495.19 
CATALCA 6445.88 44863.57 -2106.56 10758.25 

GUNGOREN 19.24 -853.35 -2049.39 -659.71 
KUCUKCEKMECE 740.93 -50.85 -1952.93 256.35 

SULTANGAZI 326.02 294.20 -1853.23 1046.67 
BAYRAMPASA 90.60 -738.17 -1764.78 -265.28 

EYUP 1929.04 11375.97 -1718.92 1356.21 
GAZIOSMANPASA 106.85 -47694.18 -1592.09 -4631.37 

ARNAVUTKOY 4428.74 12565.10 -1557.52 8553.64 
CEKMEKOY 80.47 -40029.39 -1528.84 -8976.58 
UMRANIYE 942.27 54.10 -1506.80 -2148.16 

SILIVRI 3660.44 12469.66 -1392.92 5791.34 
SULTANBEYLI 923.85 62.79 -1341.84 357.71 

USKUDAR 488.44 -12327.52 -1257.44 -3272.47 
BAHCELIEVLER -15.68 -283.15 -1161.03 -394.35 

BEYOGLU 19.38 -693.91 -1158.51 -618.20 
ZEYTINBURNU 22.63 -9699.32 -1080.86 -1833.17 

AVCILAR 2068.07 94.14 -1056.57 620.97 
ESENLER 178.48 -64.57 -997.61 -240.02 

ESENYURT 1260.94 -10072.39 -958.46 -654.10 
BEYKOZ 5508.19 21335.05 -822.08 1635.06 

FATIH 46.36 -15600.56 -285.86 -7134.40 
BAKIRKOY 861.80 6.58 -275.84 68.39 

BEYLIKDUZU 2033.96 -10.07 -207.20 272.67 
BAGCILAR 450.72 -1416.48 -151.00 -71.07 
KADIKOY 67.17 -1720.59 -114.53 -696.67 

TUZLA 1261.02 1435.73 122.24 2879.51 
MALTEPE 552.04 -21648.90 287.13 -2453.64 

SANCAKTEPE 1805.47 1887.91 302.89 1028.80 
KARTAL 216.91 705.11 381.84 86.99 

SISLI 418.71 857.74 514.80 681.64 
ATASEHIR 403.20 5.52 737.85 532.67 
SARIYER 2762.79 8191.46 996.96 1384.89 

SILE 162.50 46323.43 1424.12 4618.05 

PENDIK 3944.61 5842.51 3170.46 3714.50 

TOTAL 59251.59 -16691.58 -39655.75 4880.33 
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Table 7. Landuse /land cover change in Istanbul between 1984 and 2010. Table shows that 

urban area more than doubled between 1984 and 2010 where agricultural land lost its almost 

half area. 

Land use/cover 

Type 

Total Area (ha) Change (%) 

1984 1997 2007 2010 84-97 97-07 07-10 84-10 

Urban Area 17256.33 25445.6 30793.21 39573.06 78 21.02 28.51 129 

Impervious Area 
(Urban, Road, 
Built-up, Mine 
and Bare soil) 

81101.86 95698.48 107670.89 116457.6 19.23 26.75 10.13 49.51 

Agricultural Land 135591.98 108333.19 105742,54 71640,4 -20.12 -2,75 -19.08 -43,76 

Others (Forest, 
Green) 

243912.25 256139.95 245821.5 260255,1 5.02 -4.03 5,87 6,70 

 

 

 



53 

 

Table 8. From - to Tables for 1984-1997, 1997-2001, 2001-2007 and 2007-2010 respectively 

(percentages and hectares in paranthesis) 

1984\ 1997 Agriculture  Forest Urban Roads 
Mine/ 

BareSoil 

Builtup/ 

Ind 

Grass/ 

Green 
Water 

Agriculture  
74.4% 

(79524.2) 
0.95 (1010) 5.26 (5621) 5.88 (6288) 

4.53 
(4838) 

6.1 (6521) 2.33 (2485) 0.52 (555) 

Forest 
2.49 

(4467.5) 
90.19% 

(161863) 
1.06 (1905) 1.24 (2231) 

0.80 
(1441) 

2.69 (4819) 1.18 (2122) 0.37 (622) 

Urban 0.76 (281) 0.78 (287) 
89.27% 

(32974) 
3.09 (1142) 0.56 (207) 3.41 (1261) 2.08 (769) 0.046 (17) 

Roads 1.25 (355) 0.86 (244) 2.86 (812) 
74.15% 

(21025) 

3.54 
(1004) 

10.54 
(2988) 

6.43 (1822) 
0.37 

(104.5) 

Mine/ 

BareSoil 
3.51 (308) 1.36 (119) 2.73 (240) 

16.45 
(1445) 

45.32% 

(3981) 

24.59 
(2160) 

2.38 (209) 3.68 (323) 

Builtup/ 

Ind 
1.86 (464) 2.27 (566) 

44.06 
(11004) 

21.57 
(5387) 

4.87 
(1216) 

19.51% 

(4872) 
5.27 (1315) 0.62 (154) 

Grass/ 

Green 

15.78 
(10916.7) 

13.54 
(9363)                   

2.09 (1442) 4.54 (3141) 
10.21 
(7065) 

7.03 (4866) 
37.53% 

(25959) 

9.29 
(6424) 

Water 0.03 (70.5) 0.1     (250) 0.03     (72) 1.62 (4245) 0.17 (446) 0.80 (2106) 0.07 (186) 
97.19% 

(254714) 

1997/2001 Agriculture  Forest  Urban  Roads  
Mine/ 

BareSoil 

Builtup/ 

Ind 

Grass/ 

Green 
Water 

Agriculture  
81.97% 

(285463.5) 

1.62 
(5637.6) 

8.68 
(30231.6) 

2.44 
(8480.8) 

0.51 
(1786.3) 

3.88 
(13493.8) 

0.83 
(2905.4) 

0.08 
(270.7) 

Forest 
5.33 

(10391.5) 
85.52% 

(166833.1) 

0.09 
(166.5) 

0.85 
(1660.2) 

0.36 
(693.4) 

0.2 (391.5) 
7.06 

(13764.5) 
0.6 

(1172.3) 

Urban  1.13 (381.4) 
3.49 

(1180.4) 
76.84% 

(25981.9) 

9.49 
(3210.6) 

1.24 
(417.6) 

4.46 
(1508.5) 

3.15 
(1065.4) 

0.19 
(67.3) 

Roads  1.33 (464.7) 
4.61 

(1608.7) 
14.57 

(5082.5) 
49.07% 

(17117.8) 

4.75 
(1655.5) 

16.45 
(5737.7) 

5.76 
(2008.2) 

3.48 
(1213.2) 

Mine/ 

BareSoil  
0.78 (124.3) 

1.79 
(285.2) 

5.91 
(942.5) 

23.11 
(3684.1) 

28.22% 

(4498.5) 

34.90 
(5562.5) 

4.13 
(658.1) 

1.15 
(183.6) 

Builtup/ 

Ind  
0.64 (125.9) 

1.42 
(280.4) 

29.65 
(5872.8) 

13.38 
(2650) 

3.47 
(687.4) 

45.06% 

(8925.6) 

4.52 
(895.2) 

1.88 
(371.6) 

Grass/ 

Green 

30.61 
(30208.2) 

35.34 
(34877.6) 

1.31 
(1292.5) 

6.64 
(6554.6) 

1.51 
(1485.7) 

1.87 
(1841.9) 

22.20% 

(21914.5) 
0.53 (523) 

Water 0.27 (671.7) 
0.4 

(1002.1) 
0.01   

(30.3) 
0.56 

(1420.9) 
1 (2537.9) 

0.05 
(126.3) 

0.26 (656) 
97.46% 

(247005.9

) 
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2001/2007 Agriculture  Forest  Urban  Roads  
Mine/ 

BareSoil 

Builtup/ 

Ind 

Grass/ 

Green 
Water 

Agriculture  
84.63% 

(113514.1) 

0.58 
(774.7) 

3.61 
(4840.9) 

2.65 
(3559.3) 

1.88 
(2527.9) 

5.41 
(7251.9) 

1.13 
(1514.5) 

0.1 
(139.2) 

Forest 0.23     (568) 
91.9% 

(223990.8) 

0.79 
(1932.7) 

2.69 
(6564.4) 

0.24 
(589.9) 

2.42 
(5888.7) 

1.69 
(4118.7) 

0.03 
(80.9) 

Urban  1.36     (403) 0.17  (49.5) 
89.03% 

(26332) 

6.65 
(1968.1) 

0.23 
(68.5) 

2.40 
(709.6) 

0.15  (44) 0.01 (2.6) 

Roads  2.57  (960.5) 2.42   (905) 
4.65 

(1738.6076
) 

78.09% 

(29203.5) 
2.14 (800) 

7.38 
(2758.9) 

1.30 
(486.4) 

1.45 (544) 

Mine/ 

BareSoil  
1.37  (193.9) 

0.94 
(133.8) 

3 
(424.29328

) 

5.78 
(818.5) 

44.57 

(6311.8) 

25.88 
(3664.8) 

2.80 
(396.4) 

15.66 
(2217) 

Builtup/ 

Ind  
1.51  (260.3) 

1.12 
(192.3) 

45.45 
(7826.1) 

28.11 
(4840.5) 

5.08 
(874.9) 

11.68% 

(2012) 
6.86 (1181) 

0.20 
(33.6) 

Grass/ 

Green 

6.50 
(4126.5) 

5.40 (3429) 
3.04 

(1928.3) 
5.01 

(3179.3) 
0.58 

(366.6) 
16.18 

(10271.2) 
62.62% 

(39742.5) 

0.66 
(420.9) 

Water 
1.29 

(3251.9) 
1.08 

(2713.8) 
0.01 (17.7) 

0.33 
(822.2) 

0.33 
(830.6) 

0.5 
(1249.3) 

2.05 
(5137.5) 

94.42% 

(237123.1

) 

2007/2010 Agriculture  Forest  Urban  Roads  
Mine/ 

BareSoil 

Builtup/ 

Ind 

Grass/ 

Green 
Water 

Agriculture  
85.65% 

(88901.5) 
1.45 (1509) 

2.98 
(3090.01) 

1.22 (1267) 0.37 (379) 
0.92 

(954.2) 
7.04 (7311) 

0.37 
(386.3) 

Forest 
3.19 

(7123.5) 
88.9% 

(198264.8) 

0.89 
(1987.6) 

2.31 
(5140.7) 

0.44 
(983.2) 

0.92 
(2050.3) 

2.87 
(6390.2) 

0.49 
(1084.9) 

Urban  
2.46 

(1217.6) 
2.46 (1214) 

84.88% 

(41951.7) 

3.7 
(1828.4) 

0.74 
(366.9) 

4.36 
(2155.3) 

1.12   (555) 
0.28 

(136.4) 

Roads  
4.23 

(2545.6) 
3.25 

(1957.6) 
13.36 

(8040.6) 
73.09% 

(43990.9) 
0.69 (419) 

3.45 
(2078.4) 

1.16 
(696.6) 

0.76 
(459.8) 

Mine/ 

BareSoil  
3.7  (430.3) 2.8  (326.3) 

25.53 
(2975.1) 

14.54 
(1694.1) 

22.87% 

(2664.7) 

24.03 
(2800.7) 

3.87 
(451.3) 

2.68 
(311.8) 

Builtup/ 

Ind  
1.23 (684.7) 

1.79 
(999.4) 

45.64 
(25423.9) 

13.81 
(7693.5) 

0.62 
(342.8) 

30.87% 

(17194.3) 

4.55 
(2534.3) 

1.5 
(835.6) 

Grass/ 

Green 
3.59 (978.7) 

3.19 
(869.6) 

4.73 (1290) 
6.65 

(1815.1) 
0.36 

(96.8) 
3.51 

(957.7) 
77.60% 

(21170.7) 
0.37 (102) 

Water 
1.29 

(3615.5) 
0.88 

(2458.1) 
1.28 

(3583.3) 
3.62 

(10178) 
0.38 

(1066.3) 
0.37 

(1044.6) 
0.17 

(466.9) 

92.02% 

(258466.4

) 
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Figure 1. Study Area, Istanbul, Turkey. Istanbul is located in the northwest part of Turkey. On 

the northern part of Istanbul there is Black Sea, on the south there is Marmara Sea. Istanbul is 

divided into 2 by Bosphorus as European side and Anatolian side. 
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Figure 2. Population change in Istanbul's districts since1985. Blue bars represents population 

change in 1985-2000 time period and red bars respresents the change between 2000 and 2010 

population.After 1999 Marmara Earthquake new district municipalities established. After 

1999 Bakırköy district seperated into several districts with their own municipalities. Because 

of that its population showed a big decrease. This seperation happened not only in Bakırköy 

but some other larger districts were decomposed. Esenler, Küçükçekmece, Bahçelievler, 

Bağcılar, Güngören, Başakşehir, Çekmeköy, Esenyurt Districts are some of the new developed 

districts.  
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Figure 3. Landsat TM and ETM multi-

temporal images for Istanbul, Turkey. 

Images were tried to be selected from same 

seasons and same sensors as much as 

possible to decrease the seasonal differences 

during the analysis. 
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   (a) 

 

 

(b) 

 

 

                                  (c)                                                                (d)

Figure 4. 1984 -1997 PCA (a) and PCA classification (b) and 1984 (c) and 1997 (d) post-

classification images, respectively. During PCA classification 1984, 1997 and reference maps 

were all geographically linked to each other to be able to see the changes in landuse/ 

landcover between years. At the end non-change and changed classes were defined. For PCC 

process each imagery classified seperately with the help of reference data sets. Change 

location and nature was defined after the classification process was completed. 
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Figure 5. 2001, 2007 and 2010classified Landsat images. Red color represents the urban 

areaswhere dark yellow is the agricultural land and purple shows the built-up areas. Black is 

the roads. Forest is shown with dark green. Istanbul experienced an urban growth towards 

west-east direction because of natural boundaries on north (forest) and south (Marmara Sea) 

since 1984. Most of the agricultural lands in European side was converted into impervious 

land between 1984 and 2010. 
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Figure 6.Impervious land change between 1984 and 2010 in hectares is shown in the figure. 

Negative values (in blue) indicates increase whereas positive values (in color red) presents a 

decrease in amount. This map shows that European Side experienced more urbanization 

between 1984 and 2010 than Anatolian Side. Buyukcekmece district and northern part of 

Kucukcekmece experiences urbanization the most. 

 

 

Figure 7. Agricultural land change between 1984 and 2010 in hectares. Negative values, showed 

in red color, indicates increase whereas positive values presents a decrease in amount. Other 

than the islands Istanbul didnot experience an increase in agricultural land. Most of the loss 

occured in European Side especially around Buyukcekmece district. 
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Figure 8. Greenness change in Istanbul. Red color represents the increase blue color shows the 

decrease in amount of greenness. Greenness change calculated from NDVI images. In 2007-2010 

image greenness decrease on European side appear strangely. This happens because of the 

season difference of the satellite images. 2007 is a June image whereas 2010 is an August image 

that appeared to be a drier month of the year and most probably the crops were harvested that 

leads vegetation spectral signature different on both images. Increase in greenness mostly on 

the Anatolian side in 2007-2010 time period. 
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APPENDIX B 

IMPERVIOUS LAND INCREASE IMPACTS ON FLOOD HAZARD IN ISTANBUL, TURKEY
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Abstract 

 

A model of flood risk assessment is established for Istanbul to understand the relation with 

landuse type as Istanbul has been experiencing population increase and on going urbanization 

since the mid 20th century. This study attempts to demonstrate the application of the 

integration of GIS and remote sensing in understanding the susceptibility of Istanbul against 

flooding in terms of landuse, runoff, NDVI and slope parameters for 1984-2010 time period. 

Landuse classification and change analysis were carried out via remote sensing techniques and 

they were coupled with GIS to investigate the impacts of landuse on flood hazards in the 

city.Istanbul had been faced with 180 flood events that caused loss of lives and damages to 

properties since 1997. As the urbanization is an ongoing process for Istanbul, susceptible flood 

areas should be the concern for urban planners. The study found that the increase in 

impervious land brings high runoff values that causes flooding. It was observed that the city 

center and old city was scored with the highest and high flood prone zone values. Most of the 

agricultural land scored medium level and forest area were scored low and lowest flood-prone 

zones. The watershed maps are consistent with the urbanization in Istanbul. As the impervious 

area increase the watershed polygons get more risky. The results of this study shows that 

landuse change affects the susceptibility of the land towards flooding. Urban planners would 

benefit highly from the resultant watershed maps to see the flood-prone areas in Istanbul for 

future planning practices and pre-hazard precautions.  

Keywords: Flood, Watershed Analysis, AHP, Runoff, Landuse impact, Impervious area, 

Istanbul, Turkey. 
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Introduction 

 

As urbanization increases, human interference to environment grows. Urbanization transforms 

natural lands into impervious (impermeable) surfaces that changes the environmental 

conditions such as increase in the rate of surface runoff, decrease in the ground water recharge 

(Xian, 2007). Because of these kinds of changes in environment floods, soil erosions, wildfires, 

earthquakes and other natural events become disasters that are a threat to human life and 

ecology. There is flooding, deforestation, erosion and sedimentation because of building homes, 

shopping malls, business centers, industry areas (McGuinnes, 2007).  Floods became a larger 

threat to human life, goods and ecosystem throughout the world as urbanization increase and 

urban areas expands. Flood causes loss of human lives and properties (Ertugrul, 2005; Sunar 

and Ozkan, 2001). 

 

Urbanization has a significant influence on the changes in the land use/cover patterns not only 

in developed countries but also in developing countries (Lambin et al, 2001; McKinney, 2002; 

Pauchard, 2006; Alberti et al, 2003; Kumat et al, 2008). Humans are the major driving force 

affecting the changes in urbanized areas and in environmental conditions (Alberti, 2005). 

Humans dominate the ecosystem by increasing the impervious land area amount via housing 

development, road building, urban wasteland, and landfills (Alberti, 2005; Paul and Meyer, 

2001). Rapid urbanization and industrialization has resulted in the loss of a significant amount 

of agricultural land. Because of the lack of efficient and appropriate landuse planning rapid 

urban growth and disappearance of agricultural lands and forest areas have had severe 

environmental consequences.  
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The rapid and uncontrolled urban growth in Istanbul increases the vulnerability of the city and 

its citizens towards the natural events that turns into natural disasaters.  The transformation of 

green and agricultural space into impervious lands decreases the runoff on those areas and 

causes floods that creates disasaters.  

 

Recently, Istanbul has been expanding towards the agricultural lands in east-west direction. 

Mostly the increase in car ownership enabled this sprawl. Beside the east-west direction city 

grows coastwise and started to destroy the forest land in the north. The old city center does not 

have any more place to expand but it still gains population and gets more impervious which 

causes the unsufficient infrastructure. Unsufficient infrastructure and more impervious land 

raises occurence of disasters. Unfortunately there are not enough studies to support this.  

 

Floods are natural events. In the past years these events become disasters for Istanbul citizens 

more and more. In this study the role of urban growth in these disasters was investigated. These 

floods are hazardous that they harm/destroy possessions and sometimes kill people. To 

understand the urbanization and flood relation better flood events for each time period are 

examined with LULC change and runoff information with the help of watershed analysis. 
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Methods 

In this study flood events were investigated to understand the impacts of impervious land 

increase on the occurences of floods. Watershed analysis were applied and watershed polygons 

were scored using Analytical Hierarchical Process (AHP) (Saaty, 1994)computed weight and 

rank values for runoff image, landuse classified images, NDVI and slope parameters. 

 

Study Area 

Istanbul is located on the northwest of Turkey, between 40o 48’ - 41o 36’ N latitudes and 27o 58’ – 

29o 56’ E longitudes, neighboring Tekirdag on the west and Kocaeli on the east side. Study area 

has a total area of 5712 km2. Istanbul has coastlines on the Black Sea on the north and on the 

Marmara Sea on the south. It spreads out along the Bosphorus, acting like a bridge connecting 

Anatolia to Europe (Fig.1).  

 

Istanbul is the largest metropolitan of the region and has the largest population in Turkey. 

Istanbul is the city with the most industrial/commercial activities than any other city in Turkey 

(Maktav and Erbek 2004; Kaya and Curran 2006). Since the city is the most important center for 

the industry and commerce it receives the highest immigrant population from rural areas (Koc, 

2005). The population of the city was 3.904.558 in 1975 and in 25 years this amount increased 

more than double and became 10.072.447 in 2000 (Koc 2005). Based on the census data in 2012 

the population is over 15.000.000.65% of the citizens live in European side and 35% of them are 

on the Asian side of the city (Table 1). 
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In Istanbul an ongoing mass-migration and urban sprawl has increased impervious land. 

Between 1984 and 2010 there was an increase of50% in impervious land in the city (Table2). 

According to the published and recorded flood events since 1997 there were 180 occurences in 

the city that caused loss of lives and property. 

 

Data 

 Landuse Classification Data:Each aquired Landsat images were corrected atmospherically 

and radiometrically using COST Model (Markham and Barker, 1986) and each rectified 

geographically using 2005 GPS data and 1/25000 topographic maps. Supervised classification 

was applied to Landsat 1984, 1997, 2001, 2007 and 2010 corrected imagesto understand the land 

usage in Istanbul (Figure 5). During classification process agricultural land-1 and agricultural 

land-2, forest area, green land, urban, road, built-up land, water, mine and bare soil land were 

classified. At the end some of these 9 classes were merged to reach the final classification. 

Urban, road, built-up, mine and bare soil classes were merged together and called Impervious 

class. Agricultural usage was separated into 2 classes initially to be able to classify the lands of 

harvested and still crop-on lands correctly. Later agricultural land-1 and 2 classes were merged 

and called Agricultural Land class.  These classified images were assigned with relatedrunoff 

curve numbers (CN)obtained from USDA's SCS table. While defining CN values soil map was 

also considered. Thisattributed landuse  data was utilized to calculate the potential maximum 

storage (S) for each year.  

 

 Digital Elevation Model (DEM):Digital elevation model was created from the contour lines 

that were digitized from 1/25000 topographic maps of Istanbul. DEM has 28.5 m resolution as 
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same with the Landsat image data set. During the creation of the DEM besides the contour 

lines, digitized river dataset was utilized to fill the sinks. DEM was used to create the watershed 

data and also to create slope data to be an input to AHP process as a synthetic parameter. 

 

 Soil Data: Soil map is digitized and attributed from General Directorate of Mineral 

Research and Exploration maps. Each soil polygonwas attributedthe related with a runoff curve 

number (CN) from the USDA's SCS table.A runoff curve number is a quantitative description of 

land cover and soil conditions that affect the runoff process. Water landuse class runoff curve 

number was accepted as 100. Soil types were considered to define CN values for each landuse 

class other than impervious and water areas. The CN values for landuse classes were defined 

from the USDA’s SCS tables. And CN image is calculated via landuse image and soil image. CN 

is used to produced the potential max storage value (S) image (Figure 3): 

  S = (1000/CN) -10 

 

 Rainfall Data:Available rainfall data for the years between 1984 and 2010 were gathered 

from Turkish Meteorological Archive System (TUMAS). In Istanbul there were 4 gauges in 

Anatolian side that has available data and 4 gauges in European side. Monthly, yearly rainfall 

totals are available for each gauge for most of the years. The gauge stations were digitized and 

registered.Average yearly rainfall totals for European side gauges were assigned to European 

side for rainfall data for that year and same process was done for Anatolian side. Based on this 

value a rainfall data was created. Rainfall data used as an input to calculate the runoff image for 

each year. The potential max storage (S) is calculated using the runoff curve numbers (CN). 

Calculated potential runoff storage is accompanied with rainfall data to calculate the runoff 

images for each investigated year (Figure 4). 

 



- 69 - 

 

 Runoff data:The impacts of urban growth on surface runoff was examined. Runoff image 

was used as a parameter to score the watesheds. Figure 2 shows the implementation procedure 

of surface-runoff modeling for Istanbul. United State Soil conservation Services (SCS) 

developed a model to estimate surface runoff (Q): 

  Q = [(P – 0.2S)2] / [(P + 0.8S)2] 

  Where;  

  Q = storm runoff 

  P = rainfall 

  S = potential max. Storage 

 

After creating the S image the formula is calculated to have the runoff image or Istanbul for 

each investigated year (Figure 4). 

 

 Watershed data: Watershed process was utilized to have the influence of the terrain. DEM 

(Figure 6)and river data, that had the flow directions entered already, were used to create the 

watersheds. The watershed process computes the local directions of flow and the gradual 

accumulation of water moving downslope accross the landscape. At the end the watershed 

boundaries were created. 

 

 Flood Events data: Floods that occured in Istanbul since 1984 were not recorded 

systematically. Information gathered from newspapers, internet archives and Department of 

Disaster Affairs were used to create the flood event database. Each event digitized as a point 

and located as accurate as possible. In most of the cases the flooded river name was given and 
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may be a district or neighborhood name was mentioned. According to the given/mentioned 

information the event locations were digitized as much accurate as possible (Figure 7). 

 

 NDVI Data: NDVI is calculated for each year (1984, 1997, 2001, 2007, 2010) to investigate 

the vegetation affect on flood occurences. NDVI is added to AHP as a parameter to calculate the 

weights and ranks for watershed data. The bands for each satellite imagery were 

radiometrically corrected to eliminate the atmospheric condition differences. Beside this 

correction the NDVI values were normalized to decrease the seasonal differences between 

images and to overcome the non-systematic temporal variation of NDVI absolute values (Weng 

and Lo, 2001). Normalized NDVI values were computed with the following formula (Weng and 

Lo, 2001): 

  Normalized NDVI =  N* = (NDVI - NDVImin ) / ( NDVImax -  NDVImin ) 

 

 Slope Data: Slope is another parameter that would have an impact on the flood 

occurences. Steepest slopes would cause more flood events on the lower sides. If the area has 

low slope or no slope value then they are more flood prone zones. To investigate the slope 

impact on flood events in Istanbul, digital elevation model was used to calcualte the slope map. 

Slope map was used as an input to AHP to calcualte the weight and ranks for the watershed 

analysis. 

 

Analytical Hierarchical Process (AHP) 
 
In this study, to evaluate the flood susceptibility of Istanbul, runoff, land use, slope and NDVI 

data were used. These 4 different datasets were analyzed to get the scorings of the watershed 
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map by using multicriteria decision analysis. In order to quantify the amount of contributions of 

each layer to the output map, AHP method was used.  

 
AHP is utilized to score the created watershed polygons based on runoff, landuse, slope and 

NDVI parameters. AHP is a method that helps to rank the parameters and weight the attributes 

for each parameter in a mathematical structure. Saaty developed AHP method as a way to rank 

different criteria used in an analysis (Saaty; 1990, 1994, 2006).AHP was applied because it uses 

pairwise comparisons in comparing layers and their classes. AHP uses the ratio scales for all 

judgements (Belton and Stewart, 2002). As Malczewski (1999a) stated; the basic strategy in AHP 

is to divide the decision problem into small, understandable parts; analyze each part; and 

integrate the parts in a logical manner to produce a meaningful solution. AHP method is based 

on 3 principles (Malczewski, 1999b): 

1. Decomposition requires the decomposing of the decision problem into a hierarchy capturing 

the essential elements (Figure 8). 

2. Comparative Judgement requires assessment of pairwise comparisons of the layers (Table 9) 

and classes (Table 5 to 8) within the hierarchical structure. 

3. Synthesis of Priorities calculating the rank and weight values (Table 10) from the derived 

ratio-scale local priorities in pairwise matrix with eigenvectors. 

 

During the AHP process Saaty's comparison judgement (Table 4) is used to define the priority 

between the parameters and their classes. Using AHP pairwise comparison matrices were 

created for parameters and each of their classes (Tables 5-10). 
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Urban growth means the increase of impervious land which results in the decrease of 

evapotranspiration and inflitration and increase of runoff (Paul and Meyer, 2001; Arnold and 

Gibbons, 1996). Therefore the impact of increase impervious land is the highest on the 

occurence of floods over the other types of landuse classes. The pairwise comparison matrix for 

landuse map (Table 5) was created based on the fact that impervious land is extremely 

dominant over other classes where water is the second dominant landuse class. Forest has the 

least dominance regarding the flood occurences.The pairwise comparison matrix for runoff 

layer (Table 6) was created based on the higher the runoff value the more flood prone it is. The 

highest zones of the runoff map got the highest dominance value over the other classes.The 

increase in peak runoff volume has undesirable consequences such as flooding that would lead 

to loss of lives and property damages. Hence, highest runoff values ranked as extremely 

dominant to lower runoff classes. Slope was ranked for AHP regarding the steepest the value 

more the possibility of flood occurence. Pairwise comparison matrix for slope is given in Table 

7.For the NDVI parameter the pairwise comparison matrix was also created (Table 8). As the 

greenness increase less flood events happens. NDVI map class 0.8 - 1, means greenness, is the 

least dominant class for the occurence of floods because of that gets the lowest ranking whereas  

the class <=0.1, meaning less green area, has the highest ranking. 

 

After defining the weight and ranks to the parameters the watershed data is scored based on 

these values. Watershed score map was created (Figure 9) and each flood event attributed 

accordingly (Figure 10) to understand the relation. 
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Results 

 

It is found that since 1984 Istanbul has been facing with rapid land use conversion with the 

result of population increase mostly because of migration from rural areas. Since 1984 Istanbul 

increased its urban land by 129% (Table 11). Its cropland loss is 44% of all agricultural land. 50% 

increase is calculated for impervious land since 1984. Between 1984 and 2010 forest areas are 

increased by 9% but green areas lost its 8%. While loosing the agricultural land they also 

increased their impervious area (Table 11). Başakşehir is the number one over the all districts 

with ~39 km2 impervious land increase amount. This district was established in 2008 by 

combining some of the Küçükçekmece and Esenler neighborhoods. Second district that has the 

highest amount of impervious increase is Büyükçekmece District. 38 km2 impervious land is 

developed in Büyükçekmece since 1984. Çatalca, Küçükçekmece, Sultangazi (Anatolian Side), 

Bayrampaşa, Eyüp, Gaziosmanpaşa, Arnavutköy, Çekmeköy (Anatolian Side), Ümraniye 

(Anatolian Side), Silivri (Anatolian Side), Sultanbeyli (Anatolian Side), Bahçelievler, Avcılar, 

Esenyurt are the leading districts that increased their impervious land more than 10 km2. Most 

of them are European Side districts and located on the valuable agricultural land. Istanbul lost 

its 593 km2 agricultural land and gained 397 km2 impervious area in 23 years. In the runoff 

images for each year the impervious land increase affect on runoff parameter could be 

observed. As the urban area sprawls and transforms natural green and/or cropland into 

impervious land the runoff value for that area increases (changes from green to yellow to 

orange and red) (Fig. 4). As the runoff value increasesthat region becomes more flood 

susceptible. 
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It was found that 180 flood disastersoccured in Istanbul since 1997 (Table 3). Each of them 

caused losses. Some caused loss of lives, some  only damaged the properties.Flood prone zones 

were observed withthe help of watershed analysis. To understand the relation with the landuse 

type, runoff values, greenness index and slope parameters' affects on flood disaster analytical 

hierarhical process (AHP) was applied. Each layer and their classes were weighted to score the 

watershed polygons via AHP.  After achieving each year’s watershed polygons past flood 

disasters examined regarding their positions over the watershed polygons. It was observed that 

the city center and old city was scored with the highest and high flood prone zone values 

(Fig.9). Most of the agricultural land scored medium level and forest zones were scored low and 

lowest flood-prone areas. The watershed maps are consistent with the urbanization in Istanbul. 

As the impervious area increase the watershed polygons get scores accordingly (Figure 9). 

Results of this study show that landuse change affects the susceptibility of the land towards 

flooding. Some districts such as Sarıyer behave differently. It can be seen from Fig 7 that Sarıyer 

District is on the northern part of Istanbul on the European side near the sea. 11 flood events 

observed in Sarıyer that 2 of them happened in 1997 and 8 of them in 2007. Sarıyer increased its 

population over 100.000 since 1984 while the forest and green area also increased. Impervious 

land does not show a significant increase but still experienced such disasters. This is mostly 

because of the local heavy rains,which are related to the closeness to the sea. 

 



- 75 - 

 

Discussion 

 

In the past 26 years Istanbul metropolitan region experienced a rapid urbanization process that 

caused large losses in agriculural land and huge increase in impermeable area. Human activities 

caused irreversible landuse changes in the city such as loss of natural vegetation and increase in 

the impervious land that results the decrease of infiltration and decreases the runoff. These kind 

of human impacts changes the behaviour of the natural enviorment that results the natural 

events become disasters. The aim of this kind of small scaled study is to find the flood 

susceptible areas and create inputs to planners resilience studies.A larger scale study could be 

run and each river's detailed analysis would give the flood susceptibility for each river 

catchment. The aim however is to provide general information to planners and decision makers 

on urban growth/development the chosen parameters were apropriate.The input datasets can 

create some inaccuracies because of their individual creation processes. Supervised 

classification was applied to the each Landsat image after the COST model atmospheric and 

radiometric correction process and georectification were completed on each image seperately. 

Howeverthe non-availability of the same date, same sensor high quality image were drawbacks 

to work with multi-temporal data. Seasonal spectral differences causes classification 

inaccuracies whereas the complexity of the urban land also has problems of spectral mixture. In 

this study because of the larger area coverage of the study area required lower spatial resolution 

image to be able to handle the data easier. The closer investigation with higher resolution image 

dataset to characterize the watersheds that have flood occurences on would improve the 

understanding of the impacts of the impervious land increase on natural hazards. 
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The main result in the study is that creating green areas in the city would not prevent the flood 

occurences. Although NDVI data indicates the green increase in the city  this synthetic 

greenning could not  be a powerful corrective action against the flooding.Between 2007 and 

2010 there was a greenness increase especially in Küçükçekmece, Beylikdüzü, Avcılar region 

(between Küçükçekmece and Büyükçekmece Lakes) where the impervious land increase 

experienced highly in 1997-2007. This greenness increase in 2010 does not show a natural 

vegetation characteristic since it was not in the form of big urban parks because the 

increasemostly took placein road junctions, on the road sides and on the leftover parcels from 

the design of a block. The NDVI data for Istanbul was not exactly a perfect parameter for this 

analysis.On the contrary, synthetic green areas masked the impacts of impervious land affects 

on flood events. It was clearly seen that natural vegetated lands were more non-flood-prone 

areas in respect of green areas (Figure 10). 

 

Rainfall data were used to calculate the runoff images that were a parameter for scoring the 

watersheds. European and Anatolian gauges average rainfall data was used seperately to assign 

the values for  each side of the city because of the lack of the gauge locations and data and the 

irregular distribution of gauge locations. This would be one of the reasons that some of the 

flood events appeared on low and lowest scored watershed polygons. 

 

Beside the lack of available rainfall data, flood events were not recorded accurately. Archives 

and internet news were searched to locate the past flood events in the city. Unfortunately 

accurate location for each event could not be found so each digitized as close as possible. Lack 

of information on the exact locations of floods was a reason to create the flood event database as 
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a point dataset. A flood event has larger area impact than a point location. When the location of 

flood events on the watershed polygons were examined closely it can be seen that most of the 

floods that happens to be in low and lowest scored watersheds are close to the boundaries of 

high and higher scored polygons. If floods were able to be created as polygon data, the flood 

events would be more accurately positioned on the scored map. Availability of more rainfall 

data and more accurate past flood event area impact locations would lead to a better 

examination with improved information for a resilience study in the city. 

 

On both sides of the city few watersheds were observed with lowest scores whereas the 

neighboring polygons have the highest or medium scores. Avcılar, Kağıthane on European Side 

and Maltepe and Sultanbeyli on Anatolian Side has similar watershed problems. It was 

expected that these watershed polygons would score similarto the neighboring ones since the 

river is continuing similarly to the next polygon and the environmental and landuse parameters 

were not changing extremely from one watershed tothe neighboring one. This kind of 

conditions/faulty assignments require a post decision rule revision process. Manual corrections 

on the output based on the initial decision rules would help to improve the results. 

 

In the present paper the relationship between urbanization and flood events were investigated. 

During this study besides landuse, natural parameters (runoff, slope and NDVI) were used. 

Many other aspects can be added to the study which may include demographic and economic 

data. Integration of AHP, GIS and RS has been proven to be efficient to investigate urbanization 

and its impacts on natural disasters. Rapid urbanization in Istanbul requires many 

environmental issues to be addressed. Such research method is beneficial for urban planners, 
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disaster affairs, resource managers to protect the city from being susceptible to natural events as 

the urban development continues.  
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Tables and Figures 

Table 1.Population distribution in Istanbul Metropolitan Area (1980 - 2010). 

ISTANBUL DISTRICTS 1985 1990 2000 2007 2010 

ADALAR 14785 19413 17760 334051 14221 
ARNAVUTKOY 90228       180080 

ATASEHIR         375208 
AVCILAR   126493 233749 719267 364682 

BAGCILAR   291457 556519 571711 738809 
BAHCELIEVLER   298211 478623 214821 590063 

BAKIRKOY 1238342 301673 208398 214821 219145 
BASAKSEHIR         248467 

BAYRAMPASA   212570 246006 272196 269481 
BESIKTAS 204911 192210 190813 191513 184390 
BEYKOZ 136063 161609 188044 241833 221542 

BEYLIKDUZU         204863 
BEYOGLU 245999 229000 231900 247256 248084 

BUYUKCEKMECE   142910 373407 688774 182017 
CATALCA 117380 64241 26032 89158 35337 

CEKMEKOY         163525 
EMINONU 93383 83444 556351 32536   
ESENLER   223826 380709 517235 461072 

ESENYURT         446777 
EYUP 377187 211986 235116 325532 331551 

FATIH 497459 462464 403508 422941 431147 
GAZIOSMANPASA 289841 393667 722226 1013048 474259 

GUNGOREN   213109 272950 318545 309624 
KADIKOY 577863 648282 663299 744670 532835 

KAGITHANE   269042 345239 418229 416515 
KARTAL 572546 273572 399242 541209 432199 

KUCUKCEKMECE   352926 593520 785392 695988 
MALTEPE   254256 355384 415117 438257 
PENDIK   200907 384668 520486 581633 

SANCAKTEPE         254784 
SARIYER 147503 171872 219032 276407 253649 

SILE 19310 25372 10262 25169 12311 
SILIVRI 55625 77599 44530 125364 126218 

SISLI 526526 250478 270674 314684 317337 
SULTANBEYLI   82298 175700 272758 291063 
SULTANGAZI         468274 

TUZLA   96150 107883 165239 185816 
UMRANIYE   303434 549985 897260 603431 
USKUDAR 490185 395623 495118 582666 526947 

ZEYTINBURNU 147849 165679 247669 288743 292430 
TOTAL 5842985 7195773 10184316 12788631 13120583 
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Table 2. Landuse /land cover change in Istanbul between 1984 and 2010 

Land use/cover Type 
Total Area (ha) Change (%) 

1984 1997 2007 2010 84-97 97-07 07-10 84-10 

Urban Area 17256.33 25445.6 30793.21 39573.06 78 21.02 28.51 129 

Impervious Area 
(Urban, Road, Built-
up, Mine and Bare 

soil) 

81101.86 95698.48 107670.89 116457.6 19.23 26.75 10.13 49.51 

Agricultural Land 135591.98 108333.19 105742,54 71640,4 -20.12 -2,75 -19.08 -43,76 

Others (Forest, 
Green) 

243912.25 256139.95 245821.5 260255,1 5.02 -4.03 5,87 6,70 

 

 

Table3.Flood event counts and percentages for each watershed score by years. 

Watershed 

Score 

Flood Event Years 

1997 2007 2010 

Lowest 1 (2.94%) 11 (10.09%) 0 

Low 3 (8.82%) 11 (10.09%) 4 (10.81%) 

Medium 2 (5.88%) 7 (6.42%) 5 (13.51%) 

High 12 (35.29%) 55 (50.46%) 12 (32.43%) 

Highest 16 (47.06%) 24 (22.02%) 16 (43.24%) 

Total 34 109 37 
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Table4. Absolute numbers for assigning weight and ranking values (Saaty, 2006). 

Weight/Rank Intensities 

1 Equal 

3 Moderately Dominant 

5 Strongly Dominant 

7 Very Strongly Dominant 

9 Extremely Dominant 

2,4,6,8 Intermediate values 

Reciprocals For Inverse Judgments 

 

Table5.Pairwise comparison matrix for landuse map. As the impervious land increase the flood 
possibility increases. 

  Forest Agriculture     Green    Water Impervious 

Forest 1 0.3333 0.25 0.1429 0.1111 

Agriculture 3 1 0.5 0.1667 0.1429 

Green 4 2 1 0.2 0.1667 

Water 7 6 5 1 0.5 

Impervious 9 7 6 2 1 
 

Table6. Pairwise comparison matrix for runoff map. As the runoff value increase the flood 
possibility increases. 

  <= -1 -1 to -0.5 -0.5 to 0 0 to 0.5 0.5 to 1 1 to 1.5 1.5 to 2 > 2 

<= -1 1 0.5 0.25 0.2 0.1667 0.1429 0.1250 0.1111 

-1 to-0.5 2 1 0.5 0.33 0.25 0.1667 0.1429 0.1250 

-0.5 to 0 4 2 1 0.5 0.33 0.2 0.1667 0.1429 

0 to 0.5 5 3 2 1 0.5 0.33 0.25 0.1667 

0.5 to 1 6 4 3 2 1 0.5 0.33 0.2 

1 to 1.5 7 6 5 3 2 1 0.5 0.25 

1.5 to 2 8 7 6 4 3 2 1 0.33 

> 2 9 8 7 6 5 4 3 1 
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Table7.Pairwise comparison matrix for slope map. As the slope value increase the flood 
possibility increases. 

  2 to 4 4 to 6 6 to 8 >=8 or <2  

2 to 4 1 0.3333 0.1667 0.125 

4 to 6 3 1 0.25 0.1667 

6 to 8 6 4 1 0.3333 

>=8 or <2  8 6 3 1 

 

Table8. Pairwise comparison matrix for NDVI map. As the greenness value decrease the flood 
possibility increases. 

  0.8 to 1 0.6 to 0.8 0.3 to 0.6 0.1 to 0.3 <= 0.1 

0.8 to 1 1 0.5 0.2 0.1429 0.1111 
0.6 to 0.8 2 1 0.3333 0.2 0.125 
0.3 to 0.6 5 3 1 0.3333 0.1667 
0.1 to 0.3 7 5 3 1 0.3333 

<= 0.1 9 8 6 3 1 
 

Table9. Pairwise comparison matrix for assigning weigth values for parameters. 

  NDVI Slope Runoff Land use 

NDVI 1 0.333 0.167 0.143 

Slope 3 1 0.25 0.2 

Runoff 6 4 1 0.5 

Land use 7 5 2 1 
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Table 10. AHP computed weights and class rankings for each parameter. 

LAYERS WEIGHTING CLASSES RANKING 

Runoff 0.336 

<= -1 0.0203 
-1 to-0.5 0.0299 
-0.5 to 0 0.0464 
0 to 0.5 0.0689 
0.5 to 1 0.0995 
1 to 1.5 0.1521 
1.5 to 2 0.2124 

> 2 0.3705 

Land use 0.506 

Forest 0.0361 
Agriculture 0.0695 

Green 0.1023 
Water 0.3193 

Impervious 0.4729 

Slope 0.114 

2 to 4 0.0499 
4 to 6 0.1035 
6 to 8 0.2795 

>=8 or <2  0.5671 

NDVI 0.054 

0.8 to 1 0.0368 

0.6 to 0.8 0.0574 

0.3 to 0.6 0.1284 

0.1 to 0.3 0.2536 

<= 0.1 0.5239 
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Table 11. LULC change amounts (in ha) between 1984 and 2010 sorted by the increase in 

impervious land by district. Negative values (reds) represents increase in that landuse/cover 

type where positive values (blues) shows decrease. 

DISTRICTS AGR8410 FOR8410 IMP8410 GRE8410 

BASAKSEHIR 4337.50 202.41 -3924.22 4221.43 
BUYUKCEKMECE 10117.71 -360.96 -3750.02 1461.40 

BESIKTAS 382.14 -6420.19 -3423.15 -2086.83 
KAGITHANE 245.65 -1579.01 -2965.12 -1495.19 

CATALCA 6445.88 44863.57 -2106.56 10758.25 
GUNGOREN 19.24 -853.35 -2049.39 -659.71 

KUCUKCEKMECE 740.93 -50.85 -1952.93 256.35 
SULTANGAZI 326.02 294.20 -1853.23 1046.67 
BAYRAMPASA 90.60 -738.17 -1764.78 -265.28 

EYUP 1929.04 11375.97 -1718.92 1356.21 
GAZIOSMANPASA 106.85 -47694.18 -1592.09 -4631.37 

ARNAVUTKOY 4428.74 12565.10 -1557.52 8553.64 
CEKMEKOY 80.47 -40029.39 -1528.84 -8976.58 
UMRANIYE 942.27 54.10 -1506.80 -2148.16 

SILIVRI 3660.44 12469.66 -1392.92 5791.34 
SULTANBEYLI 923.85 62.79 -1341.84 357.71 

USKUDAR 488.44 -12327.52 -1257.44 -3272.47 
BAHCELIEVLER -15.68 -283.15 -1161.03 -394.35 

BEYOGLU 19.38 -693.91 -1158.51 -618.20 
ZEYTINBURNU 22.63 -9699.32 -1080.86 -1833.17 

AVCILAR 2068.07 94.14 -1056.57 620.97 
ESENLER 178.48 -64.57 -997.61 -240.02 

ESENYURT 1260.94 -10072.39 -958.46 -654.10 
BEYKOZ 5508.19 21335.05 -822.08 1635.06 

FATIH 46.36 -15600.56 -285.86 -7134.40 
BAKIRKOY 861.80 6.58 -275.84 68.39 

BEYLIKDUZU 2033.96 -10.07 -207.20 272.67 
BAGCILAR 450.72 -1416.48 -151.00 -71.07 
KADIKOY 67.17 -1720.59 -114.53 -696.67 

TUZLA 1261.02 1435.73 122.24 2879.51 
MALTEPE 552.04 -21648.90 287.13 -2453.64 

SANCAKTEPE 1805.47 1887.91 302.89 1028.80 
KARTAL 216.91 705.11 381.84 86.99 

SISLI 418.71 857.74 514.80 681.64 
ATASEHIR 403.20 5.52 737.85 532.67 
SARIYER 2762.79 8191.46 996.96 1384.89 

SILE 162.50 46323.43 1424.12 4618.05 

PENDIK 3944.61 5842.51 3170.46 3714.50 

TOTAL 59251.59 -16691.58 -39655.75 4880.33 
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Table 12. Number of flood experienced in each district by years 

DISTRICTS 1997 1998-2007 2008-2010 

ARNAVUTKOY 2 7 3 
ATASEHIR   5 1 
AVCILAR 1 1 6 

BAGCILAR   8 5 
BAHCELIEVLER 2 6 1 

BAKIRKOY 4 3 1 
BASAKSEHIR 1 4 4 

BAYRAMPASA   3   
BESIKTAS 2 3   
BEYKOZ 1 7 1 

BEYLIKDUZU 1     
BEYOGLU 3 3   

BUYUKCEKMECE 1 1 1 
CATALCA   1   

CEKMEKOY   2   
ESENLER 1 2   

ESENYURT     1 
EYUP 1 3   

FATIH 1 4 1 
GAZIOSMANPASA       

GUNGOREN 1 1   
KADIKOY     2 

KAGITHANE 3 6 1 
KARTAL   2 1 

KUCUKCEKMECE 1   1 
MALTEPE   3   
PENDIK   2 3 

SANCAKTEPE   1   
SARIYER 2 8 1 

SILE     1 
SILIVRI   2   

SISLI 1 4   
SULTANBEYLI   1 1 
SULTANGAZI 1     

TUZLA   3 2 
UMRANIYE 1 4 1 
USKUDAR 1 4 1 

ZEYTINBURNU       



- 89 - 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study Area, Istanbul, Turkey.Istanbul is located in the northwest part of Turkey. On 

the northern part of Istanbul there is Black Sea, on the south there is Marmara Sea. Istanbul is 

divided into two by Bosphorus as European side and Anatolian side. 
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Figure 2. Runoff image calculation flowchart. 
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Figure 3. Potential max storage  images for 
Istanbul shows that impervious land has the 
lowest storage values that are represented with 
yellow color. Dark blue areas have the max 
storage values where they are mostly on forest 
areas. Green color represents the medium level 
potential storage values and these locations are 
similar to the agricultural lands in Istanbul. It 
can be seen that since 1984 Istanbul lost its 
potential storage areas and impervious land 
showed an increase till 2010. 
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Figure 4. Runoff images by districts of Istanbul. 
Red color shows the areas that has more runoff 
areas. These are mostly same with the urban 
(impervious) areas. The least runoff values are  
mostly same areas with the forest lands. 
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Figure5. Landuse/cover classified images for 
Istanbul between 1984 and 2010. Urbanization 
resulted mostly in the loss of agricultural 
land.City grew mostly in the European Side and 
towards west because of the limitations of 
Bosphorus, Black Sea and the forest lands on 
the north. On the Anatolian Side the sprawl 
mostly seen on both sides of highways. 
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 Figure 6. Digital Elevation Model of Istanbul.Elevation increases up to 536,6 m. Dark red 
areas show the higher elevations. 
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Figure 7. Flood event locations on the scored watershed map of Istanbul. Green dots are the 
flood events happened in 1997. Red dotsrepresent the floods  between 2001-2007 and blue 
dots  are the flood events between 2008-2010. 
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Figure 8. The hierarchical structure used during the AHP process. Each layer and its classes 
were considered to score the watershed map. Each layer classes were weigthed internally 
and layers were ranked between other layers. 
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Figure 9. Scored watershed maps of Istanbul for years 1997, 2007 and 2010. Red color 
represents the highest flood-prone, orange shows high flood-prone, yellow areas are 
medium and light green are low flood-prone areas where dark green represents the lowest 
flood prone zones. Impervious lands are mostly fit to the red and/or orange colored zones 
that represent the least flood-resilient areas. 
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Figure 10. Flood events located on 1997 scored watershed and Istanbul district map. In 1997 
most of the floods occured in urban areas and mostly in European Side. Watershed scores 
shows consistency with flood event locations that these zones are the most vulnerable areas 
against flood. 
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Figure 11. Flood events located on 2007 scored watershed and Istanbul district map. Between 
2001 and 2007 flood occurences increased. And most of the events occured in urban areas. 
Watershed scores shows consistency with flood event locations that these zones are the most 
vulnerable areas against flooding. In this year range we can see that Anatolian Side also 
experienced significant amount of flood events that are also fit in the highest and high scored 
watersheds. 
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Figure 12. Flood events located on 2010 scored watershed and Istanbul district map. On this 
map all flood events since 1997 can be seen on 2010 watershed score map. Blue dots 
represents the events that happened between 2008 and 2010. These event locations are 
mostly consistent with the watershed map. Anatolian side also experienced significant 
amount of flood events after 2001 that would show parallelism with the urbanization in that 
region. 
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APPENDIX C 

SOIL EROSION HAZARD VIA RUSLE WITH URBAN GROWTHIN ISTANBUL, TURKEY 
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Abstract 

 

Soil erosion risk assessment is necessary for sustainable land use management.An 

assessment of the soil loss under land use changed conditions is valuable for understanding 

how the different land use classes canaffect soil erosion and to predict the impacts. In this 

study it is aimed to evaluate the potential soil erosion in Istanbul Metropolitan Area with 

geographical information systems (GIS), remote sensing (RS) methods coupling with Revised 

Universal Soil Loss Equation (RUSLE) model. The results of the study provides useful 

information for decision makers and planners to understand the characteristics of the study 

area interms of potential soil loss. The resultant maps indicate that European side of Istanbul, 

especially the region between Kucukcekmece and Buyukcekmece Lakes in European Side is 

more prone to erosion than Anatolian side.  

 

Keywords: RUSLE, Soil Erosion, GIS, RS, Istanbul, Turkey. 
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Introduction 

 

Recent days metropolitan areas are facing with disasters more since the population and 

activities of people in the city increased.Urban growth causes physical and unplanned 

expansion of settlements into risky areas that increases the hazard incidents. Natural hazards 

become more frequent and severe as the urbanization increases and the climate changes.  

Urbanization causes the loss of vegetation areas. Vegetation clearance (such as for buildings, 

road, industry constructions) leads to soil erosion in metropolitan areas (Smyth and Royle, 

2000).Decreased vegetation cover causes water loss through evapotranspiration. Runoff and 

erosion have been seen more in the recent years (Robichaud et al, 2000). Loss of agricultural 

land, forest area decrease, industrialization, urbanization and wrong agricultural policies 

would be counted as the causes of soil degredation and erosion. Therefore predicting the 

potential soil erosion locations gains more importance in order to lessen its impacts. Field 

work and manuel methods are more of a time consuming and expensive efforts with the 

developments in GIS and RS technology. Revised Universal Soil Loss Equation (RUSLE) is 

one of the most applied model to analyze the erosion potential (Renard et al, 1991). It 

provides the long term situation but not the exact soil loss.  There have been several studies 

on understanding the effect of urbanization on the increase of soil loss hazards that applied 

RUSLE model (Millward and Mersey, 1999; Smyth and Royle, 2000; Duman et al, 2005; Fox et 

al, 2006; Serengil and Ozhan, 2006). Erosion rate is affected by topography, rainfall intensity, 

slope, landuse changes as well as changes in soil property (Seto and Diaz-Fierros, 1998). 

RUSLE calculates the potential soil erosion with weather, soil, land cover and topography 

parameters. RUSLE is a factor depended method that means several parameters and their 
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interrelations are analyzed. Observing the soil loss is possible several years after the actual 

occurence. When it is observed it might be late to save the soil loss. Preventing the soil loss 

requires earlier studies on understanding the risks in the study area. 

 

This study aims to investigate the risk of soil erosions in Istanbul Metropolitan Area with the 

use of RUSLE model as it is compatible with GIS and RS methods (Burrough 1986, Edy 1995, 

Millward and Mersey 1999; Kinnell 2001; Martin et al. 2003; Wang,2003)  in different scales 

with less data requirements. 
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Methods 

 

Study Area 

Istanbul is located on the northwest of Turkey, between 40o 48’ - 41o 36’ N latitudes and 27o 

58’ – 29o 56’ E longitudes, neighboring Tekirdag on the west and Kocaeli on the east side. 

Study area has a total area of 5712 km2. Istanbul has coastlines on the Black Sea on the north 

and on the Marmara sea on the south. It spreads out along the Bosphorus, acting like a 

bridge connecting Anatolia to Europe (Figure 1).  

 

Istanbul is the largest metropolitan of the region and has the largest population in Turkey. 

Istanbul is the city with the most industrial/commercial activities than any other city in 

Turkey (Maktav and Erbek 2004; Kaya and Curran 2006). Since the city is the most important 

center for the industry and commerce it receives the highest immigrant population from 

rural areas (Koc, 2005). The population of the city was 3.904.558 in 1975 and in 25 years this 

amount increased more than double and became 10.072.447 in 2000 (Koc, 2005). Based on the 

census data in 2012 the population is over 15.000.000.65% of the citizens live in European 

side and 35% of them are on the Asian side of the city. 

 

In Istanbul an ongoing mass-migration and urban sprawl cause increase in impervious land. 

Between 1984 and 2010 there was an increase of %49.51 in impervious land in the city. 

According to the published and recorded soil erosions in the city the area between 

Küçükçekmece and Büyükçekmece region is the most prone zone. The erosions that 

happened and recorded in Istanbul are digitized and mapped (Figure 3). 
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Data  

Contour Line data: In this study topographical information is one of the most important 

dataset. Contour lines were digitized from 1/25000 topographic maps and digital elevation 

model (DEM) was created using this data with 28.5m resolution (Figure 3). DEM is the base 

for the slope length (LS) factor for RUSLE calculation. River data containing their flow 

directions was accompanied to contour lines during the DEM production.  

 

Landsat Imagery: Landsat ETM and TM images were used to understand the landuse/land 

cover changes in Istanbul since 1984. Each aquired Landsat images were corrected 

atmospherically and radiometrically using COST Model (Markham and Barker, 1986) and 

each rectified geographically using 2005 GPS data and 1/25000 topographic maps. 

Supervised classification was applied to Landsat 1984, 1997, 2007 and 2010 corrected images 

to understand the land use in Istanbul. Classified images were utilized for cover 

management factor (C) during the estimation soil erosion in Istanbul (Figure 7).  

 

Rainfall data: R factor calculation requires daily rainfall data from each gauge. Availability of 

this data was limited. Kaya (2008) calculated the energy and intensity of rainfall for 252 

gauges over Turkey. Her Istanbul station data were added to aquired rainfall data and R 

factor was calculated for Istanbul (Figure 5). Istanbul experiences most of the rainfall mostly 

in months April and May over the year.  
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Soil data: Soil database was digitized and attributed from General Directorate of Mineral 

Research and Exploration maps. Each soil polygon was attributed with the soil erodibility (K 

factor) that was prepared by The Soil and Water Resources Directorate, Turkey in 2000. 

 

Universal Soil Loss Equation (USLE) is the most widely used erosion model that has been 

revised by Renard et al in 1997 and called Revised Universal Soil Loss Equation (RUSLE).  

RUSLE developed to model long term variations in soil loss (Neary et al, 2005, 1997; Okalp, 

2005). RUSLE is a linear equation; 

 

 A = R * K * L * S * C * P 

that combines; 

A is the soil loss (t ha-1 year-1) 

R is the rainfall-runoff erositivity factor (MJ mm ha-1 h-1) 

K is the soil erodibility factor (t ha h ha-1 MJ-1 mm-1) 

LS is the combined soil length and slope steepness factors 

C is the cover management factor 

P is the erosion control support practice factor 

 

In this study this model is utilized to calculate the soil eroison hazard in Istanbul 

Metropolitan Area and the model applied as shown in Figure 2. 

 

R-factor:  Rainfall erositivity factor is determined as a function of the volume, intensity and 

duration of a rainfall that indicates the potential erositivity. Rainfall erositivity factor (R) 
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quantifies the effect of rainfall impact and also reflects the amount and rate of runoff likely to 

be associated with precipitation events. It is the erosive power of rainfall which is calculated 

using rainfall intensity measurement.Rainfall intensity requires daily rainfall information for 

each gauge. It is a climate property that varies on the region. In this study because of non-

available or limited data (mostly for required daily data) for each of the gauges located in 

Istanbul, already calculated rainfall erositivity values were used (Kaya, 2008). Rainfall-runoff 

erositivity map for Istanbul was created (Figure 5). 

 

K factor:Soil erodibility factor is a soil property that changes according to physical and 

chemical characteristics of soils. K represents the susceptibility of soil to erosion and the 

amount and the rate of runoff. For soil groups avergare values were used. These values were 

available in the published book called "Turkey Soil Groups Erodibility "K" Factors" by The 

Soil and Water Resources Directorate, Turkey (Doğan et al 2000). K factor map for Istanbul is 

created using these values (Figure 6). 

 

LS Factor:This factor covers both the slope length which is the ratio of soil loss from the field 

slope length to soil loss from a 72.6 ft lenght, and the slope steepness factor (S) that is the 

ratio of soil loss from the field slope gradient to slope loss from a 9% slope. Slope has a major 

affect on soil erosion. The steeper the slope the higher the velocity of flow. Field study would 

provide the best estimates for slope length (L) but it is a costly effort that GIS and RS 

developed methods would simulate the L value. LS is calculated with the help of DEM in  an 

ArcGIS environment (Hickey 2000, Van Remortel et al 2001). Many GIS and imagery 

softwares has several ways to calculate LS factor but ArcGIS has a much more involved 
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approach with iterative processing to derive cumulative slope length values to combine with 

slope values from a DEM. 

 
 

C factor:This factor is the cropping, vegetation, cover management factor that defines the 

efficiency of soil managements activities against the soil loss. C factor is determined with the 

NDVI of 1984, 1997, 2007 and 2010 images. There is no study on the determination of C 

values for different vegetation in Turkey (Okalp, 2005) C is calculated (Figure 7) according to 

the Gutman and Ignatov (1998) equation: 

 

  C = 1 -  (NDVI - NDVImin) 
            (NDVImax - NDVImin) 
 

 

P factor: It is the ratio of soil loss with a majorsupport practice. Incase of undefined 

supporting method for the area P is accepted as the value of 1 (Renard et al, 1991). In this 

study P factor is taken as 1, assuming no support practice is in use. 

 

Soil loss (A) is calculated seperately for years 1984, 1997, 2007 and 2010 for Istanbul Area 

with the help of the above mentioned factors (Figure 10). Bergsman et al (1996) classification 

scheme was adopted to understand the risk categories of soil loss map better (Table 1).This 

classification scheme was used in several studies that took place in Turkey as well (Tağıl, 

2007). 
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Results 

 

Various soil erosion models depending on the specifications of the projects have been 

developed. The most common of these models are RUSLE, CORINE, ICONA, LEAM, 

MOSES…etc. While some of these models make soilerosion risk assessment some present 

current erosion conditions and some of them specify thepotential soil erosion. The Revised 

Universal Soil Loss Equation (RUSLE) method, usedat calculating the soil loss in Istanbulto 

determine the risky areas for soil erosion. 

 

In this study it is aimed to evaluate the potential soil erosion in Istanbul Metropolitan Area 

with GIS, RS methods coupling with RUSLE model. Results shows that soil erosion is 

changing from 0 - 47727 t ha-1 year -1 in 1984, 0 - 53034 t ha-1 year -1 in 1997, -7 - 84189t ha-1 

year-1  in 2007 and in 2010 it is -1 - 91014 t ha-1 year -1. These maximum values are like 1 pixel 

for each year. These maximum values are because of the LS maximum values. 

 

During the investigation of  the percentages of potential soil loss in the study area for 1984, 

1997, 2007 and 2010, it was seen that after 1984 there is an increase in the amounts until 2007 

(Table 2). Between 2007 and 2010 there is a decrease in the percentage values suggesting that 

some precautions have been taken. On the other hand most probably this decrease is the 

result of the completion of construction sites that were bare soil or built-up area in 2007 that 

became urbanized zones in 2010. 
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According to the result maps for potential soil loss in Istanbul (Fig 10 a-d) the highest and 

higher zones are mostly compatible with the mapped soil erosion events. Most of the 

erosions happened in European side and especially between Büyükçekmece and 

Küçükçekmece region. On the Anatolian side there are no recorded erosion. The potential 

soil loss map indicates that Anatolian side are safer than European side of Istanbul. 

 

Investigating the potential soil loss region is an important input for city planners. GIS and RS 

techniques are valuable and useful tool for evaluating and mapping soil erosions.  

 

Discussion 

 

In the past 3 decades Istanbul Metropolitan Area experienced a rapid urbanization causing 

cropland loss and impervious land increase. Human activities caused irreversible landuse 

changes in the city such as loss of natural vegetation. These kind of human impacts changes 

the behaviour of the natural enviorment that results the natural events become disasters. 

Istanbul have been experiencing soil erosion for years. Observing the soil loss is possible 

after the several years of actual occurence. The soil erosions happened in Istanbul donot have 

any date information. The erosions mostly occured in between the Küçükçekmece and 

Büyükçekmece region which is one of the active urbanization area. Some of the erosion 

locations are on urban land whereas some are on agricultural lands that near to urban area. It 

was expected to see the urbanization on the agricultural lands that are neighboring to urban 

land in that region. However, because of the soil erosion people did not settle on these areas. 

This kind of situations suggest us that these soil erosions happened prior to local 
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urbanization so people didnot settle on those areas. If the soil erosion areas occured on a 

settlement zone than they are more recent than the urbanization in that area. If there is not 

settlement on a oil erosion oserved area than it is most probably an earlier event. 

 

In this project, potential soil erosion areas were aimed to investigate to help the future 

planning efforts. During this study several dataset were created and utilized. RUSLE is a 

factor based model that requires 6 factors. Any miscalculations on any of the input factors 

may cause large errors. 
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Tables and Figures 

 

Table 1.The percentages of soil loss potential in the study area for 1984, 1997, 2007 and 2010.  

 

Class Degree 1984 1997 2007 2010 

Lowest 68.54 67.26 67.37 70.68 
Lowest 17.86 17.87 17.81 16.73 
Medium 10.12 10.99 10.77 9.34 
High 1.80 2.02 2.03 1.67 
Higher 1.14 1.26 1.35 1.07 

Highest 0.54 0.60 0.67 0.52 
 

 

 

Table 2. The percentages of soil loss potential classes over 1984 and 2010 landuse/cover 

classes. 

 

1984 Highest Higher High Medium Low Lowest 

Agriculture 8.44 9.75 18.23 8.73 11.62 43.22 
Forest 2.22 3.09 6.48 3.79 5.67 78.75 

Impervious 8.12 11.22 22.73 12.21 15.99 29.73 
Water 0 0 0 0 0 0 
Green 12.00 14.66 26.48 12.34 14.73 19.78 

 

 

2010 Highest Higher High Medium Low Lowest 

Agriculture 7.63 9.13 16.68 7.21 8.73 50.62 
Forest 2.25 2.55 5.64 3.21 5.09 81.27 

Impervious 6.81 9.51 17.79 8.74 10.42 46.74 
Water 0 0 0 0 0 0 
Green 12.22 15.14 27.79 12.47 14.83 17.55 
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Figure 1. Study Area, Istanbul, Turkey. 
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Figure 2. RUSLE Model application for Istanbul. Topographic maps and Landsat images were the basic inputs to the model. To obtain the 

potential annual soil loss in the region rainfall runoff erosivity(R), soil erodibility (K), soil length and slope steppness (LS), cover management 

(C) and erosion control support practice (P) parameters were calculated from related data sets. 
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Figure 3.Soil erosions in Istanbul (digitized from General Directorate of Mineral Research 

and Exploration 1/500000 maps). Years of the events cannot be know exactly. The area 

between Kucukcekmece and Buyukcekmece Lakes has experienced the most soil loss over 

the years. 
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Figure 4. DEM model for Istanbul. Elevation increases up to 536,6 m. Dark red areas show 

the higher elevations. 
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Figure 5. Rainfall erosivity factor map. This maps shows the effect of rainfall impact on 

runoff. 

 

Figure 6. K factor for Istanbul. K represents the susceptibility of soil to erosion. This map 

shows that impervious areas have the lowest soil erodibility whereas forest areas are more 

susceptible to erosion. 



- 121 - 

 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 7. C factor for years 1984 (a), 1997(b), 2007(c) and 2010(d) for Istanbul.C factor is the 

soil management activity against the soil loss and calculated using NDVI. As it can be seen 

from the maps that urbanized areas have higher C values and forested zones have the lowest 

soil management activities against soil loss.  
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Figure 8. Slope Map of Istanbul shows that Istanbul has less steep areas. Dark blue color 

represents the areas with slopes less than 5 degrees. Red color represents slopes with more 

than 25 degrees. 

 

Figure 9. Slope Length Map of Istanbul. The steeper the slope the higher the velocity of 

erosion. Red colors represents highes LS values that soil erosion may occur in higher 

velocities. As the LS value decreases flow velocity decreases.  
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(c) 

 

(d) 

Figure 10.Soil erosions in Istanbul digitized from General Directorate of MineralResearch 
and Exploration 1/500000 maps. This data were shown on the potential soil loss result maps 
for years 1984(a), 1997(b), 2007(c), 2010(d) for Istanbul. Dark blue regions shows the very low 
potential soil loss regions. Red areas are the highest soil loss regions. In Istanbul European 
Side,mostly the region between Kucukcekmece and Buyukcekmece Lakes, is the most 
vulnerable area against soil erosion. 

 


