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The Impact Of Urban Tunnels On Urban Development And Change: 
Istanbul experience 

Suat Apak1; Hande Apak2; Elif Ipek Ozilturk3 

ABSTRACT 

Istanbul is a city with a deep history rooted even beyond the Roman Empire. The characteristics of the present 

texture of the city are based on this historical past and its development is affected by this texture and develops as 

an extension of it. Istanbul is a city that especially takes immigration from the rural areas and the eastern regions 

of Turkey. Its population reached to 15 million with the immigration it has received. The potential that the 

increasing population brings and the demand that the vehicle ownership increasing each year with the current 

urban transport pattern have caused a great traffic density problem in the city.  

The urban people who want to go from one end to the other cause traffic density and jam while they pass through 

the city’s transportation filter. At the same time, these users are experiencing urban areas and places with known 

spatial habits. The method that is considered and applied as a solution to the traffic that is locked with this 

successive bunching and accumulation is the underground tunnels. The tunnel bypasses the regions where there 

are inadequate road networks with heavy traffic loads on the routes, connecting the one region to the other zones. 

The tunnel providing transit mobility mitigates the traffic load and also changes the known neighborhood of the 

urban areas. It changes the urban people’s usage maps in their heads and makes many different socio-economic 

regions closer and makes them neighbors.  

These tunnels open the way for radical changes in the harmonious structure of social, qualitative and economical 

gradual transition characteristics formed as a result of the natural and planned development of the city and open 

the door for radical changes. The use of land in very different structures interweaves the city-dwellers in socio-

demographic structure. With the realization of these tunnels, the urban districts and centers become neighbors 

with these peripheries and carry the values of the qualified regions to these regions. In progress of time, the 

economic values of the periphery regions have increased, and the new business and residential areas have started 

to rise rapidly in these regions. It is observed that this activation is a positive effect of dynamism that will 

contribute to the development and progress of the periphery areas. It is thought that this positive effect bring with 

itself some problems such as some social problems as of excessive nesting of the peripheries with the qualified 

areas and the urban people with low income can be displaced with the increase in the economic value and their 

living areas can be changed and excluded.  

A three-step methodology was applied in the research. Entrances and exits of the tunnels were identified as 

working areas. The nearest circles to which effective access from these points are provided are the boundaries of 

the study area. The observations and determinations were made on the new settlement areas and points in the 

study areas. As a second step, their market values were searched and the real estate values before and after these 

tunnels were determined. The studies were performed on the maps; axial line maps were taken before and after 

the tunnel with the depthmapX program developed by the University College London, The Bartlett School of 

Architecture, and the depth values of the regions were examined. In the comparison performed, it was clearly 

observed that the high depth values that the old urban texture possesses in the analysis of the depthmapX axial 

line maps actualized with the tunnel are shifted to the fringe regions bounded by the tunnels. The market values 

1 Suat Apak Department of Architecture, Faculty of Architecture, Istanbul Technical University (ITU) Taşkışla St. İstanbul 34367  apaks@itu.edu.tr 

2 Hande Apak Dept. of Architecture, Faculty of Architecture, Yildiz Technical University (YTU) Besiktas, İstanbul 34349 handeapak1@hotmail.com 

3 Elif İpek Öziltürk Architecture Department, Graduate School of Science Engineering and Technology, Istanbul Technical University (ITU) 
Büyükdere St. İstanbul 34469  ipekozilturk@gmail.com 

1

 Proceedings of the 12th Space Syntax Symposium 



of the regions in the economic context before and after the tunnels were determined and their maps were done. 

The new reconstruction maps were determined before and after the tunnel in the same way.  

The new structuring points and their market values were compared with the depth values of the regions and the 

presence of significant relationships between depth value / new structuring points and depth value / market value 

was determined. The tunnels, which were constructed with the aim of mitigating and balancing the traffic load, 

also changed the usual use of the city and determined that they took the urban development in different 

directions. 
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1. INTRODUCTION

Istanbul is a city with roots of different civilizations and cultures with a deep-rooted history dating back 

centuries. The characteristics of the existing texture of the city are based on this historical past and its 

development is improved as an extension of this texture. Istanbul is a city in Turkey that especially receives 

migration from rural areas of the eastern region. According to the 1980 general census 4074800 people were 

living in Istanbul and it has almost quadrupled its population in 38 years with the migrations it has received in 

recent years and has become a large megapolian city in the world where 15 million people live today. As of 

2017, its population is 15,029,231. The city ranks 34th in the world in terms of its economic size, the first in 

Europe and the sixth in the world according to the ranking of the population in terms of the municipal 

boundaries. Together with population growth, the country's income sources have also improved and average per 

capita income has risen 2.5 times from 1998 to today, reaching USD 10600 from 4440 USD. In parallel with this 

increase in revenue, also the share of vehicles is increasing. In 1966, the vehicle ownership in Turkey was 

231.977, and it has reached to 22.798.200’s million today.  With the effect of the average income increase per 

capita in parallel with the increase in tragic population growth in Istanbul, the vehicle ownership, which was 

921100 vehicles in 1994, reached 1307000 in 2000 and the number of vehicles in today's 4167000. 

The demand created by the increasing population in the current urban transport pattern and the increase in the 

demand for vehicles each year has caused a major traffic density problem in the city. The citizens who want to 

go from one end to the other, cause density and congestion as they pass through the city transportation filter. At 

the same time, these users experience urban areas and spaces with familiar spatial habits. With this consecutive 

grouping, the underground tunnels are considered and implemented as a solution to the traffic that is locked by 

this bunching. The tunnels connect the regions at one end to the other regions by bypassing areas with 

insufficient road networks with heavy traffic load on the routes. Transit fluidity tunnels alleviate the traffic load, 

but also change the known neighborhood of the urban areas. Tunnels are changing the urban usage maps in the 

minds of the urban people, bringing the different socio-economic regions closer and making them neighbors. The 

tunnels increase the spatial accessibility by generating solutions to vehicle traffic and shifts urban mobility to 

other regions. 

The fiction in the syntactic sequence controls the movement of people and vehicles, and the movement increases 

the vitality of the space. The vital spaces turn into trade as land use type and the spaces that turn into trade attract 

more movement. Hillier calls this cycle a multiplier effect in his work economy of motion. In this context, the 

areas where there is intense movement and commercial use as land use become important areas of the city. 

Spacesyntax Method; It is the name given to the whole of the techniques supported by the theoretical approaches 

used to define the spatial models of different scales, cities, built environments, building groups and in-house 

space organization and to examine their interaction with the social structure. The theorem of Hillier and Hanson's 

research group in the late 1980s is aimed at revealing the relationship between the physical structure and social 

structure of the city. The Space Composition is a series of theories that deal with the space and society used to 

investigate the spatial textures of buildings and cities and a set of techniques covering the representation, 

digitization and interpretation of the spatial configuration of structures and settlements (Hillier et al, 1987). 
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The Space Syntax analysis method, which is accepted as a method of reading space, was designed by Bill Hillier 

and his team in the University College of London (UCL) for the purpose of revealing the effects of 'spatial 

appearance' in the building and built environment in the early 1970s with the theoretical studies in architecture 

and urbanism (Hillier et al., 1983). Hillier mentions the existence of a 'common language' with the space syntax 

analysis techniques in his book named Social Logic of Space, which determine the structure of the city and the 

relations between the spaces (Hillier, Hanson, 1984: 142). The studies have progressed in parallel with the 

studies of March and Steadman (Steadman, March, 1974) to define the geometric and formal boundaries of 

architecture. 

Space Syntax studies focus on the functional, spatial and form-related effects of spatial form characteristics in 

the 'real environment', which considers the general appearance features of settlements and structures in organic 

and irregular form. In addition to social, legal, spatial, positional, and physical factors affecting the land values 

in the literature based on concepts such as space syntax with security sense, motion economy, accessibility, land 

use and space syntax, the effect of spatial integration value factor has been frequently investigated in recent 

years such as Suat (Apak et al., 2005) (Apak et al.,2015) Alper (Unlu et al., 2005) Maria (Giannopoulou et al., 

2016) Alain (Chiaradia et al.,2009) and Lasse (Liebst, 2015) . Enström and Netzell (20011) researched the 

relationship between office rent values and integration in Stockholm city centers with space syntax analysis. In 

this research, they found a high correlation between the value of integration in city centers and office rents. 

Saeid (2011) states that Space Syntax theory can be a tool for evaluating land prices by developing its potential 

for use within spatial econometrics. In Wroclaw, which was chosen as the study area, real estate sales prices 

were obtained from the official sites of real estate agencies, including prices for the period from January 2009 to 

July 2009, and the data on the urban morphology were based on numerical values obtained from the axes drawn 

by space syntax analysis. 

Narvaez et al. (2012) investigated the relationship between spatial data and different economic data. The 

integration values from the space syntax analysis and the residential properties and housing types constitute the 

morphological parameters of the study. It was concluded that there is a high correlation between tax amounts and 

global integration values from economic data. 

In the studies investigating the factors affecting the land value, various indicators such as land use, 

characteristics of the neighborhood unit, regionalization, physical properties of the parcel, traffic load and 

transportation of the network, and macroeconomical indicators, closeness to central business area (CBA) and 

sub-centers and closeness to urban equipment have been investigated extensively (Xiao, 2012). 

Within the scope of this research, a space syntax analysis method based approach has been adopted. The 

previous studies show that there are strong correlations between syntactic data and other variables such as land 

use, land value, rent value, and residential property. Within the framework of this study, axial map analysis was 

used to determine the pre - tunnel state and post - tunnel integration status. As a result of the integration, it was 

aimed to find out which regions and in which zones of these regions were affected more. In accordance with 

these determinations, the scope of the study area was narrowed to the locations determined and the changes in 

these locations were studied and the urban development was tried to be evaluated. 

Dolmabahce - Kagithane connection tunnel  

The construction process of the Dolmabahce-Kagithane tunnel project, which was realized within the scope of 

the '7 Hills 7 Tunnels' project developed by Istanbul Metropolitan Municipality (IBB) to solve the traffic 

problem, started in May 2007 and took place in two stages.  Its first phase was the Kagithane-Piyalepasa Tunnel 

and was put into service in March 2009 and the second phase was the Dolmabahce-Bomonti tunnel and it was 

completed in June 2010. They were constructed as two parallel tubes with round trip. The length of the 

Dolmabahce tunnel exiting from Bomonti after passing Taksim and Ferikoy from the bottom is 2390 meters and 

The length of the Kagithane tunnel, which starts from Piyalepasa and reaches to Kagithane by passing 

Okmeydani and Caglayan from the bottom is 1625 meters in length. The total length of these two tunnels 
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connecting Besiktas-Dolmabahce to Kagithane is 4015 meters. In addition, the connection to the TEM 

Motorway from Sutluce makes the use of this line even more attractive. 

Figure 1: Locations of Dolmabahce - Bomonti/Piyalepasa and Piyalepasa - Kagithane tunnels 

The fact that the Dolmabahce-Kagithane Tunnel eased the transportation is one of the most important factors 

affecting the values of the real estates in the Kagithane region. These tunnels open the door to radical changes in 

the harmonious structure that shows the social, qualitative and economic progressive transition characteristic of 

the natural and planned development of the city. The use of many different types of land is intertwined with the 

city-dwellers of the socio-demographic structure. With the realization of these tunnels, very popular urban areas 

and centers are adjacent to the skirts and the values of qualified regions are carried to these regions. 

2. DATASETS AND METHODS

Within the scope of the study, a field study was conducted to obtain physical, sociological and economic data 

from the regions at both ends where underground tunnels provide connection. These areas are the Besiktas 

(Dolmabahce) region at the Marmara Sea entrance of the Bosphorus and Kagithane where located at the west of 

this region. 
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Figure 2: Locations of districts of Kagithane and Besiktas (Dolmabahce) in Istanbul 

The regions connected at the end of the tunnels and their characteristics 

The tunnels connect two areas of Istanbul with many different characteristics. Dolmabahce region, which is one 

of the tunnel mouth regions, is one of the points with the traffic densities in Istanbul. Tunnels have been 

constructed in this region in order to allow the vehicle density to be discharged from the shortest road to a more 

free-loosened area and from there to be integrated into the city freeways that are more transit. 

Dolmabahce (Beşiktaş) District 

Dolmabahce region is located within the boundaries of Besiktas district and it is the heart of Besiktas on the 

shores of the Bosphorus. Besiktas is one of the oldest settlements in Istanbul and was separated from Beyoğlu 

district in 1930 and turned into a district. It is located on the European side of Istanbul. There is Sarıyer at its 

north, Şişli at its west, Beyoğlu districts at its south-west and the Bosphorus at its east. Its surface area is 1,520 

hectares. The number of the buildings is 17,429 and the number of independent houses is 79,561 and the number 

of business places is 23,435. According to Turkish Statistical Institute (TUIK) data in 2017, the total population 

is 185.447. 

Besiktas is one of the central districts of Istanbul, which is the historical and cultural center of the world, and it is 

the place where a wide variety of building types are seen due to the fact that both the members of the dynasty 

and the high government officials and the ordinary people lived in the Ottoman period. It has rich museums, 

modern culture centers and art galleries, including Dolmabahce Palace, Çırağan Palace, Yıldız Palace, Painting 

and Sculpture Museum and Maritime Museum.  

It has some of the most respected universities of the country within the boundaries of the district and in a way, it 

is also the center of the educational institutions. The existence of various departments and faculties with the 

universities, the number of establishments and the connection of the traffic to various regions of Istanbul after 

the Bosphorus Bridge cause the daytime population to increase several times more than the census population. 

Besiktas has become the home base of the Ottoman Empire with construction of Dolmabahce Palace, Çırağan 

Palace, Yıldız Palace and the pavillions and mansions. In addition to the historical structure of Istanbul during 

the Republican period, it also gained new and modern urbanization. The district is a qualified district of Istanbul 

in terms of housing supply. Especially Levent, Etiler and Bebek neighborhoods are examples of modern 

urbanization. Rapid population growth and regional squattering in some districts of Istanbul are not seen in 
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Beşiktaş. Besiktas is totally an urban settlement area. The population growth rate of recent years shows a regular 

and planned settlement area characteristics. 

The district also attracts attention in terms of transportation, human relations and facilities. Levent and Etiler 

regions, which have a regular settlement in recent years, have become places of interest for industrialists, 

businessmen and artists. 

Kagithane District 

Kagithane is a district located on the European side of Istanbul. It is located in the area where Kagithane Creek 

meets Golden Horn and has a rugged terrain. In the north there are Sarıyer, Besiktas in the northeast, Sisli in the 

east and south, Beyoglu in the southwest and Eyup districts in the west. The largest neighborhoods are 

Seyrantepe, Hamidiye, Merkez and Talatpasa. 

Kagithane distinct had the village status connected to Merkez Sub-district of Sisli district and became a district 

of Istanbul by seperating from Sisli district in 1987. The mayorship was formed with the local administrations 

elections held on 26 March 1989. 

Figure 3: Photos from Dolmabahce-Besiktas (above) and Kagithane (below) districts 

The economy of the district is based on industry and trade. In the past years, Kagithane was a recreation area and 

became an industrial zone after 1950s. This situation accelerated after the 1960s, factories and manufacturing 

shops were established in the region. After these dates, the slopes facing Kagithane Creek filled with slums 

caused a rapid population increase. 

A large part of the population of the district consists of people from Anatolia (mainly from Central Anatolia, 

West, Central and Eastern Black Sea) who come to Istanbul to work. A large population growth was observed in 

the district from the 1960s to the 2000s. 
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With its current location, it is the neighbor of the developed regions of the European side such as Ayazağa-

Maslak over the Cendere-Seyrantepe to the north; Levent and Sisli in the east and Beyoglu-Taksim in the south. 
The unplanned urban pattern that its location brings and it owns and the low-quality structure of the housing 

stock, which forms the pattern, gives the region a great potential of change. The development of the 

transportation link with the qualified neighboring regions increases the tendency of this change process to 

accelerate. 

New structurings in Kagithane: construction certificate and occupancy permit data 

After the tunnels, there is a great acceleration in the construction in the Kagithane area. Since 2009 and 2010’ 

which are the opening years of of the tunnel, many constructions have been made that address the high income 

groups. The number of these buildings with high investment value is 52 according to the investigations and 

findings in the field. These structures were built in the period from the beginning of the tunnel construction to 

the present day, and are mainly on the streets of Imrahor and Cendere and are concentrated within the boundaries 

of the Merkez neighborhood of Kagithane.  

Figure 4: New buildings and locations with high investment value after the opening of tunnels in Kagithane district 

Another important indicator of structuring after the tunnels in Kagithane is the number of construction permit 

certificates and occupancy (property use) permits. According to data obtained from Turkey's statistical agency, a 

remarkable rise is observed at the number of these permits taken in the years following the opening of the tunnel.  
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Figure 5: Number of Construction Permits and Comparison of “Rates of Construction Permits” in Istanbul and Kagithane district between 

2002 and 2017, before and after  the tunnel opening 

The number of construction license applications in Kagithane, which was 17 in 2002 and 21 in 2003, was 314 in 

2009, 528 in 2010, and in 2014, it reached the highest level with 859 and was realized as 459 in 2017. On the 

other hand, it was determined that the increase in construction license applications throughout Istanbul was not 

as strong as the increase in Kagithane district. These findings indicate that the increase trend in Kagithane 

province is much higher than from Turkey and Istanbul and after the openning years of the tunnel, there is a leap 

in construction start-up demands in Kagithane district.  

It was considered that more meaningful results would be taken by comparing  the proportional data generated by 

comparing the data with the 2002 data in the comparison of construction license applications in Istanbul and 

Kagithane district. As can be seen at the graphic obtained from this thought, there is a striking difference 

between the number of new building construction permits in Istanbul and Kagithane after the tunnel. In Istanbul, 

there was a horizantal progression of the construction permits for the years between 2002 and 2017, but in 

Kagithane it is seen that the increase of the consgtruction permits reached 31 times more in 2010, which is the 

opening year of the tunnel, and 50 times more in 2014 when compared to 2002. 

Another important indicator of the construction following the tunnels in Kagithane is the number of occupancy 

permits. This document, which was given for the first time to use the new completed constructions, is an 

important indicator for determining the number of first users moved to that region and new homes. According to 

data obtained from the Turkey Statistical Institute, a significant increase is observed in the number of these 

documents for the years after the opening of the tunnels. 
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Figure 6: Number of Occupancy Permits and Comparison of “Rates of Occupancy Permits” in Istanbul and Kagithane district between 2002 

and 2017, before and after  the tunnel opening 

As can be seen from the table above, the number of occupancy permits was 2 in 2004, 4 in 2005 before tunnel 

opening, 280 in 2011 after tunnel opening years, 505 in 2014 and reached its highest level with 661 in 2016. 

Before the opening year of the tunnels in Kagithane district, a total of 54 occupancy permits were obtained, 

while this number has been realized as total 3402 permits in the last 9 years after the opening of the tunnels. The 

number of dwelling units in these buildings, which the occupancy permits were received, is 442 units before the 

tunnels and 35094 units after the tunnels. 

When comparing the proportional data generated by the ratio of the number of occupancy permits to the data of 

2002, an increase of 8 times was observed in Istanbul in the fifteen years starting from 2002, whereas this ratio 

has been realized with a dramatic increase of 500 times within the boundaries of the district of Kagithane. 

Data related to integration values before and after tunnels in Kagithane and Dolmabahce regions 

After tunnels, it is observed that there is a serious change in the integration values in Kagithane and Dolmabahce 

region. The change in the Kagithane region is more evident than in the Dolmabahce region. 
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Figure 7: Integration Values of Dolmabahce and Kagithane Districts before and after  the tunnel opening 

It is observed that the integration values of the Dolmabahce region, which had a higher integration value than the 

general of Kagithane region before the tunnels, have increased by 43% after the tunnels to an average of 460,000 

from an average of 320,000. Only the integration value of the Kadirgalar Street, where the tunnel entrance is 

connected, appears to have increased from 286,903 to 509,276. Despite this limited increase in the Dolmabahce 

region, there is a higher increase after the tunnels in the general of Kagithane region. 

Figure 8: The Integration Maps of Dolmabahce and Kagithane Districts before and after  the tunnel opening 
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The integration values of the Kagithane region, which had an average of 270,000 levels, have increased to an 

average of 490,000 and the increase in this region was about 80%. By connecting the the two regions with the 

tunnels, there was a further increase in the integration values in the Kagithane region, the integration values 

approach to the Dolmahce region after the tunnels and the integration with the Dolmabahce region, which has 

higher integration values, was achieved. From the analysis of the integration values, it is understood that the 

Kagithane area, especially the Imrahor and Cendere streets, has become an extension of the Dolmabahce region. 

Property values of immovables in Kagithane 

Following the tunnels, a significant increase in the real estate values in the Kagithane region was observed. It is 

seen that the real estate values, which showed a relatively horizontal course before the tunnels, started to actuate 

as of the opening years of 2009 and 2010 and started to rise at the years when the new construction (license) 

permits incerase after the tunnel and reached to the highest levels in the years when new buildings were finished 

and occupancy permits were increased. 

In the years before the tunnel, an exemplary housing price of 100 square meters, which is around 100,000 TL, 

reached to TL 170,000 in 2012, when the occupancy permits increased after the tunnel, and in 2016, which was 

the year that the occupancy permits were at the highest level, it reached to TL 351,700. 

Figure 9: Sample dwelling unite price (100sq.m, 2 Bedroom and 1 Living room) in Kagithane district between 2003 and 2018 

(Rebis.reidin.com, 2018) 

After the tunnels, it is seen that the new structuring in Kagithane are concentrated within the boundaries of the 

Merkez neighborhood and especially on the Imrahor and Cendere avenues where the tunnels connect. The 

Merkez neighborhood, which is one of the 19 neighborhoods in Kagithane, there has been an increase in the 

value over the real estate value increase in Kagithane, with the high share that it has received from the new 

structuring. The increase in real estate sq.m. unit sales prices until 2016 was parallel to the increase in Kagithane 

region. After 2016, the difference between the increase values gradually draw away in favor of the Merkez 

neighborhood. Nowadays, real estate sq.m. unit sales prices in the Merkez neighborhood are 22% above the real 

estate sq.m. unit sales prices in Kagithane. 
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Figure 10: Kagithane district general and Merkez quarter real estate sq. m. sales prices comparison between 2010 and 2018 (zingat.com 

2018) 

Demographic structure in Kagithane 

It is observed that there is no major change in the population of Kagithane after tunnels. When the populations of 

Istanbul, Kagithane and the Merkez neighborhood of Kagithane are examined, the population of Istanbul, which 

is 12573836 compared to 2007, reached 15029231 in 2017 in the last decade. According to the same years, the 

population in Kagithane was increased from 418229 to 442694 people, while the population in the Merkez 

neighborhood rose from 23047 to 30404 people. 

Figure 11: Population of Istanbul, Kagithane district, Merkez neighborhood and Comparison of Population Ratios of Istanbul, Kagithane 

district, Merkez neighborhood between 2007 and 2017, before and after  the tunnel opening 

When the changes in population numbers of the Merkez neighborhood of Kagithane, Kagithane district and 

Istanbul are compared with the proportional values developed in 2007, although the population of Kagithane 

district is far below the increase in Istanbul, it is seen that the population of the Merkez neighborhood is much 

higher than the increase in Istanbul. 
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The population of Kagithane did not show a leap after the opening years of the tunnels, and there was no 

differentiation in the upward trend, but continued in the normal course. In the Merkez neighborhood, where the 

new building is concentrated, the number of population has started to show a sharp increase from the years 2013 

and 2014, when the occupancy permits have increased. From these years, the difference between the increase in 

the number of people living in the Merkez neighborhood and the increase in Istanbul has continued. 

Due to the fact that the new buildings have high investment value and are built for A and A plus user groups and 

their sales prices are above Kagithane and Istanbul averages, the users who increase the population in the 

Merkez neighborhood are considered to have high income levels coming from outside of Kagithane district 

boundaries. 

Study Methodology 

A three-step methodology was applied in the research. Entrances and exits of the tunnels were identified as 

working areas. The nearest circles to which effective access from these points are provided are the boundaries of 

the study area. The observations and determinations were made on the new settlement areas and points in the 

study areas. The observations and determinations are aimed to determine the physical and socio-economic 

changes and the size of the area that it has come today. The map, new zoning plans, road-vehicle information 

and new construction and occupancy permits data were obtained from the local municipalities. 

As the second step, the market values were investigated, local real estate brokers were interviewed and the 

values of properties for sale and rental properties in the area were investigated and the real estate values have 

tried to be determined as of after and before the tunnels. Another method applied to determine the real estate 

values has been to obtain data on the region from the major real estate sites on the Internet. 

In the third step, studies on the maps of the region were carried out, and the obtained as a result of these studies 

and the collected data were compared and interpreted. The substructure of the axial line maps with dxf extension 

were prepared with Autocad program for the both regions by using the current maps. The 'depthmapX' program, 

developed by The Bartlett School of Architecture at University College London was used for integration 

analysis.  The dxf files provided by the Autocad program were transferred to the DepthmapX program and 

integration analyzes were performed. The integration maps were produced by calculating the depth values. First 

of all, the integration maps of the tunnel ends and close regions, which are disconnected from each other, were 

produced and then the axial maps of these two regions were connected by connecting with an axial line 

representing the tunnels and the integration map of the whole area connected to each other was obtained and the 

change was evaluated. 

A comparative evaluation of the relationships between the obtained axial map analysis and the depth value tables 

and the other variables was made by using spss program and it is tried to interpret the changes at the variables 

with the integration value changes and to explain the the changes and developments in the city within this 

context.  

3. RESULTS

The changes at the traffic situation in the Dolmabahce and Kagithane regions after the tunnels 

The route which starts with the entrance of the tunnel from Kadırga to the north of Inonu Stadium in 

Dolmabahce exits from Bomonti, passing through Taksim and passing Ferikoy region as a tunnel from the 

bottom without entering Taksim-Kabatas-Karakoy traffic. The other Kagithane-Piyalepasa Tunnel, which starts 

in Piyalepasa, also reaches to Kagithane by passing through Okmeydanı and Caglayan from the bottom. The 

transportation time between Kagithane and Dolmabahce has decreased from 40 minutes to 5 minutes. A daily 

average of 53,000 vehicles pass through the Kagithane-Piyalepasa tunnel opened to traffic on 15.03.2009. A 

daily average of 35.000 vehicles use Bomonti-Dolmabahce Tunnel, which was opened on 10.06.2010 

(tkm.ibb.gov.tr). Thus, a significant burden was taken to the lower level through the Taksim and Çağlayan 

regions, which are one of the busiest traffic points of Istanbul, and the traffic load was lightened and these areas 

were saved from being crushed unnecessarily. 
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The changes at the regions after the tunnels 

After the connection of the Dolmabahce and Kagithane regions with tunnels, the most affected area was the 

Kagithane region, except the traffic problem. Together with the increasing intensity of traffic in the Kagithane 

region, this region has met physical and socio-economic impacts, particularly in the changes in existing land use 

functions, new construction, regeneration of existing urban fabric by demolition, increase in real estate values 

and change in user profile in certain regions. 

Analysis of the integration values before and after the tunnels in Kagithane and Dolmabahce regions 

Imrahor and afterwards Cendere streets in Kagithane, which extends along the creek bed and links to the 

opposite side of the creek with bridges and seem having intermediate integration values, become the the region's 

integration core with the connection of the tunnel exits and the further highway network. It is seen that the 

integration values of Imrahor and Cendere streets increased from 360.700 to 513.330. As this line clearly comes 

to forefront in the axial line analysis, it shows parallelism with its role in the urban life. Hillier (1996), the 

distribution of integration in the axial  map defines an ‘integration core’ which generates not only a movement 

pattern but also a distrubution  of land uses such as shops and residences which are sensitive  to movement. As 

Hillier points out, there are differentiations (function changes) in the use of lands around these streets, and the 

number of new shopping centers, residences and high-quality business centers are increasing day by day and the 

mobility of the human-vehicle density is increasing. 

Figure12: The Axial Line Analysis /  Integration Maps of Kagithane Districts before and after  the tunnel connection 

Since the topography has very steep gradients just at the bottom of the tunnel exit, a small, unplanned and 

skewed construction has taken place. It has a fragmented, microsized property pattern. Since it has such a feature 

of urban texture, althought it is close to the tunnel entrances and exists, and the integration value increases with 

the tunnel connection, there is no widespread change in this region. The change frequently takes place within the 

boundaries of the Merkez neighborhood, which extends along the creek where high integration values continue 

and where the topography is flattened. This area in the context of topography has industrial and warehouse areas 

or vacant areas which have a flat and unfragmented property pattern that is suitable for large scale construction. 

It is surrounded by hills. Istanbul's most important central business district  (CBD) is on the ridges on the eastern 

side. This area, which is an industrial zone in 1950s, is now the financial and shopping center of Istanbul. Since 

it was an industrial zone before the transformation, this region which is the back sides of the industrial zone (ie 

the slopes between the Merkez district and the industrial zone) reflect the planned development which is 

preliminary slum and then rehabilitated region and nowadays that has taken the urban fabric in the past to basis.  

In the region between the central business area and the Merkez neighborhood, the district of Kagithane has ten 

neighborhoods with the most crowded population. The total population of these ten neighborhoods is 199794. It 
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is observed that the integration depth values of the settlements on these slopes, which are adjacent to the Merkez 

neighborhood, decrease as getting down from the central business area to the skirts. However, with the 

connection of tunnels, the integration values of the region in the Kagithane creek bed located in the Merkez 

neighborhood increased to 477.762 from the values of 276.391. This strong increase in integration values is also 

observed on the main arteries that climb to the hills. There is a reversal in the integration values, which are 

weakened from the hills to the skirts, to the creek bed, and it is determined that a new core is formed in parallel 

with the CBD in the upper elevations. 

New structuring in Kagithane after tunnels 

A rapid movement is seen in Kagithane after the opening of the tunnels. The land use functions and densities are 

changed with projects such as the Cendere Vadi Special Project. The large factories still existing in the valley of 

Cendere and causing pollution are tried to be transformed to flueless plants. The construction permit at the 

zoning plan has been removed from being an industrial area and arranged as EIT (Education, Informatics, 

Technology) and commercial area and it has been increased from 0,40 equivalent to 1,20 and the incentives were 

provided in this direction (www.kagithane.istanbul/projects, 2018). 

In parallel with the region being more attractive with function and intensity changes, the increase in the number 

of construction start-up permits increased by a maximum of four times across Istanbul and this figure reached 

about to fifty times in Kagithane. It shows similar situations in the number of occupancy permits. While the 

occupancy permits have increased eightfold across Istanbul, this rate has increased up to five hundredfold in 

Kagithane. It was found that most of the new high value investment structuring were carried out within the 

boundaries of the Merkez neighborhood, which was one of the most affected areas in axial map analysis and 

hosted the core in which the integration value rises the most. These structures are located on the axis of Imrahor 

and Cendere streets, in particular the regions where topography is flattened, where the property is not 

fragmented, and where the construction equivalent values are increased and in where the integration values jump 

from the 358,900-401,700 band to the 485,100-513,300 band. 

Figure 13: Merkez quarter and location of newly constructed buildings with high investment value in Kagithane district 
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Changes in real estate values after tunnels in Kagithane 

After the tunnel connection in Kagithane district, the total number of the buildings whose occupancy permit by 

completing the construction is 3402. In 2017, the number of buildings with the permission is 512. When the 

market values of the 2 + 1 size apartments at zero age, which were completed in 2017 and 2018, were 

investigated in general in Kagithane district, it was observed that the core, in where the integration value 

increases, and the surrounding region had different value distributions. When these distributions are considered 

with the idea of creating average values, it is possible to divide the region into five sub-regions in general. It is 

seen that the area with the highest sales value from these five sub-regions is number two, which is located on the 

Cendere street axis by the integration value rising from 276,391 to 477,762 at the highest levels and at the skirts 

of the central business area. The apartment with the highest sales price of the region and the Kagithane district 

with the sales price of TL 750.000 is located in the number two area. The average sales price of this area is 

467.000 TL. 

Figure 14: Sale price distribution of 2 bedroom and 1 living room newly constructed apartment in Kagithane district in 2018 

The total price of a 2bed + 1living 100 sq.m. apartment for Kagithane district was calculated as 399.709 TL for 

2018 according to hedonic price increase table. The price of the apartment of the same size, which is an average 

of TL 476,000 within the number two region, is well above the Kagithane district.  

According to Hedonic housing price table, 2 + 1 apartment sale price was TL 137.397 in 2008 before the tunnel 

was increased to TL 171.049 in 2012 after the tunnel, TL 231.731 in 2014, TL 351.750 in 2016 and TL 399.709 

in 2018 and it showed an increase of nearly three times in a decade.  

In order to evaluate the price increases and to make reliable interaction of this factor with other factors, it is also 

important to perform point samples that are constructed before the tunnels and which are still active today. 

'Selale Houses' is a prominent example in the context of creating a comparable example with today's sales values 

since they were constructed before the construction of the tunnels and designed by repeating of the apartments 

and blocks with the same plan. There is only one type of apartment in Selale houses. Only the direction and the 

floors and the decorations done afterwards are different. Located in the central quarter of Kagithane, Selale 

Houses consist of 11 blocks with 540 apartments built on an area of 14.000 sq.m. The houses were completed in 

2003 and started to be occupied. On this site, 1 living room and 3 bedroom, 120 sq.m. apartment’s sale price is 

TL 570.000. There are 3 apartments for sale with the same quality in the site today. The prices of these 

apartments are TL 525.000, TL 540.000 and TL 650.000. According to the correspondence of the archives of a 

consultancy firm, the sales prices of the apartments of the same quality in this site were TL 210.000 in 2010 and 
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TL 235.000 and TL 265000 in 2012 compared to the years before the construction of the tunnels. When these 

sales prices are transferred to inflation-adjusted values, the amount of TL 210000 reaches TL 418600, TL 

265000 to TL 455285 and TL 235000 to TL 403750. The average of the three sales price is TL 425880.  

'Selale Houses' is located on the Merkez neighborhood of Cobancesme Street. This street is located 460 meters 

away, directly connected to Cendere Street. While the integration values were in the fourth group with 401.713 - 

358.946 value range before the tunnels, they increased to the fifth group which formed 461.479-413.440 value 

range after the tunnels. It was determined that there is a high correlation between the integration values of this 

site and the apartment sales prices before and after the tunel. 

While the integration values were low before the tunnels (401.713 - 358.946 4th Group), the apartment prices 

were low, and as a result of the binding of Kagithane district to the Dolmabahce region with tunnels, turning 

Cendere Street into an Integration Core and increasing the integration value of the Cobancesme Street connected 

to Cendere street (461.479-413.440 5th Group) were caused the apartment prices to rise (0,969 ˃0,01). When the 

prices for 2010 and 2012 are moved to the present day by inlation-adjusting, there is a slight weakening in 

correlation values and no general change is observed (0,865˃0,01).  In the evaluation made for the entire Merkez 

neighborhood, it is seen that there is a strong connection between the values of integration and dwelling unit 

sales values before and after the tunnels. After the tunnels, the sales value of the apartments increased in parallel 

with the increase in the integration values in the Merkez neighborhood (0,674˃0,01).  

The change in the demographic structure in Kagithane after the tunnel 

Kagithane and its surrounding neighborhoods were the districts of Sisli district until 1987 and Kagithane has 

become a district by leaving Sisli in 1987. Kagithane became an industrial zone after 1950s. This situation 

accelerated after the 1960s, factories and manufacturing plants were established in the region. After these dates, 

the slopes facing Kagithane Creek filled with slums caused a rapid population increase. Most of the population 

of the district consists of people coming from Anatolia to work in Istanbul. A large population growth was 

observed in the district from the 1960s to the 2000s. 

The number of people residing in Kagithane district was 442,694 in 2017. Although the population is located 

within the boundaries of Kagithane, only 42,962 people of this population are registered in Istanbul. 399,732 

people, who make up 90% of the remaining population of Kagithane, consist of citizens registered in the 

population of cities except from Istanbul. The leading population consists from 51,569 people registered in 

Sivas. Sivas is followed by Kastamonu people with 27,707,  22,998 people from Ordu, 19,364 people from 

Giresun and 18,855 people from Samsun.  

According to the address-based population registration system, the population of Kagithane district was 418,229 

in 2007, while it was increased by 24,465 people and increased to 442,694 people in the last decade including 

the opening years of the tunnels. The population of the Talatpaşa neighborhood near the point where the tunnel 

connections were made within the same time period has not increased and has decreased from 34,391 people to 

33,039 people. As the reasons for this decrease, it can be shown that it has a very sloping topography, a 

fragmented / small-scale property structure and an urban fabric with irregular development. There was no major 

change in the population of the Gursel neighborhood adjacent to it. While the population of this neighborhood 

was 27,509 in 2007, it increased by 2524 people in 2017 to 30,033. It can be said that the reasons for the limited 

population growth are in line with the reasons of Talatpasa neighborhood. In spite of the decrease in the 

population of both neighborhoods and limited increases, the functional changes and certain number of high value 
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new buildings were constructed on the appropriate lands through Imrahor street where the tunnel exits are 

connected and transformed into an integration core. The Merkez neighborhood comes to forefront as the 

neighborhood which shows a significant increase in population growth. In 2007, the population of the Merkez 

neighborhood, where 23,047 people lived, increased by 7,357 people in 2017 to 30,404. The increase in the 

population during the ten years period is around 32%. Approximately one third of the population growth in 

Kagithane district was experienced only in the Merkez neighborhood.The prominent idea is that  the majority of 

this population is the new users who are living in new buildings built on the lands that have been converted into 

housing functions rather than renewed structures. The majority of this population is either from other 

neighborhoods of Kagithane or from outside of the Kagithane district. 

The new structuring were gathered around Cendere street, where the integration value has been increased with 

connecting the Dolmabahce region to Kagithane region with tunnels and became the integration core of the 

region and the syntactic extension of Dolmabahce region. It addresses middle-upper income groups as 

purchasing power. Investors strive for to be demanded especially by the white-collar workers by developing the 

projects for B, B + and A income levels. The evaluation made within this framework indicates that the majority 

of the population in the Merkez neighborhood is the users with this profile. 

4. CONCLUSIONS

In the period 2009-2010, in the scope of the Istanbul traffic relief, tunnels extending from Dolmabahce valley to 

Kagithane valley were built. The tunnels bridged the traffic fluidity between the regions along with the physical 

environment quality, value and social environment qualities of the regions. The tunnels have pumped the new 

loads in congested urban traffic in the form of heaps , as well as alleviate the burden of clogged urban road 

networks and made the transit flows more streamlined. These bridges have changed the known neighborhood of 

urban areas beyond traffic flow.They have provide easy access between the regions and the spatial quality, value 

and socio-economic, cultural value interactions of regions have been brought together by linking many different 

socio-economic regions. The Kagithane region was most affected by the interaction of the regions. 

Before the tunnel connections, Kagithane was a region of industrial and storage activities and there are squatter 

areas where employees live at the outskirts of an area that was formerly industrial and then turned into one of the 

most important central business areas of Istanbul. In these periods, the industrial and environmental pollution 

caused by urbanization has reached the upper levels. The Golden Horn and the Kagithane Creek, which is the 

Golden Horn’s extension that was feeding it, have become a region where bad odors have spread. The creek 

causes frequent flooding. 

A big change has started in Kagithane district with initiating the seven tunnels to the seven hills project in order 

to ease the traffic problem of Istanbul in parallel with the efforts to complete a large part of the stream 

improvement and constructing the Dolmabahce-Bomonti and Piyalepasa-Kagithane tunnels and being put into 

use in 2009-2010.  

Although the intensity of traffic in the Kagithane region increased, this region has experienced physical and 

socio-economic impacts, particularly in the changes in existing land use functions, new construction, demolition 

and renewing of existing urban fabric , increase in real estate values and change in user profile in certain regions.  

In parallel with the analysis and evaluations carried out within the scope of the research, it was observed that the 

Dolmabahce region, one of the city's functionally (commercial, cultural) rich regions, carried its high integration 
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values to the Bomonti and Kagithane regions through tunnels. The integration values of the Kagithane region, 

which has a low average, have increased. It was determined that the increase in the integration values was 

concentrated on the Imrahor Street and its extension Cendere Street, where the tunnel connection was made, and 

has turned this axis into a integration core. It was determined that the points determined by the analysis of land 

function change and the new building construction detection analysis and the higher real estate value zones and 

populated areas overlap on this axis and its immediate surroundings. The overlapping area defines the Merkez 

neighborhood of Kagithane district with its main lines. 

This region, where new structuring is intense, rises with high investment value structures. The investor 

companies express on every platform and in their advertisements that they address a user group with B, B+ and 

A middle-upper income level. The high sales prices are the strongest indicator that such a user segment can come 

here. It was determined that a segment of people with low purchasing power profile predominantly live in 

Kagithane district in general. The new users of the new areas have been the CBD and university employees, 

business and commerce people in the surrounding area who want to live without leaving the city center, 

complaining about the higher costs, less insufficient infrastructure and low quality structures. 

The strong increase in the depth values of the core that emerged along the Kagithane stream and concentrated in 

the Merkez neighborhood was not only limited to this area, but also increased on the main arteries that climbed 

to the hills and increased the depth values of the regions in the crests where the integration values were weak. 

New developments have taken place in these fields with the driving force of core’s economic influence. In these 

regions, the new structures are done by constructing on the plots that are obtained by destructing the current 

texture in the current urban fabric method. The applications are made within the scope of city block and parcel 

scales. At the scale of the city block, the projects with high investment value are developed in the large areas 

obtained by integrating the parcels in the city block. In a sense, these buildings with high quality and high sale 

value and the user group with very different  socio-cultural and economic structure are injected into a social 

texture with a similar and balanced level of peace formed within the years. 

As a result, the tunnels have facilitated the traffic discharges from the densely populated areas, but have 

increased clutter in the same dense areas as the other opposite direction. The connection of the two regions by 

opening the tunnels has led to a radical change in the syntactic structure of the urban fabric. This change by the 

comprehensive axial map analysis was the strongest explanation of the qualitative change. Together with these 

two new syntactic bonds, two different physical and socio-economic interconnections were established, and the 

spatial alignment and hierarchical structure of the city was disrupted. Increased density with permeability 

provided by tunnels increased mobility and vitality. Vitality brought commercial development along with itself 

and the economic value of the less developed region increased and the physical developments were lived in 

parallel with the functional changes in non-residential areas. With the increase in physical quality, the quality of 

urban life in this regions has increased and the vitality has increased more and the cycle, which is named as 

multiplier effect by Hiller, has been realized. The reflection of these developments to the existing urban housing 

texture has been the rising of the new constructions through the texture in a random manner. Through these 

buildings that upset the balance, a problem has appeared from the reconcilliation situation of the new users’, who 

are injected to this social texture, with themselves and with the environment and the reconcilliation of the 

surrounding users with the new residents and it is thought that this will play an important role in the development 

of the region in the future.  
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