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Abstract 

The Istanbul metropolitan area is the largest office investment made in 
Turkey. According to the CBRE ERIX data, the total office stock in Istanbul by 
the end of 2018 exceeded 7 million sqm. There is approximately 1 million sqm 
of pipeline figures. 
 
The biggest problem for office projects which in the hold-on status and under 
construction status, Turkey's economy is rapidly affecting office rents and 
tenants of office the selection criteria. In particular, high financing costs and 
construction costs increase the importance of predicting the rent figures in 
office investments. 
 
This degree project aims at contributing to the understanding of the Istanbul 
rental office market underlying mechanisms. The office market data will be 
analyzed between Q1 2005-Q4 2018 period. Long-term equilibrium rents will 
be reached for the Istanbul office market and examined sub-markets. With the 
econometric analysis method, the long-term causality for rent with 
employment, stock and vacancy will be examined. Short-term estimates will 
be made with an error correction model. 
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Sammanfattning 

Istanbuls storstadsområde är den största kontorsinvesteringen i Turkiet. 
Enligt CBRE ERIX-data översteg det totala kontorslagret i Istanbul i slutet av 
2018 7 miljoner kvm. Det finns cirka 1 miljon kvm rörledningsfigurer. 
 
Det största problemet för kontorsprojekt som i fasthållningsstatus och under 
byggnadsstatus, påverkar Turkiets ekonomi snabbt kontoruthyrningar och 
hyresgäster i urvalskriterierna. Höga finansieringskostnader och 
byggkostnader ökar i synnerhet vikten av att förutsäga hyrestalterna i 
kontorsinvesteringar. 
 
Detta examensarbete syftar till att bidra till förståelsen av de underliggande 
mekanismerna för hyreskontor i Istanbul. Kontorsmarknadsdata analyseras 
mellan F1 2005-F4 2018 perioden. Långsiktiga jämviktshyror kommer att nås 
för Istanbul-kontorsmarknaden och undersökta delmarknader. Med den 
ekonometriska analysmetoden kommer den långsiktiga orsaken till uthyrning 
med sysselsättning, lager och ledighet att undersökas. Kortfristiga 
uppskattningar kommer att göras med en felkorrigeringsmodell.  
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1 Introduction  

Istanbul in northwestern Turkey, according to the Turkish Statistical Institute 
(TURKSTAT) data is Turkey's most populous city with the 15 million 
population in 2018. At the same time, according to the TURKSTAT data of 
2017, Istanbul takes 31.7% of the country's income and 56% of the foreign 
trade volume.  
 
Istanbul is mostly the first choice for the headquarters or central offices of 
domestic and foreign companies. According to the Turkey Union of Chambers 
and Commodity Exchanges' report established in Turkey in the first half of 
2018, the majority of foreign companies have chosen in Istanbul. When 
Turkey has examined employment data according to the TURKSTAT, at the 
end of 2018, a total of 31.8 million people employed in Turkey. Approximately 
20% of the employees are employed in Istanbul. 
 
The Istanbul metropolitan area is the largest office area in Turkey. According 
to the CBRE ERIX, CBRE's market information sharing system, the total office 
stock in Istanbul by the end of 2018 almost exceeded 7 million sqm. Also, 
there is approximately 1 million sqm of new office in the pipeline. 
 
Besides the private sector investments made to Istanbul, the Turkish 
government has made numerous investments to the market of Istanbul. In 
2007, The Government of Turkey announced that financial institutions 
headquarter in Ankara state-owned banks will move to Istanbul. In January 
2008, it was announced that there will be a financial center in Istanbul, with 
urban plans made by the Housing Development Administration. Istanbul 
International Finance Center Strategy and Action Plan was published in the 
Official Gazette in October 2009. Now, this project is almost at a hold-on 
situation, but it is the largest part of the future stock with an area of more than 
550,000 sqm. 
 
Istanbul stands out in terms of investments in Turkey. However, Turkey's 
numbers of international institutional investors are declining due to 
international policy and economic insecurity. According to the Emerging 
Trends in Real Estate Europe 2019 report, prepared by 
PricewaterhouseCoopers (PwC) and Urban Land Institute (ULI); Istanbul 
became the last of 31 cities. In the same report, Istanbul ranked first in 2012 
in terms of investment and development expectations in real estate. Istanbul, 
which was ranked seventh for European investors in 2016; due to terrorism, 
political tension and turbulence in the economy, it decreased to 29th in 2017 
and 31st in 2018. 
 
The biggest problem for office projects which are in the hold-on status and 
under construction status, Turkey's economy is rapidly affecting office rents 
and tenant’s office the selection criteria. In particular, high financing costs 
and construction costs increase the importance of predicting the rent figures 
in office investments.  
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1.1 Background 

Office market modelling has attracted a great deal of attention among 
researchers in the past years. The increasing research activity in the field is 
not surprising given the importance of rent on property values. Nonetheless, 
according to Rosen (1984), such data is generally not available or transparent 
in emerging market economies. 
 
Office properties become one of the important investment tools of the 
property market as well as of the economy of the country where all service 
sector activities are taken place. According to Pekdemir (2007), the Istanbul 
office market started to institutionalize in 1995. However, the arbitrary 
decision of landlords on the fixing of office rent may further affect negatively 
to the rental market. (Silva 2016) Real estate markets are periodically plagued 
by excess supply, rent concessions, and few transactions in the market 
(Hendershott 1994). During these periods, valuation and making correct 
decisions were problematic. 
 
Son and Kim (2000) stated that the estimation of office rent in developing 
countries is limited and challenging. Also, for Turkey, the office rental 
estimate literature is limited. Turkey has not been able to conduct these 
studies for several reasons. Difficulties in producing reliable time series, as 
well as difficulties in accessing market data such as rent, vacancy rate, and 
construction costs have come to the fore. Some brokerage firms in the recent 
past collected these data. However, bringing the data to the appropriate 
format is another target for rent estimation studies. Unfortunately, the only 
institutionalized office market in Turkey is the Istanbul office market, 
therefore, for other regions, it is impossible to create rental estimation studies. 
 
The first estimation of the office rental value study in Turkey was made by 
Pekdemir (2005). Pekdemir examined the parameters in the previous model 
studies and curbed by eliminating the parameters of the factor analysis 
method was not valid for both Turkey, both the Istanbul Metropolitan Area. 
Oven and Pekdemir (2006) argued that brokerage firms in Istanbul do not 
have many similarities compared with global research findings in their 
studies. Ozus (2009) investigated the factors which effect office rents using 
hedonic price analysis in Istanbul Office Market. The estimated rent research 
in Istanbul was limited to rent determinants researches. Rental adjustments 
researches could not be found for Turkey and Istanbul. 
 
Rent dynamics have been studied for many decades for foreign countries, 
beginning as early as the 1950s when Blank and Winnick (1953) developed a 
model of the relationship between rents and vacancy rates in the housing 
market. Rosen (1984) applied the model of rent adjustments to the office 
market. Rosen explored how the change in vacancy rates followed market 
rates to the new equilibrium level with the deterioration in the supply and 
demand equilibrium in the office market. Hekman (1985) proved that market 
rents react to the local economic conditions as well as the national economic 
conditions and he found a strong link between rents and vacancy rates. 
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Wheaton et al. (1997) have reached theoretical and empirical evidence that 
rental rates have declined when vacancy rates increased, and employment 
rates declined. Hendershott (1994) recognized that rental growth not driven 
just vacancy gap; instead gap between actual and equilibrium rent levels 
playing a critical role in the rental adjustment process. Also, Hendershott 
(1994) said that in equilibrium, gross rents were equal real financing costs, 
economic depreciation, and operating expenses, and the value was the equal 
replacement cost. Grenadier (1995) determined that the equilibrium level is 
defined not nationally but locally and that random shocks lead to local 
deviations. 
 
Hendershott et al. (2002) estimated the long-term equilibrium with the error 
correction model (ECM) and have predicted the short-term dynamic 
connections. Sivitanidou's (2002) reached that the process of reaching the 
equilibrium level of office rents is slow and that the rate of movement differs 
from market to market. Karakozova (2005) showed that there is a long-term 
relationship between demands for office rent and demand drivers. Englund et 
al. (2008), considered asymmetric responses to shocks in employment and 
supply. They found that positive shocks were found to have significant effects 
on rental values, but negative shocks had insignificant impacts. They also 
emphasized that the real estate market is slow to adapt to change. Because 
tenants are restricted due to long-term contracts. According to the literature, 
the types and lengths of lease contracts may also affect the speed at which a 
property type or even a region returns to equilibrium (Ibanez 2013).  
 
As far as the equilibrium and natural space are concerned, the equilibrium of 
supply and demand is concerned with the work of rent adjustments. 
Hendershott, McGregor, and White (2002) created a supply data using 
existing stock and construction data. Karakozova (2005), showed that the 
impact of supply-side drivers (new office building completion) has little 
impact on Helsinki office rents compared to demand-side drivers (GDP, office 
sector employment, etc.). Hendershott et al. (2010) made a long run structural 
model linking real rental levels, office-based employment, the supply of office 
space is estimated, and then rental adjustment processes are modelled using 
an ECM framework. Adams and Füss (2012) found evidence that the increase 
in office supply led to a decline in rents over the long term. Ibanez et al. (2013) 
stated that there was significant heterogeneity in the long and short-term 
responses to changing demand and supply conditions and conducted an 
empirical study to explain this and used the ECM. The impact of occupied 
supply is consistently negative in the long run, though not always significant, 
and insignificant in the short run (Ibanez 2013). Brounen and Jennen (2009a) 
found a negative impact in the long run and a positive impact in the short run 
for a panel rent index. 
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1.2 Problem 

 
The study of office rents shows that although there are extensive studies on 
the factors affecting office rents in developed countries, it is mostly neglected 
in emerging markets (Oven, Pekdemir 2006) Although the lack of data set is a 
fundamental problem in these studies, it is very important in terms of real 
estate and urban development to determine the effective and profitable 
allocation of land use. (Ozus 2009) 
 
According to the CBRE ERIX Data, the total office stock in Istanbul, which 
was 6,896,000 sqm at the end of 2018, had a vacancy of 24.5%. In addition, 
970,000 sqm of office space, which is under construction or pending 
construction, is expected to be included in the stock due to the decision of the 
Financial Center. In addition, major urban transformation projects are carried 
out in Istanbul and large-scale office projects are included in these projects. In 
this period, when the cost of financing is greatly increased and as of October 
2018, 172 construction companies from different scales are declared concordat 
(arrangement of bankruptcy composition). Because the construction costs and 
the dollar equivalents of rent returns are quite different from the period in 
which these firms decided to invest. 
 
In the current office market, it is important to foresee the future for investors' 
office market. This is not just a problem for Turkey. Office markets are 
exposed to high fluctuations in rent and vacancy levels therefore real estate 
investors are exposed to serious risks in future revenue streams. (Fuerst 
2008)  

1.3 Purpose of the thesis 

 
According to the discounted cash flow model, the price of a property is derived 
from future cash flows consequently rental payment is an important 
ingredient for determining the value and profitability of an investment. 
Understanding rental payments and improved forecasting are vital for 
property investors. (Füss et al. 2012) 
 
Office buildings are marketed with asking rents above market rents in order 
not to decrease sales prices, making this type of building difficult to complete. 
Now, too late for offices that have already financed with false projections. 
However, finding equilibrium rent is important for future office projects. 
 
The purpose of this study is to evaluate the equilibrium-based rental 
adjustment equation from the rent estimation in the office in the literature. 
The aim of this study is instead to investigate the long-term equilibrium of 
office rent for the chosen submarkets. Then, with the econometric analysis 
method, estimate the long-term causality for rent by examining employment, 
stock, and vacancy. Short-term estimates will be made with ECM. 
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2 Literature review  

For the commercial real estate development process and/or just market value 
of the office property, the variability of the rent, which plays an essential role 
in determining the price and the rents of such property, is an important 
source of risk for real estate investors. Therefore, this study focuses on 
analyzing the rental adjustments of office markets. In the literature review, the 
rent estimation studies were searched, and the rent adjustment studies were 
examined in detail. 

2.1 Office rent estimation studies 

Office rent estimation studies go into for literature with two ways. The first 
way is to investigate the determinants of rent. The rent determinant studies 
are generally involved building difference of buildings and buildings locations. 
Also, rent determinants studies examined rent behaviour in clearly defined 
geographical areas. Both USA and UK studies have used similar variables to 
influence office rents historically (Ozus, 2009). The second way is the rental 
adjustment studies. Rental adjustment studies based on the supply and 
demand equilibrium and examining the office market in a certain period.  
 
The first examples of rent determinant studies, which were introduced in the 
early 1980s, were carried out using hedonic regression and taking the rent as a 
dependent variable. Studies were carried out by covering a period or a short-
term period and sampling as many office buildings as possible. The studies 
have primarily taken into consideration the building characteristics and 
location of the building, then the employee characteristics and tenant 
company features have been added to the works. 
 
Slade (2000), using the data containing 483 office buildings in the Phoenix 
Metropolitan Area, determined the factors affecting office rents. He examined 
the changes in the effects of these factors in different market cycle periods. 
Slade has observed 3 different market cycles in this study with a 6 years 
period. These market cycles arising from the nature of the market have been 
tried to be defined by the rent index created using hedonic regression. The 
results obtained by Slade showed that market participants evaluated the 
factors affecting the value of the market in different periods of decline, 
recession and recovery. 
 
Son and Kim (2000) stated that the estimation of office rent in developing 
countries is limited and challenging. The difficulties encountered in making 
these studies in Korea, especially in producing reliable time series, as well as 
the difficulties in reaching market data such as rent, vacancy rate and 
construction costs, have been observed by some real estate consulting firms in 
the recent past to collect these data; on the other hand, it is stated that it is not 
kept in appropriate format for analysis. They determined office rent factors in 
3 main office areas, including CBD. The findings of the Son and Kim's study 
proved that rents vary by region. As they approach the metro, main roads and 
main facilities, rents tended to increase. The floor area and the floor area 
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coefficient of the building were positively correlated with the rent and 
statistically significant. The fact that the building’s age was ineffective because 
many old buildings are better known than new ones. 
 
The first estimation of the office rental value study in Turkey was made by 
Pekdemir (2005). Pekdemir examined the parameters in the previous model 
studies and curbed by eliminating the parameters of the factor analysis 
method is not valid for both Turkey, both the Istanbul Metropolitan Area. 
Some of Pekdemir's results are in parallel with the world literature. However, 
in the results of the study; office stock and unemployment rate, high-educated 
population ratio, as well as the GDP, interest rates, and services sector 
employment ratio was ineffective. The vacancy rate is the most effective 
parameter and this variable does not show a change depending on the regional 
character.  
 
Oven and Pekdemir (2006) examined the effects of various office leasing 
determinants between the opinions of the brokerage firms in Istanbul and the 
results of previous research from other major cities in the world. As a result, it 
is argued that brokerage firms do not have many similarities with global 
research findings in their studies. However, since the institutionalization of 
the real estate sector in Istanbul in 1995, healthy growth in the office market 
in Istanbul is one of the results of the study. In this study, all inferences about 
the Istanbul office market were based on the opinions of brokerage firms. 
Variable rent changes are explained especially by location and building 
variables. It is observed that the effect of econometric and contract variables is 
less than the effect of spatial differences. 
 
Ozus (2009) investigated the factors which effect office rents using hedonic 
price analysis in the Istanbul Office Market. As a result, the number of floors 
of the buildings is the most important factor to affect office rents. Other 
factors according to their importance are as follows: vacancy rate in the sub-
market, social facilities in the buildings, the aesthetics of the buildings, 
rentable office floor, banks in the sub-market, and accessibility. On the other 
side, management cost, age, view and distances to the old CBD and the major 
highways are not found significant since these sub-markets are already located 
on major highways. 
 
Silva (2016) analyzed the determinants of the rent and used the hedonic price 
model with A, B, C class office buildings in Colombo 03. The author conducted 
several discussions with different company owners and managers to collect 
qualitative data. The study showed that facilities of the building have a 
significant impact on the rent herewith physical characters and legal 
perspectives have a considerable impact on the rent. 
 
Le et al. (2018) studied with the hedonic model and rent determinants in the 
CBD of the city of Ho Chi Minh in Vietnam. Their studies have shown that the 
building class, the management fee, the road where the building is located, 
and the district where it is located have a significant effect on the rent. 
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Costa et al. (2018) have investigated rent determinants that are effective in the 
willingness of the tenants included in the corporate and non-corporate sectors 
to pay rent. They used properties from a large office market in Latin America 
as samples. Their work has had a huge impact on the market, where there is 
not much information. Their hedonistic regression results showed that the 
corporate office market has different characteristics. They demonstrated that 
key determinants of office price and rental valuation differ significantly 
between corporate and non-corporate segments. They also said that this 
distinction has more influence on the rent than the building's class. 
 
The list of variables used in the examined office rent determinants studies is 
given in table 1. 
 
T able 1: Variables used in previous office rent determinants studies 
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Slade 2000 1991- 1996     x  x            

Son and Kim 2000 1999 x    x  x      x    x  

Pekdemir 2006 1995     x  x    x    x  x  

Ozus 2009 2007 x    x      x  x  x    

Silva 2016 2013     x  x  x    x  x    

Le et al.  2018 2015   x      x    x      

Costa et al.  2018 2005-2014 x  x  x    x     

 
As explained in the chapter, rent determinant studies are more common in 
developing office markets. There are many examples of this study in US office 
markets, European office markets and office markets in developing countries. 
In the Istanbul market, which was institutionalized after 1995, rent 
determinants studies were conducted by Pekdemir (2005), Oven and 
Pekdemir (2006), and Ozus (2009). In the studies conducted by Pekdemir 
and Ozus, it was concluded that the vacancy variable and the building features 
were effective. In the study of Oven and Pekdemir, it was concluded that 
economic activity variables were not effective in rent. 
 
The common point of other studies is that they emphasize the importance of 
different office markets and different office building classes in determining 
the rent. In addition, the existence of studies that emphasize the different 
economic activity and the corporate of the tenant is also important in 
interpreting the results of the analysis. 



12 
 
 
 
 

2.2 Rent adjustment studies 

The studies carried out on this subject are trying to explain the process of 
adapting the rents in the market to the new conditions with the change in 
market conditions, not the reasons of the differentiation of the desired rent 
based on the unit.  The modelling of rent adjustment studies has been used in 
real estate market research since the 1950s and explains that the change in 
real rents is related to the deviation of the vacancy rate from the equilibrium 
rate or the natural vacancy rate. (Adams and Füss, 2010)  
 
The data that should be collected for these studies are long term and should be 
able to reflect the market. For this reason, the studies on rent adjustments in 
mature office markets are due to the fact that the necessary conditions for 
these studies can be provided in these countries. In developing countries, 
traditional business centers are replaced by new office centers whose history is 
not very old. With the professionalization process of the market actors, the 
records that the intermediary companies (brokers) have started to hold by 
setting their own standards only reach the time period that will reflect the 
market cycles. Due to reasons such as market prices that cannot be 
determined due to market immaturity and to determine rental prices 
independent of market conditions, it is challenging for researchers to do so in 
developing countries. The records held by brokers for Istanbul have only 
reached enough time to reflect market cycles. 
 
Rosen (1984) applied the model of rent adjustments to the office market. 
Rosen explored how the change in vacancy rates followed a market rate to the 
new equilibrium level with the deterioration in the supply and demand 
balance in the office market. This disequilibrium is defined as the deviation of 
the vacancy rate from the structural (natural) vacancy rate in the literature. 
Rosen used the office stock, the new office areas, the vacancy rate and the net 
rent, which are the main variables in the office supply and demand models. In 
measuring demand, Rosen has benefited from employment increases in 
finance, insurance and real estate sectors as the most important variable. With 
the regression analysis in the San Francisco office market, Rosen concluded in 
the 1961-1983 that the process of finding the new equilibrium of the market 
was moving from the vacancy rates to the rent due to changes in demand. 
 
Hekman (1985), using data from the 14 cities in the US between 1979 - 1983 
and the regression analysis on the estimation of the rent adjustments 
mechanism and the estimation of investment reactions in the office building 
market, proved that market rents react to the local economic conditions as 
well as the national economic conditions. The results of the model show that 
there is a strong link between rents and vacancy rates. Also, they found that 
new rent adjusted for vacancy rate and expected growth in the office market 
are positively related to new investments. 
 
Wheaton and Torto (1988) observed that rational owners have increased or 
decreased their rent at certain intervals according to the market vacancy rate 
and have tried to explain the process of the owners' behavior. They explained  
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that the change in the real rent by using the national scale effective rents in 
the period 1968-1986 is a function of the deviation of the nominal vacancy 
rate from the structural/natural vacancy rate. In addition, previous studies 
have obtained evidence that the rate of natural vacancy, which is considered to 
be stable, has changed over time. 
 
Hendershott (1994) has worked on a rent adjustment model for valuation for 
the overbuilt market. He used data from 1970 to 1992, consisting of data from 
office buildings in Sydney. At the end of the study, he stated that the 
difference between real and equilibrium rent is important for rental 
adjustment not only the vacancy rate. Therefore, the study includes both 
natural and equilibrium vacancy rates and differences between real and 
equilibrium rents. Also, the author said that in equilibrium, gross rents were 
equal real financing costs, economic depreciation, and operating expenses. 
And he added the value was the equal replacement cost which is important for 
valuation. 
 
Wheaton and Torto (1994) formed a national office rent index using a hedonic 
regression model with the data obtained from the lease contracts between 
1979 - 1991 in the 50 metropolitan areas in the USA. In this study, they 
included the absorption rate as well as the vacancy rate to the calculations. 
Wheaton and Torto used a new type of rent, which they defined as a 
consideration rent (a measure of rent between the net effective rent and the 
first-year lease contract rent). 
 
Grenadier (1995) studied the estimation of the factors underlying the vacancy 
rates of the office market. This study examined the data between 1960-1991 of 
the top 20 office markets of the USA. The research period includes two 
economic crises. Grenadier determined that the equilibrium level is defined 
not nationally but locally and that random shocks lead to local deviations. 
 
Sivitanides (1997) treats the natural vacancy rate as a function of the vector of 
variables. In the natural vacancy rate estimation, office space absorption, 
growth in office employment, amount of completed office construction and 
change in vacancy rate were used. The study was carried out between 1980 - 
1988 in 24 metropolitan regions in the United States. The dependent variable 
used in the rent adjustment equations is the 6-months real changes of the rent 
indices developed within the time series with hedonic analysis for each city. 
The database includes variables such as leased area, achieved rent, floor area 
etc. As a result, it was observed that the variable that most affected the change 
of natural/structural vacancy rate is not always the same. 
 
Wheaton et al. (1997) made the study of the greater London office market 
rental estimation and forecast. They used the structural economic 
methodology in their study. The study data covered the 1970 - 1995 periods. 
As a variable, they took account of net area absorption, rent changes and new 
building orders. They also examined the demand for office space, new supply 
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and rental movements to explain the market. They showed that the increase in 
office workers in the London economy was also effective in rents. 
 
Hendershott, McGregor and White (2002) have developed a rental model for 
offices and retail properties in the UK. With the panel data method in 11 
regions, the short-term data could be examined in a 29-year period. They have 
estimated the long-term equilibrium with the ECM and have predicted the 
short-term dynamic connections. The combination of panel data and ECM 
was an innovative method during the study. They have created supply data 
using existing stock and construction data. They found for London, demand 
elasticity for space with respect to both price (rent) and income are much 
lower in magnitude. They concluded that, while the economic drivers may 
vary, there is no evidence of differences in the operation of the regional 
property markets outside London. 
 
Sivitanidou's (2002) study in the metropolitan office markets in the USA 
between 1986 - 1995 aimed to empirically formulate the adjustment of office 
rents according to equilibrium levels, to define the equilibrium rent level and 
to explain the factors affecting the rent. The study indicate d that equilibrium 
rents between different markets because of the differentiation of the factors 
affecting office employment such as size, diversity, attractiveness, spatial 
organization, growth rates and fluctuations between markets. Another result 
of Sivitanidou was that the process of reaching the equilibrium level of office 
rents is slow and that the rate of movement differs from market to market. 
The reason why metropolitan areas differ in terms of rent adjustment rates is 
the changes in sectoral variations that cause cities to respond locally to local 
shocks and/or national macroeconomic cycles. 
 
Karakozova (2005), in the case of Helsinki, used the data from 1971-2001 to 
examine the short-term and long-term rent movements in the CBD. A reduced 
demand-supply approach is used to model the real office rents. The author 
explores three econometric methods to find the relationship between rents 
and their determinants: a regression model, an ECM, and an autoregressive 
moving average model (ARIMAX). The results show that the impact of supply-
side drivers (new office building completion) has little impact on Helsinki 
office rents compared to demand-side drivers (GDP, office sector 
employment, etc.). Moreover, the study also shows that there is a long-term 
relationship between demand for office rents and demand drivers. 
 
Englund et al. (2008), studied adjustment in the office market using data 
from 1977-2002 in the Stockholm office market by using standard hedonic 
methods. In their study, the authors also examined “hidden vacancies” 
meaning the difference between space occupancy and demand at current 
office rent. They simulated the response of rent and vacancies (open and 
hidden) to an employment shock. In addition to the literature, the authors 
found that long-term contracts play an important role in office rents in 
Stockholm. Their work emphasized that the real estate market is slow to adapt 
to change. Because tenants are restricted due to long-term contracts. 
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Hendershott et al. (2010) extended London office rent adjustment literature 
by considering a longer time series of data, covering two full cycles, and by 
explicitly modelling asymmetric space market responses with employment 
and supply shocks. A long run structural model linking real rental levels, 
office-based employment and the supply of office space is estimated, and then 
rental adjustment processes are modelled using an ECM framework. Rental 
adjustments were seen to be asymmetric, depending on both the direction of 
the supply and demand shocks and on the state of the space market at the 
time of the shock. In their study, the vacancy adjustment did not display 
statistically significant asymmetries. There was also a supply adjustment 
equation. They showed, rent and vacancy always move oppositely and then 
oscillate back to a new equilibrium. They found that symmetric adjustment: 
results of positive and negative shocks were near mirror images of each other. 
 
Adams and Füss (2012) investigated the rental adjustment process in the 
German office markets using panel data covering 30 urban areas for 17 years. 
They also used ECM to enable them to overcome the data limitation, 
particularly existent for most European real estate markets. Their first target 
was demonstrating how “occupied stock” should be interpreted correctly and 
their second target was providing useful insights into the long-term 
relationships and short-run dynamics of real office prime rents. They proved 
that the increase in office employment led to an increase in office rents. They 
also found evidence that the increase in office supply led to a decline in rents 
over the long term. Their results from the ECM showed that deviations from 
the long-run equilibrium lead to an adjustment process that restores 
equilibrium within approximately 3 years. 
 
Füss et al. (2012) they made regime-switching models for adjustment analysis 
for the commercial market. They used quarterly rental data for the U.K. The 
data were composed of indices for the industrial, office and retail rental 
markets over the time from 1972Q4 to 2008Q4. Also, their data cover two full 
real estate cycles. They didn't use the vacancy rate in this study. One of the 
results of their study was that rental rate adjustment can differ perceptively 
across sectors. They found that the industry and retail sectors show different 
adjustment behaviour during times of strong excess demand. The office sector 
responds differently during rapidly falling rental rates, that is, during periods 
of strong excess supply. Also, for the office sector, they observed that rental 
rates react less to demand shocks during periods of strong excess supply than 
during “normal” times. 
 
White and Ke (2013) examined rental dynamics in the Puxi and Pudong 
submarkets in Shanghai. They considered relations between markets and 
found no relationship between them. The data used in this study was quarterly 
and covers the period from 1994 Q4 until 2010 Q4. They included the study, 
stock, vacancy rate, FDI, and GDP as a variable for adjustment of rent.  They 
also used ECM for the estimation study in the Puxi sub-market.  
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Ibanez et al. (2013) reviewed the market rental rate for the area offered by 
commercial property and how this rental rate has improved over time. They 
surveyed commercial property rental dynamics between 1990 and 2009 for 34 
major metropolitan areas in the US. They stated that there was significant 
heterogeneity in the long and short-term responses to changing demand and 
supply conditions and conducted an empirical study to explain this and used 
the ECM. They found the office market is the slowest to return to equilibrium, 
while industrial and flexible markets are adapting rapidly to equilibrium in 
the long run. For industrial and office types, the setting speed is substantially 
faster in quality segments and highest for Class A specifications. 
 
Kiehelä and Falkenbach (2014) tried to respond to that lack of research by 
examining office rent determination in the Helsinki CBD in reduced form 
single equation context. They defined the scope of the study to cover office 
rents in Helsinki CBD from 1986 to 2009. They discovered that changes in 
central Helsinki office rents are subject to variations in new office completions 
and changes in the added value of the services sector. Also, they made and 
tested the sample forecast over 2007 - 2009. 
 
Udoekanem et al. (2015) examined the office rents drivers in submarkets of 
Abuja, Nigeria. They used office rental levels and office space data in the study 
areas for the period 2001 - 2012 and survey results which made with real 
estate companies and valuation firms were utilized for the study. Also, they 
added macroeconomic variables in Nigeria. They used a single equation 
regression analysis. They reached that real GDP growth and vacancy rate are 
the major determinants of rental growth in the office property market in 
Abuja.  
 
Simon et.al. (2015) examined the macroeconomic factors that affect the rental 
rates and selling prices of office space empirically. They used quarterly time 
series which are used for the period of 1996 Q1 to 2012 Q4in Jakarta. They 
also used quantitative methods in the form of a Vector Error Correction Model 
(VECM). The results showed that there is a long-term relationship between 
macroeconomic variables with the rental rate and selling prices of office space. 
In addition, the rental rate is predominantly influenced by the service sector 
employment, the selling price, exchange rate, inflation, interest rates and 
economic growth. 
 
Chau and Wong (2015) investigated how information asymmetry affects the 
rent and vacancy rate adjusts in response to external shocks. They used 
empirical data from the Hong Kong office market in 1992 - 2013 period. They 
showed that information asymmetry about the quality of real estate asset will 
lead to slower rent adjustments in response to external shocks. They also 
showed that compared to a low-end office unit, information asymmetry is less 
serious for a high-end office unit. Since a larger proportion of its rental value 
is derived from its location attributes which are easily observable by both the 
landlord and prospective tenants. The other result was that high-end office 
rents adjust faster when there is a short-term disequilibrium and that the 
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vacancy rates of high-end offices are less responsive to external shocks 
assuming that the natural vacancy rates are relatively stable over time. 
 
Marcato and Tong (2016) focused on the response to demand changes by 
presenting a new model for the estimation of office supply elasticity in 
commercial real estate markets. They determined the long-run equilibrium 
and matching process from short-run disequilibrium to estimate elasticity and 
the structural vacancy rate in 42 Metropolitan Areas in the US. Also, they used 
an ECM in their study. They found that a positive correlation between 
estimated supply elasticity and structural vacancy implies that the low 
controlling power of landlords reduces the flexibility in adjusting equilibrium 
vacancies to respond to market shocks. According to this study, supply 
elasticity is likely to be explained by geographical and regulatory constraints. 
 
The list of variables used in the examined office rent estimation studies is 
given in table 2. 
 
T able 2: Variables used in previous office rent estimation studies 

 

A
u

th
o

r(
s)

  

P
u

b
li

sh
 Y

ea
r 

S
tu

d
y 

T
er

m
 

Supply  Demand 

O
ff

ic
e 

S
to

ck
 

N
ew

 C
o

m
p

l.
  S

to
ck

 

P
ip

el
in

e 

V
a

ca
n

cy
 R

a
te

 

N
a

tu
ra

l V
a

ca
n

cy
 

C
o

n
st

ru
ct

io
n

 C
o

st
 

G
D

P
 a

n
d

/o
r 

F
D

I 

In
te

re
st

 R
a

te
s 

E
m

p
lo

ym
en

t 
 

In
fl

a
ti

o
n

 

Rosen  1984 1961-1983 x      x  x  x    x    x  

Hekman 1985 1979-1983       x      x    x    

Wheaton and Torto 1988 1968-1986       x  x            

Hendershott 1994 1970-1992       x  x      x      

Siv itanides 1997 1980-1988 x  x    x  x        x    

Wheaton et al.  1997 1970-1995 x  x    x          x    

Hendershott et al. 2002   x  x    x          x    

Siv itanidou 2002 1986-1995   x          x    x    

Karakozova 2005 1971-2001   x          x    x    

Englund et al. 2008 1977-2002 x  x    x  x        x    

Hendershott et al.  2010 1978-2006 x  x    x          x  x  

Adams and Füss  2012 1991-2007 x      x          x    

White and Ke  2013 1994-2010 x      x      x  x  x    

Ibanez et al.  2013 1990-2009 x      x          x    

Kiehelä and Falkenbach  2014 1886-2009 x  x  x  x      x    x    

Simon et al.  2015 1996-2012       x      x  x  x  x  

Chau and Wong 2015 1992-2013 x      x          x    
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2.3 Equilibrium rent and error correction model  

 
A simple equilibrium equation (1) must be constituted before a complex error 
correction model is constituted. Then, a step-by-step error correction model 
can be established by applying to the literature.  
 
RENT = f [D (+), S (–)]                   (1) 
 
According to Wheaton et al. (1997) related the rent change to the percentage 
and the rate of absorption to occupied stock. Additionally, usually, rental 
change is written as a perform of the distinction between the equilibrium 
vacancy rate and the actual vacancy rate.  
 
(Rt − Rt −1) / Rt −1 =  (v * − v t −1)       (2) 

 
In this equity; R is rent, v is the vacancy rate, v * is the equilibrium vacancy 
rate, and λ is the adjustment parameter. Moreover, Hendershott (1995, 1996) 
developed the following model to include deviations from equilibrium rent. 
 
(Rt − Rt −1) / (Rt −1) =  (v * − v t −1) +  (Rt * − Rt −1)    (3) 

 

Where R* is equilibrium rent, and the adjustment parameters are λ and β.  
 
Hendershott et al. (2002) thought demand can explain with rent and 
economic activity, creating below written equation. 
 

D = 0R
1 EA2         (4) 

 
λ1 denotes the price elasticity and is predicted to be negative. λ2, the income 
elasticity, in contrary to the price is, therefore, ought to be positive. By 
definition, in equilibrium, the demand in the market is up to the occupied 
stock. Moreover, Hendershott et al. (2002) use the model presented below to 
present the long-term relationship, following the (4). Due to a lack of data 
concerning vacancy in the UK, they decide to embed the impact of a vacancy 
in the error term. 
 
ln R = − 

0 
+ 

1
 ln EA +  

2 
ln S + err      (5) 

 

The exciting office market models did not include the v. Englund et al. (2008)  
made following equilibrium model by adding the equilibrium vacancy rate, 
denoted as v*, to the model.  
 
ln R* = γS [ln (1- v *) - 0] + γE ln E + γ S ln S     (6) 
 
When λR= 1/γ S and λE= −γE/γ S if the elasticity of demand with respect to 

employment is unity (γ S =−γE and λE = 1); the real rent is related to the unit 
employment.  
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After finding the equilibrium rent, the ECM has been adopted to understand the long-term relationship and to reach the relations 
for a short period. Below there is a summary of the ECM studies conducted for the purpose of estimating office rent in the literature 
(see table 3). The following summary is provided to ease clarification. It should be noted that these will not be exactly the same in 
the articles. 
 
T able 3: ECM model summary for investigated articles 

 
Note: Bruneau and Cherfouh (2015) article was used for simplified formulas in the table. 
Note 2: R* for equilibrium rent, v  for vacancy rate, v* for natural vacancy rate, v ’ for fitted vacancy rate, EA for economic activity, S for the supply  of stock and 

ε for the error term. 
 

The error correction mechanism for the Istanbul office market will be tested with the following model. 
lnR* = γ 0 + γ 1 ln EAt + γ 2 ln stct + γ 3 ln vt + εt            (7) 
 

Author(s) 

Publish 

Y ear Study  Term Error Correction Model Formula

Mouzakis & Richards 2007 1980-2001 ln R* = γ0 + γ1 ln EAt  + γ2 ln St  - v +  ε  t

Englund et al. 2008 197 7 -2002 ln R* = γ0 [ln (1- v  *) - 0] + γ1 ln EAt  - γ2 ln St  +  ε t

Brounen and Jennen 2009 1990-2006 ln R* = γ 0  + γ 1 ln EA t  +  γ 2 ln  [(1- v’)  x ln S t] +  ε t

Hendershott et al. 2010 197 7 -2006 ln R* = γ0 [ln (1- v  *) - 0] + γ1 ln EAt  - γ2 ln St  +  ε t

McCartney 2012 197 8-2010 ln R* = γ0 + γ1 ln EAt  - γ2 ln St  +  ε t

Adams & Fuss 2012 1991-2007 ln R* = γ0 [ln (1- v  *) - 0] + γ1 ln EAt  - γ2 ln St  +  ε t

Ke & White 2015 1995-2007 ln R* = γ 0  + γ 1 ln EA t  +  γ 2 ln  S t  +  γ3 ln (1- v t) +  ε t

Bruneau & Cherfouh 2015 1990-2013 ln R* = γ 0  + γ 1 ln EA t  +  γ 2 ln  S t  +  γ 3 DUM t0 +  γ 4 ln EA t x DUM t0 +  γ 5 ln  S t  x  DUM t0 + εt
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3 Methodology 

Hendershott et al. (2002b) observed that the previous literature brought the 
real estate market to the model by a supply-demand equation defined as 
European style or equilibrium-based rental adjustment equation defined as 
US style. Both these approaches and styles combine an ECM that considers 
the dynamics and real-time trends of real estate markets. Starting from long-
term equilibrium relations, the error term can be used as the proxy for the 
disequilibrium. This proxy considers how far the market is from equilibrium.  
 
Equilibrium-based rental adjustment equation model of Istanbul office rents 
is specified as a function of one demand (D) and two supply (S) side variables. 
(see Table 4)  
 
T able 4: Demand and supply-side variables in the model 

Variable  Abbreviation 
Demand 
/ Supply 

Expected 
sign 

Geographical 
coverage 

Source 

Bank employees emp D + Turkey TBB 
            
Office stock stc S - sub-market CBRE 
Office vacancy v S - sub-market CBRE 
 
Note: emp for  the number of bank employ ees in  Turkey , stc for stock numbers included A and B class 
building  in  each examined sub-market.  They  are av ailable in the study  for  all sub -markets but  not 
separately  for building  cla ss; v  for  v acancy  rate.  Vacancy  rates were calculated fr om gross leasable areas 
in  ERIX da ta. They are available in the study for a ll sub-market separately for building class. 

 
Generally, demand-side variables are expected to have a positive effect on rent 
in contrast to the inverse relationship between supply-side variables and rent. 
(Kiehelä and Falkenbach 2014) In the study, demand increases are expected 
to positively affect rent while supply increases are expected to have a negative 
impact on the rent. So far, there has been no contrary result from these 
expectations in the literature. According to these expectations, the simple 
model formula is as follows. 
RENT = f [D (+), S (–)]                   (1) 
 
The methodological steps for the analysis of the behavior of variables are 
described below. 

1. Initially, the time series are tested in relation to stationarity aiming to 
verify the presence of unit roots through the Augmented Dickey-Fuller 
(ADF) test. 

2. With the unit root test, it is determined that the variables are integrated 
in the first order I (1). In the second stage, the Johansen approach, 
which is one of the two methods used to reveal the long-term 
relationship between the variables in the literature, is used. 

3. If the variables are cointegrated, a relationship called ECM based on 
the remnants of the equilibrium (or long term) equation is estimated. 

4. And finally, an error correction mechanism can be created by using the 
delayed value of the residue for a short-term model.  
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4 Istanbul office market  

Turkey, which is an extension in the Balkans, but it is a large part of Anatolia 
in the country. It borders Bulgaria to the northwest, Greece to the west, 
Georgia to the northeast, Armenia and Iran to the east and Iraq and Syria to 
the southeast. A peninsula in the north of the country is the Black Sea, the 
Aegean Sea in the west and the Mediterranean Sea. Turkey and Istanbul to the 
Asian and European continents are separated by the Sea of Marmara. Istanbul 
is the city where two different continents unite in Turkey. (see Figure1) 
 
Figure 1: Istanbul in Turkey 

 
 
According to the Turkish Statistical Institute (TURKSTAT) data; Istanbul is 
Turkey's most populous city with the 15 million population in 2018. Istanbul is 
Turkey's trade, services, and finance center. TR and IST GDP figures were 
analyzed during the study period, and according to data from the TURKSTAT; 
Istanbul takes a yearly average of 30.8% of Turkey`s GDP. 
 
The variables used to measure economic activity in the inspected office rent 
studies according to the literature, even if not used in the model has been used 
to describe the Turkey economy and hence the Istanbul economy. This 
chapter first will explain Turkey economy after Istanbul office market. 

4.1 Economy of Turkey 

Turkey has experienced a major recession in the crisis period in 2001. 
According to Ozturk and Govdere (2010) Turkey, after 2002, with the 
implementation of public finance policies, aimed at reducing the ratio of debt 
stock to national income. Turkey has managed to establish with these 
applications to increase the effectiveness of monetary policy and a strong 
banking system. However, when the real GDP figures in 2008 and 2009 are 
analysed, (see figure 3) the effects of the global financial crisis on the Turkey 
economy can be observed. The thesis study has started after the banking 
reform and starting in the pre-2008 crisis period. 
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Figure 2: Turkey GDP - income approach (millions, TRY) 

 
Sou rce:  TURKSTAT  
Note: GDP for  a  gross domestic product from an income approach in Turkey  

 
As can be seen in figure 2, the income approach with TRY currency, GDP 
continued to increase over the years. When GDP data was adjusted for 
inflation to arrive at real GDP, the situation changes.  
 
Figure 3: Annual rate of change Real GDP and IMF forecast 

 
Sou rce: IMF Da ta Ma pper Note: Real value is a n ominal value adjusted for inflation. 

 
According to IMF, Turkeys economy expanded by 2.6 percent in 2018. It is 
expected by IMF that the economic growth will be decreased -2.5% in 2019 
and will increase in the levels of 3.5% in 2023 which is the 100th  anniversary 
of the establishment of the Turkish Republic (See Figure 3). 
 
Figure 4: Unemployment rate (%) 

 

 
 
Sou rce:  TURKSTAT  
Note: Unemploy ment rate data for Turkey and published quarterly  
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According to Oxford Economics, consumers and businesses in Turkey 
continue to face the unemployment rate. According to the latest published 
TURKSTAT data, the unemployment rate was 12.3% (see Figure 4) at the end 
of the Q4 2018. The unpredictable unemployment rate is an important risk for 
the country and, therefore, the office market. 
 
Figure 5: Inflation rate of change 

 
Sou rce: TURKSTAT 
Note: Annually In flation rate data for Turkey and published quarterly  

 
Inflation rose to 25.24% in 2018 and closed the year at 20.3% (Figure 5). This 
increased costs for companies and consumers in each input.  It is observed 
that inflation has a great effect on the cash flow analysis of office rents 
revenues also other revenues. The real rents were used in the study and this 
also will show that the impact of inflation. 
 
Figure 6: Central Bank interest rate  

 

 
 
Sou rce: CBRT Archives 
Note: The In terest rate is taken from state borrowed figure 

 
CBRT´s decisions for the increase in interest rates in order to support 
investment in Turkish lira also affect inflation. In the construction sector, 
which is most affected by the crisis, debt is made by foreign exchange. While 
the investors are affected by the exchange rate increases, also interest rates 
make it difficult to borrow loans with Turkish lira. As can be seen in Figure 6, 
interest rates reached in 2018 the highest figures in the study period.  
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4.2 Istanbul office market 

According to GYODER Report (2019), economic factors show a slowly impact 
in the Istanbul office market. The main reason that the companies have a large 
working area in Istanbul have their own office buildings. This also affects 
office demand in the Istanbul market. In the same report: The companies that 
will have an impact on occupancy rates in Class A and B office buildings are 
expected to be companies with more than 100 employees. However, the 
number of companies of this size is limited in Istanbul. Therefore, considering 
the demand for offices for Class A and Class B, companies that are established 
with foreign capital, not all companies, are considered. 
 
According to the Economic Policy Research Foundation of Turkey (TEPAV),  
in Turkey, 120,390 companies were established in the year 2018. In 2018, 
8,221 foreign capital companies were established in Istanbul. Based on the 
number of companies established, İstanbul received 16.4% of the total 
investment. In terms of capital, however, it was the city that received the most 
investment.  
 
Investments in the service sector are considered to examine foreign 
investments that have an impact on office demand. Although the sector that 
receives the most foreign investment in the sector of wholesale trade, the 
service sector which is examined separately is also one of the most invested 
sectors. However, looking at figure 7, the investment in the service sector was 
at its lowest level in the years examined. 
 
Figure 7: FDI in the service sector (million USD) 

 

 
Sou rce: CBRT Archives  
Note: FDI for  for eign direct investment in the service sector in Turkey  
 

Istanbul's economic potential transforms its physical space. According to 
Erbas (2018), the process of change in the CBD and sub-markets in Istanbul 
operates with the effect of two basic factors; (1) the penetration of the Istanbul 
industry into the decentralization process, (2) the growth and concentration of 
service areas. According to Arslanli (2016), Istanbul office areas have been 
growing towards the north of the city since 1970, with the support of the 
Bosporus bridges and roads, parallel to the development of the commercial 
potential of the city.  
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In brief, industrial areas are transporting out of the metropolitan area. 
Logistics companies have chosen the location on the east and west ends of 
Istanbul. The areas in the north have been opened to new residential areas 
due to the large impact high-scale transportation investments. Also, growth 
into the expansion areas of the east and the west are continuing. 
Circumstances of junction points where accessibility is high are developed as 
prestigious business centers.  
 
With the above factors, after the 2000s, the traditional business center in the 
Historic Peninsula and its surroundings was replaced by the modern CBD. 
Again, with the same factor, the office areas of Istanbul, which were seen in 
figure 8, were formed. 
 
Figure 8: Istanbul Office Areas 

 
Sou rce: CBRE Turkey Office Ma p is updated and used in the study  
 

There are 8 main office areas and 20 other office areas in Istanbul. Maslak, 
Levent, Zincirlikuyu-Esentepe-Gayrettepe areas constitute the CBD. The main 
office areas outside the CBD are distributed on the Asian side. These are 
Altunizade, Umraniye, Kozyatagi, and Kavacik. Part of the other office areas 
are the new sub-markets, but the other parts are old as much as the main 
areas. They are scattered on both sides. Kagithane, Beyoglu, Besiktas, Sisli, 
Merter, and Basin Ekspres are located in the European Side and Istanbul 
Financial Center, Bostanci, Kucukyali, Maltepe, Kartal, and Pendik in the 
Asian Side. 
 

The main office areas have more stock than other office areas. However, even 
though they were formed later, the new office sub-markets had high stock 
figures due to rapid expansion. The largest pipeline is in Istanbul Financial 
Center in Umreniye with more than 550,000 sqm of the construction area. 
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Umraniye is followed by Levent with 150,000 sqm pipeline. The distribution 
of the stock and future stock can be seen in figure 9.  
 
Figure 9: Existing and pipeline stock in Istanbul 

 
Sou rce: CBRE Turkey Office Ma p is updated and used in the study 
 

According to the data of CBRE ERIX, the total office stock in Istanbul at the 
end of 2018 is 6,896,000 sqm for Class A and Class B. The pipeline figure is 
approximately 970,000 sqm. Without being included in these pipeline figures, 
according to CBRE ERIX data, the vacancy rate for the office market for 
Istanbul is approximately 25%, which requires consideration of the supply and 
demand balance. According to Tutenk and Baz (2018) when the office 
investments are evaluated, supply-demand imbalances cause unhealthy stock 
and/or price movements in certain markets. Considering the recent increase 
in high-rent projects, negative stock, and price movements are likely to risk 
factors of significant in the medium term. 
 
Another issue that should be taken into consideration when looking at the 
Istanbul office market is the rent agreements made with foreign exchange 
especially with the currency of USD. Investors who develop their projects by 
borrowing money with USD; expect payment from their tenants with the USD. 
Companies, which make their feasibility studies in the USD, make their 
agreements with the same currency, even with the companies which earn in 
TRY. Especially in the main office areas, the demand for rent using the USD is 
more intense. Therefore, rent data held in the Istanbul office with the USD 
were recorded until the end of 2018. Market rents can be determined in the 
USD in many submarkets. The currency rate of the USD can be seen in figure 
10. What can be seen is that the rate has had great effects on these sub-
markets. 
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Figure 10: Currency rate (1USD/1 TRY) 

 
Sou rce: CBRT Archives  
Note: currency rate for Average currency rate in the quarter (1 USD/1TRY)) 

 
Levent is the most prestigious office area in the Istanbul office market. 
Surrounding social reinforcements, alternative transportation connections, 
presence on the CBD axis, and the richness of the design of the buildings, 
make it a more advantageous office area than others. For this reason, Levent A 
class office rents can be called prime rents of the city market. For rent data 
belonging to Levent A Class office buildings comparison can be observed in 
figure 11. 
 
Figure 11: Comparison of USD rent - TRY rent and real TRY rent 

 
Sou rce: CBRE ERIX  Note: Real value is nominal value adjusted for inflation. 
 
When looking at the asking rents in the Turkish lira, it is seen that there is a 
series in the tendency to increase. However, the figures are stable when they 
are free of inflation. On a USD basis, it follows a downward trend. The 
amendments to the Decree No. 32 Regarding the Protection of the Value of the 
Turkish Currency ("Decree No. 32") published in the Official Gazette on 
September 13, 2018.  With this decree, real estate sales and leases cannot be 
made in foreign currency. However, with a subsequent decree, companies 
with foreign capital have the right to remain outside the legislation. According 
to GYODER report (2019), office rents remain high for Turkish companies as 
office rents are still indexed with USD, in spite of the Decree No.32. If looked 
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from the investor side; although the contracts are being made with TRY and 
the contracts with the USD started to return to TRY, both the costs and the 
debts of the investors and developers continue to be foreign exchange. 
 
Figure 12: Construction cost index change  

 
Sou rce: TURKSTAT  
Note: The starting point for the index is 2005. 
Note2: Real value is a nominal v alue a djusted for inflation. 

 
When looked at the construction cost index, can be seen in figure 12 that there 
has been an upward trend during the study period, although the rate of 
increase has increased in recent years. When the construction costs are 
examined one after the change of rent table above, it shows the same trends in 
both the Turkish Lira and the real figures with TRY as well as the USD 
currency. However, it is observed that the increase rates are not the same and 
the increase in construction costs is higher than the rents. While construction 
costs have increased that much, the uncertainty in the supply-demand balance 
and the decline in rent require a different road in the office investment 
decisions.  

4.3 Delimitations  

Some information about the office market that has no significant impact or 
cannot be reached was ruled out of the analysis. These are the following; 

• Ankara and Izmir Office Market Data were excluded from the study due 
to the small size of the office investment and lack of data. Only the 
Istanbul office market submarket data were used in the study. 

• The office market data which before 2005 was excluded from the study. 
The study covers the years 2005-2018.  

• Sub-markets formed after 2008 were excluded from the study due to 
the have not long-term data to be examined. Levent, Maslak, Esentepe, 
Basin Ekspres, Kozyatagi, Altunizade, Umraniye and Kavacik sub-
markets were examined in the study.  

• Class C Buildings Data was excluded from the study due to it included 
buildings that were converted from the residence. Only class A and 
Class B buildings were examined in the study.  
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4.4 Inspected sub-markets 

In this study, eight sub-markets of Istanbul were investigated. The sub-
markets of Esentepe, Levent, and Maslak create the CBD. Basin Ekspres is the 
only office in the European Side that is located outside of the CBD. Altunizade, 
Kavacik, Kozyatagi, and Umraniye are the Asian side office areas. Description 
of the monthly asking net rent data of the sub-markets is as in table 5.  
 
T able 5: Descriptive of sub-markets monthly net rent data 
 

  
N Min imum Maximum Mea n  SD 

A ltunizade Net Rent (TRY/m²) -A Class 
5 6 1 2.19 2 5.22 1 8 .40 3 .29 

A ltunizade Net Rent (TRY/m²) -B Class 5 6 9 .27 17 .72 1 2.74 1 .7 4 

Ba sin Ekspres Net Rent (TRY/m²)-A Class 5 6 7 .70 17 .10 1 2.64 2 .50 

Ba sin Ekspres Net Rent (TRY/m²)-B Class 5 6 4 .28 1 4.02 8 .34 2 .80 

Esen tepe Net Rent (TRY/m²)-A Class 5 6 1 2.07 3 3.88 2 4 .09 6 .24 

Esen tepe Net Rent (TRY/m²)-B Class 5 6 9 .31 17 .04 1 3.82 2 .03 

Ka v acik Net Rent (TRY/m²)-A Class 5 6 8 .97 1 8 .64 1 5.20 2 .30 

Ka v acik Net Rent (TRY/m²)-B Class 5 6 6 .44 1 2.69 9 .85 1 .55 

Kozy atagi Net Rent (TRY/m²) -A Class 5 6 1 2.19 2 6 .24 1 8 .70 3 .7 3 

Kozy atagi Net Rent (TRY/m²)-B Class 5 6 8 .41 1 6.81 1 1 .97 2 .18 

Lev ent Net Rent (TRY/m²)-A Class 5 6 17 .80 4 1 .21 3 0.35 6 .67 

Lev ent Net Rent (TRY/m²)-B Class 5 6 1 0.60 2 5.63 1 5.64 3 .59 

Ma sla k Net Rent (TRY/m²)-A Class 5 6 1 0.82 2 7 .86 2 0.50 4 .54 

Ma sla k Net Rent (TRY/m²)-B Class 5 6 8 .16 17 .21 1 1 .99 1 .96 

Um raniye Net Rent (TRY/m²)-A Class 5 1  1 3.47 2 4 .09 1 8 .03 2 .44 

Um raniye Net Rent (TRY/m²)-B Class 5 1  6 .22 1 2.85 8 .7 0 1 .61 

Note: N for numbers of the period, SD for standard dev iation. All rents are av erage asking monthly  net 
rent  in  Turkish  Lira for  per  sqm. They  are available in  the study  for  all sub -market  separately  for 
bu ilding class. 

 
Levent, which sub-market is in the CBD, has the highest rents for A class 
buildings. Based on the means, it can be said that Basin Ekspres has the 
lowest rents. If figure 14 and table 5 examine together, it is seen that rents 
have decreased in recent years except for the Levent A, Basin Ekspres A, Basin 
Ekspres B, Esentepe A, Kavacik A, Maslak A and Umraniye A sub-markets. In 
these markets where the asking rental rates are increasing, the net rent figures 
do not increase at the same rate due to high inflation. This issue will be better 
understood when the rents are examined with distance from the equilibrium 
rent. 
 
When the stock data is analyzed (see table 6), Maslak has the highest number 
both for the last quarter and the averages. Altunizade has the lowest number 
for both the last quarter and the averages. When the change in the stock 
figures in the sub-markets is examined, it is seen that the fastest growing sub-
market during the study period is the Maslak. Altunizade and Kavacik have 
been the two lowest areas in terms of stock figure due to the limited area of 
expansion. 
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T able 6: Descriptive of sub-markets stock data 

 N Min imum Ma x imum Mea n  SD 

A ltunizade Stock (000 m²) 56 8 1 .93 1 88.42 1 36.44 2 4 .70 

Ba sin Ekspres Stock (000 m²)  56 2 38.79 5 87.70 4 45.40 7 3.56 

Esen tepe Stock (000 m²)  56 7 0.19 4 26.64 1 99.67 1 10.08 

Ka v acik Stock (000 m²) 56 1 22.17 2 9 0.27 2 15.49 6 2 .89 

Kozy atagi Stock (000 m²) 56 1 44.20 3 68.47 2 4 0.50 8 4 .52 

Lev ent Stock (000 m²) 56 3 05.00 7 29.42 4 58.00 1 45.40 

Ma sla k Stock (000 m²) 56 2 39.60 7 56.98 4 86.24 1 87.37 

Um raniye Stock (000 m²) 51 1 34.80 6 39.94 3 7 2.12 1 61.00 

Note: N for  numbers of the period, SD for  standard dev iation. Stock numbers included A and B class 
building in  each sub-market.  They  are available in  the study  for  all sub -markets but n ot separately  for 
bu ilding class. 

 
Figure 13: Stock vs rent in sub-markets 

 
Note: Circles show r ents (compare the other sub-markets) and colours sh ow stocks  
 
The CBD has both the highest stock figures and the highest rental values. 
Umraniye and Basin Ekspres follow CBD on the stock. The sub-market with 
the lowest stock figure is the Altunizade. As can be seen in Figure 13, the 
highest rental value is in Levent. For rental value, Esentepe is in the second 
rank. Basin Ekspres and Kavacik are the sub-markets with the lowest rent 
values. Even though Levent and Esentepe sub-markets are very close to each 
other physically, they differ in terms of stock characteristics. Although Maslak 
has a large A-class office area such as Levent, it is separated from other CBD 
sub-markets due to the fact that allowed construction area and building height 
are higher, but its accessibility is poorer than Levent.  
 
Basin Ekspres has the 4th  highest stock number following Maslak, Levent, and 
Umraniye. Basin Ekspres is at a different location than the other sub-markets. 
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Furthermore, it is the only sub-market that is not the main office area between 
the offices examined. However, it was included in the study due to the stock 
figure and changes in the vicinity by reason of high-scale decisions. 
 
Altunizade is the sub-market with the lowest stock figure on the Asian side. 
The extension possibility of the sub-market is limited and mostly includes 
class B office buildings. Therefore, the rents are on average, even if the area is 
high accessibility.  
 
Kavacik has the lowest rental level on the Asian side among the examined sub-
markets. Kavacik has limited access to public transport to the office areas, 
even if it is easy to reach with by car.  
 
Kozyatagi is the sub-market with the highest rental level of the Asian side 
among the examined sub-markets, both due to the commercial potential in its 
vicinity as well as the advantage of its accessibility by car and public 
transportation.  
 
Umraniye has a prominent place in office investment due to its high 
accessibility. The public transportation potential has increased with the recent 
metro projects. It is generally preferred by large companies with “the Built to 
Suit” model. While Umraniye has the largest stock figure on the Asian side, 
rents in the sub-market are below the average of the Asian Side.  
 
T able 7: Descriptive of sub-markets vacancy data 

 N Min imum Ma x imum Mea n  SD 

A ltunizade Vacancy-A Class 56 3 .1% 2 4 .4% 1 1 .4% 4 .9% 

A ltunizade Vacancy-B Class 56 3 .6% 4 8 .5% 1 3.3% 9 .8% 

Ba sin Ekspres Vacancy-A Class 56 8 .5% 3 8 .6% 1 8 .9% 8 .2% 

Ba sinEkspres Vacancy-B Class 56 15.0% 65.5% 37.2% 11.6% 

Esen tepe Vacancy-A Class 56 0.3% 3 2.9% 1 3.9% 1 0.1% 

Esen tepe Vacancy-B Class 56 3 .4% 1 9.7% 1 0.9% 4 .6% 

Ka v acik Vacancy-A Class 56 4 .2% 3 3.4% 1 4.1% 7 .0% 

Ka v acik Vacancy-B Class 56 7 .3% 5 5.4% 1 6.2% 1 1 .9% 

Kozy atagi Vacancy-A Class 56 2 .0% 3 5.2% 1 6.5% 7 .7% 

Kozy atagi Vacancy-B Class 56 1 .4% 2 4 .2% 1 3.9% 5 .9% 

Lev ent Vacancy-A Class 56 0 .1% 3 0.2% 8 .8% 9 .6% 

Lev ent Vacancy-B Class 56 0 .1% 5 1 .1% 2 1 .2% 1 0.5% 

Ma sla k Vacancy-A Class 56 1 .0% 3 4 .8% 1 3.2% 1 0.8% 

Ma sla k Vacancy-B Class 56 1.3% 13.7% 5.5% 2.9% 

Um raniye Vacancy-A Class 5 1  7 .8% 4 3 .6% 1 9.4% 7 .2% 

Um raniye Vacancy-B Class 5 1  5 .4% 5 0.0% 2 1 .7% 1 4.3% 

Note: N for  numbers of the period, SD for  standard dev iation.  Vacancy  rates were calculated fr om gross 
leasable areas in  ERIX data. They  are av ailable in  the study  for all sub -market  separately  for  building 
cla ss. 
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According to long term data; the lowest vacancy rate for the years examined is 
in Maslak B class offices. The highest vacancy rates are seen in the Basin 
Ekspres B class buildings. However, according to the latest figures in the data, 
the highest vacancy rate for 2018 Q4 is in Esentepe and Maslak for Class A 
and Basin Ekspres in Class B. The lowest vacancy rate for Class A is in Kavacik 
while the lowest vacancy rate for Class B is in the Altunizade sub-market. 

4.4.1 Rent and vacancy rate comparison 

Expectations in literature and preliminary studies in the US and UK markets 
often describe an inverse relationship between rent and vacancy rate. 
However, when the sub-markets of Istanbul are examined, it is observed that 
the market does not always exhibit this trend. Figure 14 shows the comparison 
of rent and the vacancy rate of sub-markets. The graphs show respectively, 
Prime market (Levent), Altunizade, Basin Ekspres, Esentepe, Kavacik, 
Kozyatagi, Maslak, and Umraniye.  
 
Figure 14: Rent and vacancy rate comparison for sub-markets 

 
N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Levent sub-market 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Levent sub-market 

 
N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Altunizade sub-market 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Altunizade sub-market 
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N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Basin Ekspres sub-market 

 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Basin Ekspres sub-market 

 
N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Esentepe sub-market 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Esentepe sub-market 

 
N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Kavacik sub-market 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Kavacik sub-market 
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N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Kozyatagi sub-market 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Kozyatagi sub-market 

 
N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Maslak sub-market 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Maslak sub-market 

 
N ote: A class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Umraniye sub-market 

 
N ote: B class buildings asking average real rents (TRY/m²) vs vacancy rates (%) for Umraniye sub-market 

 
Source: CBRE ERIX 
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According to Englund et al. (2008) in theory, fluctuations in the vacancy are 
expected to be seen with the mirror effect on the rent. However, in practice, 
the rent and vacancy rate has not entirely mirror effect. Nevertheless, not far 
from theory; vacancy and rent are expected to move in opposite directions. 
This is an important acceptance of the rent estimation studies. However, 
according to figure 14, it is observed that sometimes rents and vacancy figures 
move in the same direction in some of the sub-markets. The most encountered 
sub-markets of this situation are Umraniye, Kavacik, and Maslak, while the 
sub-markets that are least encountered are Esentepe and Basin Ekspres. 
 
With a detailed review; it is observed that the tendency of rent and vacancy to 
move together in the Istanbul office sub-markets is different from the 
literature. When the periods when vacancies and rent figures increased at the 
same time, it can be seen that the office project, which is mostly new to the 
market, with high rent expectations, may have increased both the vacancy rate 
and the average asking rent. Because there is also an increase in stock at the 
same time as this rising (see appendix 1). However, it is unfortunately not 
possible to explain the decreases in both the vacancy rate and rent figures at 
the same time with the change in stock figures. According to Englund et al. 
(2008); outside equilibrium, rents also gradually reach equilibrium due to 
strategic pricing decisions by landowners. An explanation here may be that 
owners who decide to drop rental rates can cause a decline in vacancy rates. 
However, the possibility of showing its effect within the same quarter should 
be discussed. The duration of the interaction between rent and vacancy rate 
will also be examined in the ECM in this study. 
 
Another issue to be understood for the Istanbul office market is that rents and 
vacancies do not fluctuate at the same rate. At this point, the literature should 
be examined once again to explain this situation. According to Mera and 
Renaud (2000), the tendency towards over-supply and output volatility in a 
particular property market is directly related to three main factors. These are 
the inertia of the rent, the stickiness of the vacancy rates and the development 
delays. Grenadier explained these factors in his different articles in the 1990s 
with his works on commercial real estate. These three factors are important 
determinants in the office sector. However, vacancy stickiness can be very 
helpful in understanding the market. 
 
The terms "hysteresis" or "adhesive area" were first described by Grenadier 
(1995). According to Grenadier(1995), in an uncertain market, explained that 
a landlord was reluctant to change the current level of a vacancy unless the 
returns in the leasing process compensated for the high costs of filling the 
vacancy. In a downstream market, the landlord will prefer to keep the existing 
units empty until the rental value is high enough. This will protect the owner 
against the potential default of the new tenant under bad market conditions. 
Briefly, in the low market periods; the cost of filling an empty unit may cost 
more than rent losses. 
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5 Data  

In this study quarterly time-series data spanning the period 2005 to 2018. The 
data set comprises various office market variables and economic activity (EA) 
indicators. A brief description of each data type is outlined below. 

5.1 Economic activity variables  

EA data were collected from official institution statistics related to the subject 
especially TURKSTAT and CBRT. The data of the variables encountered in the 
literature were collected for the study for explaining the EA (see table 8).  
 
T able 8: Descriptive of economic activity variables in the dataset 

 N Min imum Ma x imum Mea n  SD 

Period 5 6 Q1 -05 Q4 -18   

fdi (million USD) 5 6 1 27.0 6  7 74.0 1  67 8.2 1  450.5 

cpi 5 6 1 14.8 3 93.8 2 12.8 7 2.5 

unemployment rate 5 6 8 .0  1 3.6 1 0.1 1 .3 

Interest Rate 5 6 6 .5  2 5.5 1 3.4 5 .4 

cci 5 6 9 8 .4 3 92.8 1 81.1 6 5.9 

currency rate (TRY ~ 1  USD) 5 6 1 .2 5 .6 2 .1  1 .0 

gdp (millions, USD) 5 6 1 9 190.2 4 7  642.9 3 6  398.0 7  352.0 

emp 5 6 1 28 271.2 2 01  891.7 17 7 386.6 2 2  475.6 

Note: N for a number of periods, SD for Standard Dev iation. fdi for foreign direct inv estment in serv ice 
sector in Turkey , cpi for consumer price index in Turkey  (2003 Jan =100), unemployment rate for 
quarterly  unemployment rent in Turkey , interest  rate for quarterly  interest rate with state borrowed 
figure, cci for construction  cost index in Turkey  (2005=100), currency  rate for  av erage currency  rate in 
quarter, gdp for  gross domestic product fr om serv ice sector  in  Istanbul, emp for  the number  of bank 
em ploy ees in Turkey. 

 
After the regression analysis, the most common variables of the above data 
were selected. However, even if they are not used in the model; these 
variables are important to recognize Turkey, Istanbul and of course the 
Istanbul office market.  

5.2 Office market variables  

This study focuses on eight sub-markets of the Istanbul office market and 
also the general Istanbul market. The analyses were done separately for A 
and B office buildings in each sub-market. The rent, stock and vacancy data 
used in the rent adjustment equations was the panel data obtained from 
CBRE ERIX data. Colliers' quarterly reports were also used to carry out 
mutual checks with CBRE ERIX data. 

In the study, eight sub-markets of Istanbul reviewed. As can be seen in Figure 
15, four of the sub-markets are located on the European Side and four of the 
sub-markets are located on the Asian Side.  
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Figure 15: Locations of sub-markets 

 

The vacancy rate, average asking rent and stock data for sub-markets have 
been obtained from CBRE ERIX data. The vacancy rate and rent figures for 
the study could be reached separately for the office classes. However, since the 
stock figure cannot be allocated to the building classes, it is used separately in 
the sub-markets but common in the building classes. 
 

The rental figures in the data set were converted into Turkish Lira currency 
from USD. In the analysis, asking monthly real rent was used. Real rent is 
nominal value adjusted for inflation. 
 
The stock figures have been reached by taking into account the gross leasable 
areas of office buildings in use in each sub-market. Construction areas were 
not taken into consideration in the study due to the fact that some of the 
projects were mixed projects. In CBRE ERIX data, class C office buildings are 
not included in the stock figures but in the data A and B Class can be reached 
separately. In the study, stock figures could not be classified as Class A and B 
because considering the risk that the B class buildings may change in working 
periods. 
 
The information on the variables used in the model is summarized in table 9. 
 
T able 9: Descriptive of variables used in the rent estimation 

Variable N Minimum Maximum Mean SD 

Period 56 Q1-05 Q4-18 Q2-12   

emp (.000) 56 128,27 201,89 177,39 22,48 

rent (all) 886 1 ,17 31 ,47 8,21 3,91 

v  (all)  886 0,00 0,66 0,16 0,11 

stc (all)  443 7 0,19 7 56,98 318,63 173,32 

Note: N for number s of the period, SD for standard dev iation. emp for  the number  of bank employ ees in 
Tu rkey, rent for average asking net r ent with Turkish Lira, v  for vacancy rate, stc for stock. 
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6 Analysis and results  

Regression analysis was performed first to make the selection between the 
explanatory variables collected from the literature. With this method, the 
relationship between the variables has been reached and the variables to be 
used in the models have been selected in this way. After reaching the long-
term equilibrium rent of each sub-market, the long-term relationship between 
the series was determined with the econometric analysis. The causality 
relationship and the direction between the series were determined with the 
ECM. 
 
Non-stationary series (for ex. x and y series) have a linear composition if these 
two series are stationary (If individual variables that are stationary of the 
same order) then these two series are called 'cointegrated'. The linear 
composition refers to the model formed by the error term of these two 
variables. If the two series are cointegrated, the model with the error term will 
be stationary. This will give us a long-term equilibrium relationship. In this 
study, the data complied with the above situation, allowing for a short-term 
rent estimation. 

6.1 Regression and equilibrium rent analysis 

The relationship of variables with each other and their relationships with rent 
were examined in order to understand which variables would be used in the 
model. 
Figure 16: Variables matrix 

 
Note: fdi for foreign direct  inv estment  in  serv ice sector  in  Turkey , cpi for consumer price index  in 
Turkey  (2003 Jan=100), unemployment rate for quarterly  unemployment rent in  Turkey , interest  rate 
for  quarterly  interest  rate with state borr owed figure,  cci for  construction cost index  in Turkey 
(2005=100), currency  rate for av erage currency  rate in quarter, gdp for gross domestic pr oduct from 
serv ice sector in Istanbul, emp for the number of bank employees in Turkey. 
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In regression analysis, it was observed that the rent was highly correlated with 
currency rate, cpi and cci and vacancy rate. However, the currency rate, cpi 
and cci were also related to stock hence they were not included in the model  
(see figure 16). The regression study for gdp and employee (emp) was 
performed separately and together for explaining EA and S part of the model. 
The long-run equilibrium model (7) was run with emp and gdp variables both 
and separately. In the model outputs, the model reached the higher number of 
R2 in the results achieved with the variable emp. Also, emp is more significant 
in the sub-market. After the comparisons, it was decided to use the emp 
variable for the equilibrium rent model and the ECM.  
 
We can make long term equilibrium regression in the form of the function of 
the model (1) where supply and demand are in balance. 
 
lnR* = γ 0 + γ 1 ln emp + γ 2 ln stc + γ 3 ln v      (7) 

 
First of all, a regression analysis based on the submarket of Levent with A 
class rents was completed for Istanbul. Looking at the results of the analysis 
(see table 10) as expected, the emp variable is both positive and significant. At 
the same time, it is seen that the results of positive and ineffective stc and v 
variables. These results can be explained by the characteristics of sticky prices 
in the market as described previously or the rents may be under the 
equilibrium rent, which should be examined individually for these sub-
markets. 
 
T able 10: Equilibrium rent test result for Istanbul 

 
Istanbul Coefficients: t value    
(Intercept) -9.790 -11.50  *** 
ln emp   1.077   13.37  *** 
ln stc   0.022   0.81   
ln v   0.008   1.22   
Class B -0.527 -48.72  *** 
DistrictAltunizade -0.327 -8.46  *** 
DistrictBasinEkspres -0.769 -33.77  *** 
DistrictEsentepe -0.151 -4.69  *** 
DistrictKavacik -0.553 -18.27  *** 
DistrictKozyatagi -0.365 -12.78  *** 
DistrictMaslak -0.325 -15.14  *** 
DistrictUmraniye -0.594 -24.18  *** 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
Adjusted R-squared:  0.850 F-statistic: 423.2,  p-value: ***   
 
Note: ln emp for  log -function of the number of bank employ ees in Turkey , ln  v for log -function  of the 
v acancy rate, ln stc for log-function of the stock 
 

Another result that can be deduced from the Istanbul equilibrium rent model 
(7) is that in Class B buildings, rents are 0.53 units less than 1 unit rent in 
Class A and that the building class should be considered in rent determination 
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studies. Also, while estimate 1 unit rent for office rent in Levent, it is needed to 
estimate 0.15 units less for Esentepe and 0.77 unit less for Basin Ekspres. 
 
The equilibrium rent model (7), which was run separately for A and B classes 
in eight sub-markets, was not the same explanatoriness in all sub-markets. A 
summary of the model outputs of all sub-markets as seen in appendix 3. The 
model does not have sufficient disclosure power in Altunizade B and 
Umraniye B sub-markets. Furthermore, when the submarkets are compared 
the description power of the model is higher in the A class buildings except for 
the Kavacik.  
 
When looked at the power of variables, can be seen that the most effective 
variable is the emp variable. The effect of the emp variable does not seem to be 
significant for Basin Ekspres A and B, and Kozyatagi A. In the sub-markets 
where the model works; significant emp affected the rent positively. This 
result confirms the expectations of the literature. 
 
In most of the sub-markets where the model works, the stc variable has a 
significant effect. However, contrary to the literature expectation, Basin 
Ekspres A and B, Esentepe A and Kozyatagi A sub-markets have a positive 
effect on the stc variable. stc increase in Levent B, Altunizade A, Kavacik B and 
Kozyatagi B have negatively affected in rent. This result makes it possible to 
consider the theory that the higher rent expectation buildings, which are 
newly added to the stock, cause an increase in the rent. 
 
When examined the v variable, it is not a significant variable for most of the 
markets where the model works. The sub-markets where the v variable has a 
negative effect on rent are Basin Ekspres B, Esentepe A and Kozyatagi A. As 
previously seen in vacancy and rent comparison, in the Maslak A, Umraniye A 
and Esentepe B sub-markets, the increase of v has a positive effect on the rent. 
 
When residual from the long-run equation and vacancy rate checked in detail,  
it is seen that the residues of the v and stc variables are marked in different in 
submarkets which the v variable is effective on rent. For example, one unit 
increase in the vacancy rate for Basin Ekspres B led to a 0.07 unit decrease in 
rent, while a one unit increase in stock led to a 1.79 unit increase in rent. In 
another example, a unit increase in the vacancy rate for Kozyatagi A decreases 
the rent by 0.04 units, while a unit increase in stock increases the rent by 0.60 
units. 
 
Close to the theory of sticky vacancies, a unit vacancy rate increases for 
Esentepe B led to a rent increase of 0.06 units; For Maslak A, a unit increase 
in vacancy rate led to a rent increase of 0.08 units and a unit vacancy rate for 
Umraniye A increase led to a rent increase of 0.12 units. In these sub- 
markets, residues for stc variable are positive. In these sub-markets, although 
the positive effect of new office supply entered into the market cannot be 
explained because the stc variable is not significant, it can be explained that 
the land-lords have less tendency to lower the rent in increasing vacancy rates. 
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Figure 17: Equilibrium rent for sub-markets 

N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium rents (TRY/m²) for Levent sub-market 
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent  is nominal rent adjusted for inflation and all rent values are monthly 
 

N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium  rents (TRY/m²) for Altunizade sub-market  
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent  is nominal rent adjusted for inflation and all rent values are monthly 
 

N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium rents (TRY/m²) for Basin Ekspres sub-market 
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent  is nominal rent adjusted for inflation and all rent values are monthly 
 

N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium rents (TRY/m²) for Esentepe sub-market 
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent is nominal rent adjusted for inflation and all rent values are monthly 
 

N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium rents (TRY/m²) for Kavacik sub-market 
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent is nominal rent adjusted for inflation and all rent values are monthly 
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N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium rents (TRY/m²) for Kozyatagi sub-market 
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent  is nominal rent adjusted for inflation and all rent values are monthly 
 

N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium rents (TRY/m²) for Maslak sub-market 
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent  is nominal rent adjusted for inflation and all rent values are monthly 
 

N ote: A and B class buildings asking average real rents (TRY/m²) vs equilibrium rents (TRY/m²) for Umraniye sub-market 
N ote 2: red line for equilibrium rent, blue line for asking average real rent  
N ote 3: net rent  is nominal rent adjusted for inflation and all rent values are monthly 

 
After the regression analysis, the equilibrium rent was found for all sub-
markets. As can be seen in Figure 17, in some B class sub-markets, rent figures 
have been below the equilibrium rent in recent years, while in A class office 
submarkets, except for Altunizade and Kozyatagi, rents are above the 
equilibrium rent. Looking at inflation and other economic activity data, we 
can predict that rent in these sub-markets with equilibrium above the rent will 
tend to fall. 
 
When the equilibrium rents of the sub-markets were examined, it was 
observed that Kozyatağı A and Esentepe B were at equilibrium levels in Q4 
2018. It is also an important detail that rents in these two sub-markets reach 
equilibrium and moving away from equilibrium with fewer fluctuations than 
other sub-markets during the study period. Levent B, Basin Ekspres B and 
Ümraniye B are the sub-markets experiencing the highest volatility in 
achieving equilibrium. Figure 17 shows that rental volatility is higher in Class 
B sub-markets. 
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6.2 Econometric analysis 

The statistical method used to explain the economic theories is called 
econometric analysis. It is not possible to make an estimate with the 
economic model. In econometric analysis, models can be estimated and 
produced. 

In order for the econometric analysis to be applied to time series, the stability 
of the series must be tested first. Because non-stationary time series analysis 
may provide so called spurious regression problems in that a spurious 
relationship may be measured between independent non-stationary time 
series. It is difficult to explain the long-term average in non-stationary series. 
Therefore, a temporary shock may have a long-term effect on these series. 
Thus, in order to perform regression analysis with time series, the 
characteristics of each time series should be examined first. Unit root tests 
are used to test stationarity. The ADF test was used in this study.  

Following the unit root test, the existence of a long-term relationship 
between time series is tested with a cointegration test. The Johansen 
cointegration test was carried out following the route in the following scheme 
and then the ECM model was established. 

 

 

Figure 18: The algorithm for the selection of the analysis method 

Source: Ba sed on  Dörg ő, G.,  et  al. (2018). "Ev aluating the Interconnectedness of the Sustainable 
Dev elopment Goals Ba sed on the Causality Analysis of Sustainability In dicators," article.  

 

6.2.1 Unit root test  

The unit root test was performed to measure the stationarity of the series 
before the cointegration test. The most commonly used tests in the literature 
are as follows; Dickey-Fuller (1979), Extended Dickey-Fuller (ADF) (1981), 
Phillips-Perron (PP) (1988), ERS (1996) and NG Perron (2001) tests. 
 

ADF Unit Root Test
(to m ea su r e th e sta t ion a r y ) 

No In teg r a ted in  sa m e or der Yes

Johansen Cointegration
(to m ea su r e th e lon g -r u n  r ela t ion sh ip) 

Coin teg r a t ion  does n ot  ex ists Coin teg r a t ion  does ex ists

Granger Causality Test Error Connection Model 

(to m ea su r e th e ca u se a n d effect  

r ela t ion sh ip)

(to m ea su r e sh or t-r u n  beh a v iou r  a lon g  

w ith  lon g -r u n  beh a v iou r )
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ADF Test was used for the unit root test. Each variable must be tested 
separately in the ADF test hypothesis. The autoregressive coefficient of the 
model is tested in the hypothesis established separately for the variables. In 
the hypothesis established for the ADF test, this coefficient is statistically 
tested to be equal to 0. If H0 is accepted as a result of the test, it is decided that 
the series is stationary.  
 
First, the ADF test was performed with logarithmic functions of variables.  
After the first test, some variables are non-stationary. (Ho is rejected for some 
variables.)  The unit root test was repeated for the second series with the first 
differences of the variables. Ho has been rejected for the first difference of all 
series. Then all the variables are accepted stationary at the level of the first 
difference. Since all variables were stationary at first order I (1), the 
cointegration test was applied. 

6.2.2 Johansen cointegration test  

 
If the two or more non-stationary time series have linear stationary 
combinations, these series may be co-integrated. Cointegration or long-term 
relationships are measured by different tests according to the condition of the 
series. The Engle-Granger test should be used to examine the long-term 
relationship of two series which stationary at first order I (1). If the long-term 
relationship of more than two first order I (1) stationary series is to be 
examined, the Johansen test should be used. Johansen test was chosen 
because more than two and first-order stationary I  (1) series will be tested. 
 
In the time series which contains more than two variables, every sub-market 
and Istanbul were conducted in Johansen Test to examine the existence of the 
relationship in the long term. The following model was used to study the long-
term relationship. 

ln R =  0 ln 0 + 1 ln emp +  2 ln stc +  3 ln v + ut                                      (8) 

The characteristics of the VAR model to be run for the Johansen test in the R-
Studio program selected by Akaike Criteria (AIC) are as follows. 

type = c("eigen", "trace") 

ecdet = c("none", "const", "trend") 

K = 2  

spec=c("longrun", "transitory") 

season = NULL, dumvar = NULL 

The lag length was 4 in some studies, but 2 were used in the study. The 
installed VAR model can be summarized as long-term and trendy. The results 
of the cointegration test are in appendix 2. If the test results are correctly 
interpreted, there is a relationship between the long-term relationship model 
identified in the sub-markets. Therefore, ECM can be applied. 
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6.2.3 Error correction model  

A conspicuous principle of the cointegrated variables is the deviation in the 
long-term equilibrium over time. In order for the model to be able to reach the 
long-term equilibrium again, some of the variables should be in a position to 
provide this. In the ECM, the short-term dynamics of the variables in the 
system are affected by the deviation from the long-run equilibrium of the 
system. 
 
The ECM equation includes one-period delayed errors of the co-integration 
regression as well as the first differences of the variables. One of the 
advantages of using the ECM is to provide short and long-term causality and 
to ensure the disequilibrium between the variables to be corrected. 
 
“ut” is residual from the long-term model. Since the long-run model (8) is 

cointegrated in the first order, I (1), the error term that will be used for the 
ECM is expected to be stationary in order zero, I (0). ECM model can be 
written with the lagged value of the variables and residual from (8). The 
lagged value is obtained as follows. 
 
 ln empt  = ln empt - ln empt-1       (9) 

 

After the literature review and analysis, the following model is used for short-
run rent estimation in this study. 
 

 ln rentt = 0 + 1  ln empt + 2  ln stct + 3  ln v t + 4 ε t-1                   (10) 

 
According to this ECM model, the change in rent is a function of the change in 
supply and demand variables. At the same time, the rent is also affected by the 
lagged residual term which is reflecting the difference between the long-term 
equilibrium rent and the current net rent. According to the literature, in the 

model outputs, the coefficient 1  should be positive. Also, the coefficients 2  

and 3 should be negative. However, as seen in the results of the equilibrium 

rent regression, this is not expected in all sub-markets for the Istanbul office 

sub-markets. However, to continue the short-term estimation of the study, 4 

should be between -1 and 0. The 4 coefficient is also the rent adjustment 

mechanism. If the 4 coefficient is 0, it will indicate that there is no 

adjustment for rent and if it is between 0 and -1 it will indicate there is rent 
adjustment where the coefficient can be seen as the percentage of the gap 
between the actual and the equilibrium rent that is closed during a period due 
to the error correction.  
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6.2.3.1 Rent estimation  

The error correction model (10) was run separately for classes A and B in eight 
sub-markets for all variables first lagged. The model has not fitted the same 
level in each sub-market. A summary of the model outputs of the sub-markets 
is as in appendix 4. However, as mentioned before, especially searching in the 
model output is the negative and significant the error term. 
 
In all sub-markets, the error term coefficients are between 0 and -1. However, 
Levent B sub-market has a p-value of more than 0.05. Also, for a Kozyatagi B 
sub-market, the error term has a p-value greater than 0.01. These two sub-
markets are also the areas where Adjusted R squared figures are the lowest. In 
the remaining areas, at lowest Kozyatagi A sub-market has 0.199 adjusted R2, 
has a higher Adjusted R2. This shows us that rents can be adjusted in all sub-
markets where the ECM is run. 
 
When the effects of the one-period lagged in the variables are examined, a 
one-period change in the emp variable causes a change in the rent for Levent 
A, Altunizade B, Esentepe A and B, and Kavacık B. Change in v variable causes 
changes in rent for Altunizade A, Esentepe B, and Umraniye A and B. The 
most curious effect in the study is the effects of the change in the stc variable. 
The change in this variable causes changes in the rent for Levent A, Basın 
Ekspres A, Esentepe A and B, and Maslak A at the end of a period. 
 
Since they have the largest pipeline figure for 2019 and later, the next section 
of the study will focus on the Levent A and Umraniye A. However, in the long-
term and short-term results with one-period, the stc variable, Umraniye A 
does not appear to be significant and there may be no significant results for 
other short-term analysis. 

6.2.3.2 Rent estimation for Levent and Umraniye  

 
It is not possible to transfer the results for all building classes and all sub-
markets in this study. For this reason, this will be tried to be estimated with 
the ECM model for the sub-markets which have the highest number of 
pipelines in the study.  Although it is located within the borders of "Istanbul 
Finance Center", Ümraniye has a pipeline of 560,000 sqm and the Prime 
location Levent has a pipeline of 150,000 sqm. These two sub-markets have a 
large proportion of the total pipeline figure. And the model contains 1-2 and 3 
years lagged stc variable. The reason for making 1, 2 and 3-year estimates is 
that the construction decisions were taken so long ago by looking at the 
market and stock conditions.  
 
The results of the short-term ECM model summarized with the delayed 
variables and error term are given below for each sub-market. 
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T able 11: ECM test results for Levent A  

 

Levent - A 

  Coefficients t value    

d ln stc (t-4)   3.341   2.37  * 

ε(t – 1 ) -0.313 -2.73 ** 

  Adjusted R-squared:  0.232   

d ln stc (t-8)   5.131   3.01 ** 

ε(t – 1 ) -0.322 -3.04 ** 

  Adjusted R-squared:  0.317   

d ln stc (t-12) -1 .390 -1 .00   

ε(t – 1 ) -0.434   9.02e-06 *** 

  Adjusted R-squared:  0.472   
Sig nif. codes:  0 ‘***’ 0 .001 ‘**’ 0 .01 ‘*’ 0 .05 ‘.’ 0.1 ‘ ’ 1  
Note: d refers to the change in  the v alue of the variable, ln emp for log -function of the number of bank 
employ ees,  ln v for log -function  of the v acancy  rate, ln stc for log -function  of the stock, ε(t  – 1 ) for the 
la gged v alue of error term.  

 
When the stc variable for Levent A is analyzed, it is seen that the stock number 
one year ago (four periods before) and the stock number two (eight periods 
before) years ago are positive and effective at the rent. When we look at the 
stock number three years ago (twelve periods before), it is observed that it is 
negative and not significant. When the office stock in Levent A is examined, it 
is seen that the size of the offices is between 4,000 and 75,000 sqm GLA and 
the construction processes in office buildings of this size are directly 
proportional to the construction area. The construction processes take 1 - 2 
years in Levent A. The construction process mentioned here; It includes the 
period in which the investment decision given by the developer taking into 
consideration the market conditions with the construction is completed and 
included in the stock. 
 
Based on these results, it can be said that an office building which has been 
decided to be invested by taking stc variable one year ago, has a positive effect 
on rent and is highly effective compared to existence ECM studies. However, it 
should be added that the previous ECM models examined here do not 
correspond to a table with a 4-period delayed variable. It can be said that the 
change in the rent created by the same office building in Levent A, the 
adjustment speed will be 0.31 percent for each period. 
 
Also, it can be said that an office building which has been decided to be 
invested by taking account stc variable two years ago, has a positive effect on 
rent and is highly effective compared to one year ago lagged stc variable. That 
can be said, as the effect in the rent created with stock change in Levent A, 
occurring before the 8th periods should be average of 3.19 periods pass for the 
become to equilibrium again. 
 
With the reasons explained above are taken into consideration, it is 
understandable that the effect of the stock figure three years ago (twelve 
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periods before), on the rent is not effective. The extension or shortening of 
construction processes for office buildings can create different ECM model 
results for this sub-market. 
 
T able 12: ECM test results for Levent A 

Um raniye - A 

  Coefficients t value    

d ln stc (t-4)   0.184   0.17   

ε(t – 1 ) -0.455 -3.69 *** 

  Adjusted R-squared:  0.203 

d ln stc (t-8)   1 .830   1 .62   

ε(t – 1 ) -0.280 -2.64 * 

  Adjusted R-squared:  0.223 

d ln stc (t-12)   1 .955   1 .60   

ε(t – 1 ) -0.344 -2.51 * 

  Adjusted R-squared:  0.184 
Sig nif. codes:  0 ‘***’ 0 .001 ‘**’ 0 .01 ‘*’ 0 .05 ‘.’ 0.1 ‘ ’  1  
Note: d refers to the change in  the v alue of the variable, ln emp for log -function of the number of bank 
employ ees,  ln v for log -function  of the v acancy  rate, ln stc for log -function  of the stock, ε(t  – 1 ) for the 
la gged v alue of error term.  

 
When the stc variable for Umraniye A is analyzed, it is seen that the stock 
number one year ago (four periods before), the stock number two (eight 
periods before), and the stock number three years ago (twelve periods before), 
are positive and not significant at the rent. 
 
When Umraniye stock is examined, it is seen that there are 9,000 - 25,000 
sqm GLAs office buildings, except for two large office buildings. The 
construction period of office buildings of this size will take less than 2 years 
under the conditions of the general office of the Istanbul office. However, the 
results of one-year changed stc variable have not been significant in 
explaining the change in rent. 
 
The first reason for this should be the "built-to-suite" tradition that separates 
Ümraniye from other sub-markets. In recent years, even if some office 
buildings were developed without this tradition, this did not affect the general 
structure of the sub-market. Considering the future stock, it should not be 
neglected that the stock will be in a specific position as "Istanbul Financial 
Center" in Umraniye. It should also be noted that the constructions are made 
for financial institutions, especially the public institutions with the "Built the 
Suit" model. 
 
Due to the self-specificity of the sub-market, no significant results could be 
obtained from the rent estimation study in this region. However, this sub-
market has the biggest pipeline figure in Istanbul. It is important to continue 
to make the rent estimation studies for Umraniye A with different models. 
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6.3 Conclusion for Analysis 

In order to realize the rent adjustment estimation studies for 8 office areas of 
Istanbul, it was decided to use the emp variable for Economic Activity (EA) 
and thus demand function after the analysis with EA variables. After this 
decision, the rent model was formed with emp, stv and v variables. 
 
After the long-term equilibrium model created, equilibrium rents have been 
estimated for sub-markets and Istanbul. When looked at the results of 
Istanbul, the emp variable is positive and significant, whereas stc and v 
variables are not significant. Another important result for Istanbul shows that 
approximately 50% less rent requests have been made for Class B office 
buildings, while there are differences between these numbers among sub-
markets. 
 
When the equilibrium rents for the sub-markets were examined, it was 
observed that Altunizade A was below the equilibrium rent, while Kozyatağı A 
was at the equilibrium levels in 2018 Q4. The other A sub-markets are at the 
levels above the equilibrium rent. The current rents at Basin Ekspres B are 
higher than the equilibrium rent, while the Esentepe B at the equilibrium 
level. The other B sub-markets are below the equilibrium rents. 
 
When the ECM result is examined, the adjustment mechanism of the model is 
working in all sub-markets, but in some sub-markets, there is little 
explanation power. Nevertheless, short-term rent estimation models can be 
run for all sub-markets.  
 
With short-term model firstly one period before the changes in the emp, stc 
and v variables created the shock on the rent, the time of adjustment to the 
balance and the direction of these shocks were measured. When looking at the 
results, the emp which is seen as the most effective variable in the equilibrium 
rent analysis and creates a positive shock. stc variable produces a negative 
effect for Basin Ekspres A and Esentepe A. However, this effect is positive for 
Levent A, Esentepe B, and Maslak A. v variable causes negative shock in 
Altunizade A, whereas a positive effect on Esentepe A, Umraniye A and 
Umraniye B sub-markets. 
 
Looking at Levent A and Umraniye B, it was observed that the stc variable at 
Levent A 1 and 2 years ago were effective in the development of new offices 
and this effect was observed in the rent. However, rent estimation for stc  
variable could not be made for Umraniye with a used model. 
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7 Conclusions 

As in many emerging markets, the rent office adjustment studies for the 
Istanbul office market was limited due to long-term data access constraints. 
Only a limited number of rent determinants studies are available for the 
Istanbul Office market, which was institutionalized after 1995. 
 
Due to foreign investment as well as recent trends, commercial and office 
property investments grow in the real estate sector in Turkey also Istanbul 
market. For Istanbul, which has almost 7 million sqm stock with high vacancy 
rates, there is almost 1 million sqm size pipeline figure. These developments in 
the Istanbul office market; have made this study, which has not been done for 
Istanbul before, important for the literature and real estate sector. Because it 
is of great importance to determine the rents, which have the most important 
place in determining the value of properties, especially in the valuation 
processes. 
 
The rents are affected by the conditions within the office market and the 
economic conditions of the country. All these figures, as well as the arbitrary 
decisions of the landlords to keep their rent high, have a significant impact on 
office market rents. For the Istanbul office market, inflation figures and 
exchange rates have become the figures that should not be ignored. When 
looking at the asking rents in the Turkish lira, it is seen that there is a series in 
the tendency to increase. However, the figures are stable when transforming 
into real rents. On a USD basis, it follows a downward trend.  
 
In the study, firstly descriptive analysis was completed for rent, other office 
market variables, and economic activity variables. After the descriptive 
analysis, regression analysis was performed. In order to facilitate rental 
adjustment estimation studies for eight office sub-markets of Istanbul, it was 
decided to use the employee (emp) variable for EA and thus demand function 
after the first regression with EA variables. After this decision, the rent model 
were formed with emp, stock (stc) and vacancy (v) variables. 
 
When the long-term equilibrium model created, equilibrium rents have been 
estimated for sub-markets and Istanbul. When looking at the results of 
Istanbul, the emp variable is positive and significant, whereas stc and v 
variables are not significant. Another important result for Istanbul shows that 
approximately 50% less rent asks have been made for Class B office buildings, 
while there are differences between these numbers among sub-markets. 
 
When the ECM is run with first period changed, the adjustment mechanism of 
the model is working in all sub-markets, but in some sub-markets, the model 
has low explanatory power. Nevertheless, short-term rent estimation models 
can be run for all sub-markets. The results of the short-term model supported 
the long-term model results. However, in some sub-markets, model variables 
are not significant to explain the rent adjustment.  
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One of the important points for the study was to estimate the rent for sub-
regions with high pipeline figures. For this reason, ECM studies were 
continued in two sub-markets with the highest number of pipeline figures. All 
the office buildings under construction were restricted to Class A. Thus, the 
effect of stc variable on rent was measured with 1, 2, and 3 years differences 
for Levent A and Umraniye A. 1 year and 2 years changed for Levent A stc 
variable was significant and positive effect on the rent, whereas the stc 
variable for Umraniye A was insignificant in such a way as not to allow rent 
adjustment. 
 
The markets used in this study are limited. However, even though they were 
formed later, the new office sub-markets had high stock figures due to rapid 
expansion. Considering these sub-markets in future studies, the Istanbul 
office market will be better understood.  
 
For the next studies, to be carried out for Istanbul, vacancy and rent effects 
should be discussed in detail by including the opinions of the decision makers. 
In order for this study to take more efficient results, the stock figures should 
be divided into A and B class and repeated with the same and different 
variables. Istanbul and Turkey in the real estate sector are not sufficiently 
transparent. For more satisfying academic studies, researchers need a more 
transparent market and actual market numbers. 
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Appendix 1. Rent, vacancy and stock for sub-markets 
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[1 ] 6.81 1 6.02 40.82 86.20 [1 ] 5.95 22.22 42.98 7 2.7 7

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 x r <= 2 1 7 .85 1 9.96 24.60 ✔

r <= 1 32.00 34.91 41 .07 ✔ r <= 1 32.00 34.91 41 .07 ✔

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

[1 ] 6.58 1 4.65 25.55 57 .28 [1 ] 5.34 1 4.04 30.1 9 60.1 4

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 x r <= 2 1 7 .85 1 9.96 24.60 x

r <= 1 32.00 34.91 41 .07 x r <= 1 32.00 34.91 41 .07 x

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

Basin Ekspres

[1 ] 6.39 1 9.21 39.33 7 6.99 [1 ] 4.38 1 6.7 7 36.43 7 1 .7 4

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 ✔ r <= 2 1 7 .85 1 9.96 24.60 x

r <= 1 32.00 34.91 41 .07 ✔ r <= 1 32.00 34.91 41 .07 ✔

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

Esentepe

[1 ] 6.7 2 1 7 .05 31 .08 7 6.7 0 [1 ] 4.7 9 1 0.7 9 28.21 7 2.45

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 x r <= 2 1 7 .85 1 9.96 24.60 x

r <= 1 32.00 34.91 41 .07 x r <= 1 32.00 34.91 41 .07 x

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

Kavacik

[1 ] 4.44 22.84 51 .09 92.69 [1 ] 4.48 1 5.1 1 34.27 67 .7 2

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 ✔ r <= 2 1 7 .85 1 9.96 24.60 x

r <= 1 32.00 34.91 41 .07 ✔ r <= 1 32.00 34.91 41 .07 x

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

Kozy atagi

[1 ] 4.67 20.60 44.69 82.90 [1 ] 7 .55 1 6.88 38.48 69.87

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 ✔ r <= 2 1 7 .85 1 9.96 24.60 x

r <= 1 32.00 34.91 41 .07 ✔ r <= 1 32.00 34.91 41 .07 ✔

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

Maslak

[1 ] 5.7 9 22.7 6 42.83 1 08.28 [1 ] 4.81 1 7 .7 3 31 .27 7 7 .7 9

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 ✔ r <= 2 1 7 .85 1 9.96 24.60 x

r <= 1 32.00 34.91 41 .07 ✔ r <= 1 32.00 34.91 41 .07 x

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

Um raniy e

[1 ] 5.08 1 9.86 42.1 0 7 4.43 [1 ] 6.32 1 5.7 2 37 .55 62.86

1 0pct  5pct 1 pct Ho Rejected 1 0pct  5pct 1 pct Ho Rejected

r <= 3 7 .52 9.24 1 2.97 x r <= 3 7 .52 9.24 1 2.97 x

r <= 2 1 7 .85 1 9.96 24.60 x r <= 2 1 7 .85 1 9.96 24.60 x

r <= 1 32.00 34.91 41 .07 ✔ r <= 1 32.00 34.91 41 .07 ✔

r = 0 49.65 53.1 2 60.1 6 ✔ r = 0 49.65 53.1 2 60.1 6 ✔

B Class

Levent 

Altunizade 

Basin Ekspres

Esentepe

Kavacik

Kozyatagi

Maslak

Umraniye

Levent 

A Class

Altunizade 

Appendix 2. Johansen test results  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: ✔ for  test result: within 5% significance level; Ho was r ejected. 
Note2:  x  for test result: within 5% significance level; Ho could not rejected. 



 

Appendix 3. Equilibrium rent test results for sub-markets 

 

Sig nif. codes:  0 ‘***’ 0 .001 ‘**’ 0 .01 ‘*’ 0 .05 ‘.’ 0.1 ‘ ’ 1  
Note: ln emp for  log -function of the number of bank employ ees in Turkey , ln  v for log -function  of the 
v acancy rate, ln stc for log-function of the stock. 

  



 

Appendix 4. One-term ECM results for all sub-markets 

Sig nif. codes:  0 ‘***’ 0 .001 ‘**’ 0 .01 ‘*’ 0 .05 ‘.’ 0.1 ‘ ’ 1  
Note: d refers to the change in  the v alue of the variable, ln emp for log -function of the number of bank 
employ ees,  ln v for log -function  of the v acancy  rate, ln stc for log -function  of the stock, ε(t  – 1 ) for the 
la gged v alue of error term.  
 

Coefficients t  value 

Levent 

d ln emp   3.181   2.43 *

d ln v   0.104   0.27

d ln stc   0.066   2.36 *

ε(t – 1) -0.326 -2.80 **

Adjusted R-squared:  0.242

Altunizade 

d ln emp   1 .552   1 .26

d ln v -0.856 -2.21 *

d ln stc -0.021 -0.44

ε(t – 1) -0.565 -4.08 ***

Adjusted R-squared:  0.27 7

Basin Ekspres

d ln emp   0.220   0.22

d ln v   0.507   1 .05

d ln stc -0.159 -2.06 *

ε(t – 1) -0.422 -3.58 ***

Adjusted R-squared:  0.216

Esentepe

d ln emp   1 .831   1 .97 .

d ln v   0.511   4.51 ***

d ln stc -0.089 -5.33 ***

ε(t – 1) -0.380 -3.50 **

Adjusted R-squared:  0.521

Kavacik

d ln emp   0.7 27   0.99

d ln v -0.139 -0.89

d ln stc   0.118   3.23 **

ε(t – 1) -0.29 -3.30 **

Adjusted R-squared:  0.222

Kozy atagi

d ln emp   0.291   0.30

d ln v   0.221   0.87

d ln stc -0.004 -0.12

ε(t – 1) -0.454 -3.64 ***

Adjusted R-squared:  0.199

Maslak

d ln emp   1 .499   1 .67

d ln v   0.220   1 .09

d ln stc   0.07 2   3.47 **

ε(t – 1) -0.499 -4.46 ***

Adjusted R-squared:  0.368

Um raniy e

d ln emp   0.358   0.44

d ln v   0.255   2.27 *

d ln stc -0.028 -0.67

ε(t – 1) -0.511 -4.45 ***

Adjusted R-squared:  0.309

A Class 

Coefficients t  value 

Levent 

d ln emp   1 .599   1 .00

d ln v   0.267   0.60

d ln stc   0.013   0.69

ε(t – 1) -0.201 -1 .95 .

Adjusted R-squared:  0.049

Altunizade 

d ln emp   2.842   2.11 *

d ln v -0.192 -0.46

d ln stc -0.057 -1 .06

ε(t – 1) -0.465 -3.93 ***

Adjusted R-squared:  0.262

Basin Ekspres

d ln emp   1 .845   1 .24

d ln v   0.151   0.21

d ln stc   0.018   0.14

ε(t – 1) -0.230 -2.19 *

Adjusted R-squared:  0.068

Esentepe

d ln emp   1 .860   2.13 *

d ln v -0.040 -0.36

d ln stc   0.054   1 .98 .

ε(t – 1) -0.541 -4.36 ***

Adjusted R-squared:  0.309

Kav acik

d ln emp   3.150   0.00 ***

d ln v -0.155   0.40

d ln stc   0.116   0.01 *

ε(t – 1) -0.423   0.00 ***

Adjusted R-squared:  0.385

Kozy atagi

d ln emp   1 .620   1 .39

d ln v -0.091 -0.28

d ln stc   0.033   1 .02

ε(t – 1) -0.230 -2.02 *

Adjusted R-squared:  0.058

Maslak

d ln emp   0.541   0.37

d ln v   0.058   0.17

d ln stc -0.021 -0.7 7

ε(t – 1) -0.585 -4.05 ***

Adjusted R-squared:  0.258

Um raniy e

d ln emp -2.656 -1 .33

d ln v   0.458   1 .83 .

d ln stc   0.041   0.82

ε(t – 1) -0.449 -3.53 **

Adjusted R-squared:  0.239

B Class 



 

 


