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Abstract: 

Turkish automotive industry achieved a remarkable growth in the last two decades. This 

growth has been led by three closely located northwest cities of the country; namely Bursa, 

Kocaeli and Sakarya. The first purpose of this study is signposting the geographical 

concentration of automotive industry in Turkey. The second goal of the study is to find out 

the determinants of the location-choices of automotive producers in Turkey by using export 

of motor vehicles and related industry products figure at city level as dependent variable. The 

results show that there is geographical concentration of the automotive industry. The 

existence of motorway structure and number of motor vehicles per thousand citizens are the 

most significant factors to determine the location choices of automotive producers in Turkey.  
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1. INTRODUCTION 

Turkish automotive industry’s development can be traced back to mid-1960s when production 

for market was started for the first time. Turkey pursued import-substitution policy that aims 

to replace the import goods with domestically produced goods until the beginning of 1980s. 

After the economic reforms in 1980, Turkey left import-substitution policy and Turkish 

automotive industry has become one of the industries that attract the most Foreign Direct 

Investment (FDI). Companies which are engaged with foreign investment at different levels 

in automotive industry produce passenger cars, light commercial vehicles (LCVs), buses, and 

trucks in 9 cities of Turkey. Appendix 1 shows where the firms are located and the amount of 

production they achieved in 2007. As it can be seen from appendix 1, production of passenger 

cars and LCVs constitutes 96.3% of all automotive industry production in Turkey, and 95.7% 

of all automotive industry production in 2007 has been achieved in cities of Bursa, Kocaeli 

and Sakarya according to the General and Statistical Information Bulletin of Automotive 

Manufacturers Association. These three northwest cities are not far from each other more than 

200 kilometers and they have become hub of the automotive production in Turkey. 

The region hosts six plants, namely Ford-Otosan, Honda Turkey, Hyundai Assan, Oyak-

Renault, Tofas-Fiat and Toyota, which produces 93.9% of all automotive production in 

Turkey. Since all automotive producers are engaged with foreign investment, Turkish 

automotive production is also important in international context. The exports of Turkish 

automotive sector reached 1.8% of all world exports in automotive industry in 2005 according 

to the special committee report for Automotive Industry by State Planning Organization of 

Turkey. Turkey has become 16th largest vehicle producers in the world and exports of 

automotive producers reached to 17,3 billion USD in 2010 according to Hurriyet Daily News. 

Turkey exported 73.6% of all automotive production in 2007 and Automotive Manufacturers 

Association Bulletin reports more than two-thirds of the exports are shipped to EU and EFTA 

countries. According to The European Commission's Directorate-General for Trade, Turkish 

transport equipment export to the EU is the greatest part of Turkish exports to the EU. Import 

of transport equipment of the EU from Turkey constitutes 24.2% of all imports of the EU 

from Turkey and it exceeded the amount of 11,1 billion EUR in 2008. This figure corresponds 

to 8.8% of the EU’s total import. 

 



Labor cost advantage and growing domestic market attract new investors to Turkish market. 

The Chinese auto manufacturer Chery and Japan’s Nissan continue to their preparations to 

launch production plants in Turkey while BMW considers Turkey as one of the candidates for 

a new plant according to Hurriyet Daily News. Their location-choice decisions along with the 

existing plants in Turkey is an interesting question to study on since automotive industry is 

known as an industry that demonstrates the pattern of clustering in a city or a region.  

Regional preferences of automotive industry and its determinants for localization in Turkey 

have not been investigated too much. Instead of a special interest on the industry which gives 

the signals of high concentration, Turkish automotive industry is categorized under 

manufacturing industry and involved in the analyses of regional preferences of foreign 

investors. The purposes of the research are to demonstrate the geographical concentration of 

automotive industry in Turkey and to provide a special look into the determinants of location 

choices of automotive producers in Turkey. I would not propose an exceptional explanation 

for the phenomenon rather than testing the current literature’s applicability on Turkish 

automotive industry. 

My research continues with theoretical framework in which literature review and theoretical 

background are discussed. After introducing my hypotheses in the end of theoretical 

framework, I will provide brief information about data collection, creation and selected 

statistical methods to test the hypotheses. The paper will carry on with empirical analysis of 

data, interpretation of results and testing for potential problems of the regression analysis. 

After discussing different methods’ results, the paper will end with concluding remarks 

section that includes some recommendations for further studies.  

 

 

 

 

 

 



2. THEORETICAL DISCUSSION 

I will start to this section by introducing the literature that I benefited in this study. This 

literature review will be followed by setting the theoretical framework and the section will 

end with the statement of the hypotheses which will be elaborated in the third section. 

2.1 Background 

There is a wide range of literature related to the location choice of automotive producers. 

However, instead of focusing on automotive industry directly, most of the literature examines 

the industry at a secondary level and it uses automotive sector as an example of their 

argumentations in manufacturing sector. On the other hand, few studies particularly focus on 

the automotive industry but in country bases. 

One of the most cited studies on the subject is Smith and Florida’s agglomeration and 

industrial location of Japanese-affiliated manufacturing establishments in automotive related 

industries. Smith and Florida (1994) argues that Japanese automotive-related manufacturing 

establishments preferred to locate in the regions with close proximity to other Japanese 

automotive establishments, with larger populations, with a higher manufacturing density, with 

a more educated labor force and with better transportation facilities. Head et al. (1995) also 

confirms Smith and Florida’s finding regarding to Japanese automotive manufacturing 

investment chooses to locate close to other Japanese investments. 

In their widely-cited article on trends and patterns of European foreign investment in Turkey, 

Tatoglu and Glaister (1996) display how European investment decisions vary between service 

sector and manufacturing sector investments. They conclude that European FDI directs to the 

regions where manufacturing activities dense and massive infrastructure developments such 

as motorways are provided. 

In their article on the regional determinants of foreign direct investment in Turkey, 

Deichmann et al. (2003), by using a conditional logit model, find out that agglomeration, 

depth of financial markets, human capital, and coastal access are the main determinants of 

foreign investors when they choose a location over another in Turkey. 

In a study on the micro foundations of agglomeration economies for U.S. manufacturing 

industries, Rosenthal and Strange (2001) finds out that labor market pooling, knowledge 



spillovers, and natural resources have positive effect on agglomeration at different geographic 

levels (Rosenthal and Strange, 2001). In addition to Marshall’s agglomeration forces (labor 

market pooling, input sharing, and knowledge spillovers); Strange (2008) adds greater 

availability of consumer amenities in large cities, natural advantage, and internal economies 

of scale as the complementary sources of agglomeration economies and gives automobile 

manufacturing as a notable example of industrial clustering. 

Berkoz and Turk (2007) examines the factors influencing the choice of foreign direct 

investment location decisions in Turkey and finds out that population growth in the provinces, 

previous manufacturing investment, infrastructure, amount of bank credit, and local market 

growth determine the location choice of foreign investors in Turkey. Brakman et al. (2009) 

also discusses a relevant argument to local market growth. They highlight that home-market 

effect plays a role when a region becomes a net exporter of a good.  

Porter (1998a) draws attention to another aspect, the role of geographic concentration and 

argues that many internationally successful competitors are often located in a single town or 

region and gives German automobile industry as an example to his argument. According to 

Porter, “a region could be successful in a particular industry since the location has the most 

sophisticated buyers, well-developed local supplier base and possession of unique factor 

creating mechanism”.  

As I mentioned before there is sufficient literature written on location choice of investors in a 

country. Nonetheless, literature is often concentrated on all sectors without taking into 

consideration whether the sector is manufacturing one or not. Some of the literature is focused 

on automotive sector, but they are moving from a country-specific perspective. My goal in 

this paper, besides demonstration of geographical concentration of automotive industry, is 

trying to use the perspective from aforementioned literature and find out the determinants of 

location choices of automotive producers in Turkey.  

2.2 Theoretical Framework 

Deichmann et al. (2003) argues that the agglomeration of multinational firms plays a role in 

the location-choices of prospective entrants. Entry of other multinational firms into a region 

encourages the prospective foreign investors to choose the same region as the previous 

entrants since the existence of multinational firms indicate potential opportunities to exploit in 



the region (Guimaraes et al., 2000). Myrdal (1957) describes the agglomeration economies as 

“the more firms locate in a region, the more diversified the local labor market becomes, the 

more supplier can specialize, the higher local demand, the better infrastructure, the more 

attractive the region becomes for newcomers”. From Myrdal’s description Boschma and 

Wentig (2007) proves that agglomeration economies become more influential as the number 

of local firms increase. 

Deichmann et al. (2003) also argues that coastal location can be a measure of accessibility and 

multinational firms might prefer to invest where there is a coastal access. Same issue has been 

mentioned in other research. Both Rosenthal&Strange (2001) and Ellison&Glaeser (1999) 

demonstrated that natural advantage can affect the locations decisions of firms since shipping 

cost can be minimized due to this advantage. In fact, the importance of natural advantage is 

can be traced to Marshall’s Principles of Economics. Marshall (1920) lists physical conditions 

such as climate, soil, existence of mines, easy access by land or water as the major reasons for 

localization of industries.   

Smith and Florida (1994) also discusses the importance of transportation network when 

investment decisions are made. As they mentioned industrial geography consider 

transportation access to market important and they emphasize that transportation plays an 

important role for Japanese industry when they choose a place over another to invest. The 

importance of transportation network is mentioned by other scholars. Krugman (1998) puts 

forward the idea that “when a location -regardless the reason- has a concentration in 

production, it will lead that location to be the center of the transportation network and this 

advantage will reinforce the region’s situation to be a production location”.  

Another factor that affects the location choices of manufacturing industry is the domestic 

demand for the products that they produce. In this context, distance to great cities in a country 

can play a decisive role when manufacturing industry since those cities probably constitute 

the great deal of domestic demand in the country. As Porter (1998) argued a region’s success 

in a particular industry can be explained by the existence sophisticated buyers in a region and 

this leads to increased market strength of a region. 

Brakman et al. (2009) argue that if a region has relatively high demand for a particular 

product and this demand enables a more than proportional increase in production of it and 

makes the region a net exporter of it. As Deichmann et al. (2003) mentions that local market 



measures such as population, GDP, GDP per capita and GDP growth are mainstream sub-

national determinants for foreign investment. 

In the light of literature review and a theoretical framework, I could introduce the hypotheses 

derived from the theoretical background. 

2.3 Hypotheses 

a. The higher number of multinational firms operating in automotive industry in a city 

leads to higher number of automotive producers in that city due to agglomeration economies. 

b. The accessibility of seaports contributes to clustering of automotive producers in a 

city. Thus, if a city has higher accessibility to a seaport, it leads higher clustering of 

automotive producers in that city. 

c. The existence of motorways indicates a better transportation infrastructure and it 

leads to clustering of automotive producers in a city where transportation via motorway is 

possible. 

d. Since Istanbul is the industrial and commercial core of the country, it is likely that 

automotive producers will locate in or nearby Istanbul metropolitan area in order to decrease 

transportation cost.  

e. Local market strength can affect the location choice of automotive producers since 

they represent the domestic demand for automotive products in Turkey. In this context, it is 

predicted that automotive producers might locate to the cities where local market strength is 

strong.  

 

 

 

 

 

 



3. DATA AND STATISTICAL METHOD 

This section is devoted to inform the reader about the sources of collected data, the difficulties 

encountered during data collection and modifications that have been done before running the 

regression. Moreover, I will give a short introduction on statistical methods that will be used 

for empirical analysis. 

3.1 Data Collection  

Empirical analysis in this study bases on cross-sectional data. Since I need data at city-level 

(81 cities), Turkish resources offer wider variety than international databases such as World 

Bank, IMF or Eurostat. It is possible to reach various statistics databases at city-level through 

the web pages of different governmental or semi-governmental organizations in Turkey. The 

web pages that I benefit from are Turkish Exporters’ Assembly (TIM), Republic of Turkey 

Prime Ministry - Undersecretariat of Treasury, Automotive Manufacturers Association 

(OSD), Republic of Turkey Ministry of Transport and Communication - General Directorate 

of Highways, and Turkish Statistical Institute (TurkStat) – Regional Statistics Unit. The 

organizations I benefited from and the kind of data I retrieved from those sources are 

presented in the appendix 2. 

3.2 Data Modification and Presentation of Variables 

The main difficulty that I encountered during data collection was to decide on what data to 

use as dependent variable. In literature, a common way to control location decision choices is 

using employment statistics in automotive industry or using a kind of census of local industry 

and business units in automotive industry. A census by TurkStat -General Census of Industry 

and Business Local Units Provinces- is available, however, this census is conducted in 2002 

and their results are presented at regional level instead of city-level. After investigating most 

of the resources related to topic, I could come up with “export of motor vehicles and related 

industry” data from 2007 which is released by TIM to substitute General Census of Industry 

and Business Local Units Provinces of TurkStat. At first, this data might seem inadequate or 

inapplicable to test the location decisions of automotive producers in Turkey. Nevertheless, 

this data becomes plausible when we take into consideration that 73,6% of all automotive 

production in 2007 is exported according Automotive Manufacturers Association Bulletin. 



Thus, city-level export of motor vehicles and related industry data by TIM can be used as 

dependent variable which actually demonstrates the location-choice decisions of automotive 

producers in Turkey. 

Another issue regarding data is the modification of the existing data. Accessibility to ports is 

an important element of the study since 94% of automotive export is achieved by sea 

transportation according to Aksam newspaper which bases its news on Automotive Strategy 

Document by Republic of Turkey - Ministry of Industry and Trade. Automotive Logistic Plan 

for Marmara Region which was prepared by Koc University for Automotive Manufacturers 

Association in 2008 is a research paper that gives units of auto handling for the seaports in 

Marmara region (in cities of Bursa and Kocaeli) where almost all motor vehicle export is 

handled in Turkey in 2007.  Accessibility to port for each city or market potential for each 

city in units (mpj)* is calculated with a simple formula in the following:  

   mp(j) = (A/Da) + (B/Db) 

 where 

mp(j) = Market potential for city j 

A = Handling of auto export from Bursa seaports 

Daj = Distance to Bursa from city j 

B = Handling of auto export from Kocaeli seaports 

Dbj = Distance to Kocaeli from city j 

The computed mp(j) gives the market potential in units of vehicle and it can also be named as 

accessibility to port for each city.  

In the previous section I introduced the dependent variable and an independent variable in 

order to let the reader be aware of data collection and data creation processes. The following 

table presents all dependent and independent variables. 

 

 

* I thank to Johan Klaesson for his help in the computation of market potential for each city 



E-view name Variable Description Measurement Expected sign 

export Dependent Export of motor 

vehicles and 

related industry 

 

 

In USD 

 

 

mnf Independent Companies with 

foreign capital in 

automotive 

industry  

 

In units of firms 
+ 

mp Independent Accessibility to 

ports – Market 

potential 

In units of 

vehicles 
+ 

dummy Independent Transportation 

infrastructure 

 

1 = existence  of 

motorway 

0= no existence 

of motorway 

+ 

distist Independent Distance to 

Istanbul 

 

In kilometres 
- 

mvehicle Independent Motor vehicle 

per thousand 

residents 

In units of 

vehicles 
+ 

Table 1: Disposition of variables  

As it can be seen from Table 1, “export” represents the figure of export of motor vehicles and 

related industry products at city level in USD, thus it also demonstrates the location-choice 

decisions of automotive producers in Turkey. Number of companies operating in automotive 

industry with foreign capital at city level is represented with “mnf”. Market potential -“mp” 

represents the accessibility of cities to seaports and expressed in units of vehicles. Dummy 

variable demonstrates whether there is motorway structure in the city or not and it takes the 

value of 1 for yes, and 0 for no. Distist shows the distance to the industrial and commercial 



core of Turkey - Istanbul in kilometres. Number of motor vehicles per thousand residents 

(mvehicle) is used to test the importance of domestic market. Initially GDP per capita is 

planned to be used for measuring domestic market strength. However, GDP per capita at city 

level has not been released since 2001. Moreover, I think number of motor vehicles per 

thousand residents is a better measurement since it gives a better picture of domestic demand. 

According to a working paper by MIT’s Industrial Performance Center, market penetration 

(people/car) for Turkey in 1995 is much higher than western industrialized countries, 

respectively 21 for Turkey and less than 5 for western countries. This displays that Turkish 

domestic automotive market has a room to expand, thus I believe that the number of motor 

vehicle per thousand residents is an important measure to find out market strength.  

According to the expected signs mentioned in Table 1, I can repeat my hypotheses to be 

tested as they follow: 

1. The number of multinational companies operating in automotive industry with foreign 

capital has positive effect on export of motor vehicles and related industries.          

(Ho: β2=0 and H1: β2>0) 

2. Higher market potential means better accessibility to ports and it has positive effect on 

export of motor vehicles and related industries. (Ho: β3=0 and H1: β3>0) 

3. If there is a motorway infrastructure in a city, it has positive effect on export of motor 

vehicles and related industries.  (Ho: β4=0 and H1: β4>0) 

4. If a city is located far from the industrial and commercial core Istanbul, that city’s 

location has negative effect on export of motor vehicles and related industries of that 

city. (Ho: β5=0 and H1: β5<0) 

5. If the ownership of motor vehicle is high in a city, it has positive effect on export of 

motor vehicles and related industries for that city.  (Ho: β6=0 and H1: β6>0) 

 3.3 Statistical Method 

A multiple regression will be run by using Ordinary Least Square (OLS) estimation method 

which bases on minimizing the sum of the squares of the residuals. Since it is an analysis 

based on cross-sectional data, heterogeneity might be a problem. Thus, “the user of the cross-

sectional data should be aware of the risks generated by size and scale effect” (Gujarati, 

2003). To eliminate those effects, I derive benefit from log transformations by taking natural 



log (ln) of some variables with great size. By doing so, I reach results that are easy to interpret 

and get a regression line which has a better fit without including extra independent variables. 

In regression analysis, the log transformation choice allowed me to refrain from heterogeneity 

problem which might be generated by huge export figures of motor vehicles in USD and 

market potential figures in units of vehicle.  

After discussing OLS results, the Tobit model will be used to control the robustness of the 

results of OLS regression. The Tobit model is used when dependent variable is not observed 

in all data set. If the non-observed dependent variables are ignored, the results based on 

observed part of dependent variable can lead us to be biased and inconsistent (Gujarati, 2003). 

Thus, the Tobit model in which the left-hand side is censored to 0 is applied in order to check 

the robustness of the results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. EMPIRICAL ANALYSIS  

In this section I firstly will present some results that indicate geographical concentration of 

automotive industry in Turkey before proceeding to regression analysis. Afterwards, 

regression analysis will be conducted by testing them according to the different econometric 

models mentioned in the previous section. The analysis will continue with interpretation of 

the results, control for common problems encountered at the regression analysis and finally 

end up with evaluating the results of the regression.  

4.1 Evidence for geographical concentration of automotive industry  

It is possible to demonstrate regional concentration of an industry by using adjusted 

agglomeration index. Adjusted agglomeration index is computed by using G - raw measure 

for geographical concentration and H - industry concentration, which is called Herfindahl 

index. In order to calculate H- Herfindahl index, data such as employment within a firm and 

total employment in all the plants in the specific industry are needed. However, G is easier to 

calculate since total industry employment and aggregate employment at regional level is 

enough for the computation (Devereux et al. 2004). Similarly, location quotient (LQ) is also 

another type of computed value which displays regional concentration of an industry. The 

formula used for calculations of G and LQ can be found in the appendix 3.  

Although TurkStat’s General Census of Industry and Business Local Units Provinces are from 

2002, it still tells a lot about the existence of the concentration in automotive industry at the 

regional level. This census provides total industry employment in manufacture of motor 

vehicles, trailers and semi-trailers (with industry code 34) and aggregate employment for 26 

regions of Turkey which enable to compute G and LQ. Since employment data at firm-level is 

not available, I could not compute H and agglomeration index. However, agglomeration index 

is related to G and both indices follow each other in the results at different stages of 

significance. Thus, the computed value of G – which is 0.14 for motor vehicle industry in 

Turkey - indicates that there is some sort of agglomeration for automotive industry across 

Turkey in 2002. Similarly, LQ shows that regions such as TR41 which includes Bursa, and 

TR42 which includes Kocaeli and Sakarya have much higher LQ values respectively 6.19 and 

4.08 compared to other regions of Turkey. Computed LQ values for all regions can be found 

as appendix 4. 



4.2 Regression Model and Results 

This sub-section is devoted to have a special look into the determinants of location-choices of 

automotive manufacturers in Turkey. I will start with presenting some descriptive statistics 

and later continue to the analysis with the results received from two different estimation 

methods, namely OLS and the Tobit model. 

4.2.1 Descriptive Statistics  

The correlation matrix which is generated by E-view presents some preliminary results 

regarding to relation between variables. 

 
EXPORT MNF MP DUMMY DISTIST MVEHICLE 

EXPORT 1,00 0,36 0,31 0,43 -     0,26 0,41 

MNF 0,36 1,00 0,45 0,40 -     0,35 0,30 

MP 0,31 0,45 1,00 0,37 -     0,89 0,58 

DUMMY 0,43 0,40 0,37 1,00 -     0,33 0,31 

DISTIST -     0,26 -     0,35 -     0,89 -     0,33 1,00 -      0,72 

MVEHICLE 0,41 0,30 0,58 0,31 -     0,72 1,00 
Table 2: Correlation Matrix 

In Table 2, export of motor vehicles and related industries (export) and market potential (mp) 

data are logged since the logged values will be used in regression analysis. As it can be seen 

from the correlation matrix, distance to Istanbul (distist) is strongly negatively correlated with 

the market potential (mp) and the number of motor vehicles per thousand residents (mvehicle) 

variables. While the distance to Istanbul data is negatively correlated with all other variables, 

rest of the other variables seem to be positively correlated. More descriptive statistics can be 

found in the appendix 5. 

4.2.2 The econometric model with OLS estimation 

As I mentioned in the previous chapter, a model with logarithmic transformation is used to 

analyse the data in order to avoid problems that cross-sectional data might evoke due to size 

and scale effect. By using the following model and the Table 4; 

ln(export) = β1 + β2*mnf + β3*ln(mp)+ β4*dummy + β5*distist + β6*mvehicle 

 

 



Dependent Variable: LOG(EXPORT)  

Method: Least Squares   

Date: 05/13/11   Time: 18:37   

Sample (adjusted): 1 80   

Included observations: 68 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -11.07977 9.887833 -1.120546 0.2668 

MNF 0.077064 0.034909 2.207573 0.0310 

LOG(MP) 2.274352 1.095059 2.076923 0.0420 

DUMMY 2.018370 0.993324 2.031934 0.0465 

DISTIST 0.005686 0.002352 2.417643 0.0186 

MVEHICLE 0.034168 0.012287 2.780801 0.0072 
     
     R-squared 0.384710     Mean dependent var 14.19610 

Adjusted R-squared 0.335089     S.D. dependent var 4.027267 

S.E. of regression 3.283916     Akaike info criterion 5.300048 

Sum squared resid 668.6147     Schwarz criterion 5.495887 

Log likelihood -174.2016     Hannan-Quinn criter. 5.377645 

F-statistic 7.753083     Durbin-Watson stat 2.113527 

Prob(F-statistic) 0.000010    
     
     

Table 3: E-view output for the model with OLS 

The estimated regression function can be written as it follows: 

ln(export) = -11.07977 + 0.077064*mnf + 2.274352*ln(mp)+ 2.018370*dummy + 

0.005686*distist + 0.034168*mvehicle 

Since the hypotheses are one-sided, I can reject all null hypotheses with a p-value smaller 

than 0.05. As it can be seen from Table 3, all p-values are smaller than 0.05. Thus, I can 

conclude that the estimated coefficients are statistically different than zero, in other terms 

statistically significant. Therefore, all hypotheses are validated by the model and there is a 

relation between the independent variables and the dependent variable. However, the most 

interesting finding is the sign of distist variable. I hypothesized that distance to industrial and 

commercial core of the country might have negative effect on export of motor vehicles and 

related industry products. However, the estimation results propose that distance might have 

positive effect on exports. On the other hand, this coefficient does not have economic 

significance since the numerical value of the coefficient is quite small (0.005686) in spite of 

its statistical significance (Greenlaw, 2006).  

In the model, mp and dummy variables have the most economically significant coefficients. 

When coefficient of mp is interpreted, we can conclude that if accessibility to port in the form 

of market potential increases 1%, all else equal, export of motor vehicles and related industry 



products increases by 2.28% on average.  The result with dummy variable is the most drastic 

one. In log-dummy model, the effect of the existence of motorway infrastructure can be 

calculated by using Halvorsen’s semi-elasticity approach. Thus, it can be said that if dummy 

increases by 1 unit (it is to say that if we have observations in cities with motorway 

infrastructure), all else equal, we might expect that that export of motor vehicles and related 

industry products increases by 652.6% on average. Both of these interpretations can be made 

at 5% level of significance since their p-values are significant at this level. 

The explained part of the variation in the model can be measured by the R-square value in E-

view output. Since it is computed as 0.384710, we can conclude that 38.47% of the variation 

in the model is explained by the independent variables. However, theoretical expectations and 

hypothesis testing should be considered as well and the role of R-square and should not be 

exaggerated since R-square is often low in cross-sectional data analysis.  

 4.2.3 Tests for controlling for potential problems of regression analysis: 

Multicollinearity:  

Multicollinearity means correlation among the independent variables in a multiple regression 

model (Wooldridge, 2006). Variance Inflation Factor (VIF) is one of the ways in E-view 

software to detect whether there is multicollinearity or not. Centered VIF is the ratio of the 

variance of the coefficient estimate from the original equation divided by the variance from a 

coefficient estimate from an equation with only independent variable and a constant (EViews 

7 User’s Guide II). Gujarati (2003) gives a rule of thumb saying that if the VIF of a variable 

exceeds 10, that variable is said to be highly collinear.  

Variance Inflation Factors  

Date: 05/13/11   Time: 18:40  

Sample: 1 81   

Included observations: 68  
    
     Coefficient Uncentered Centered 

Variable Variance VIF VIF 

    
    C  97.76923  616.4913  NA 

MNF  0.001219  1.528257  1.429319 

LOG(MP)  1.199153  388.2188  5.636266 

DUMMY  0.986694  1.738408  1.252676 

DISTIST  5.53E-06  28.77073  6.776380 

MVEHICLE  0.000151  13.46269  2.043006 

    
    

Table 4: E-view output for VIF 



As it can be seen from Table 4, none of the centered VIF values are higher than 10. Thus, I 

can claim that multicollinearity is not a problem for independent variables of the model.  

Heteroscedasticity:  

Heteroscedasticity is the situation in which the variance of error term is not constant 

(Wooldridge, 2006). Since we pursue a constant variance, we should test the model to find out 

whether this assumption is met or not. White’s test is one of the most popular tests to find out 

whether there is heteroscedasticity or not in the residuals. If our hypotheses are stated as they 

follow: 

Ho: Homoscedasticity 

Ha: Heteroscedasticity 

Heteroskedasticity Test: White  
     
     F-statistic 0.947235     Prob. F(19,48) 0.5335 

Obs*R-squared 18.54356     Prob. Chi-Square(19) 0.4864 

Scaled explained SS 19.32022     Prob. Chi-Square(19) 0.4365 

 

Table 5: E-view output for heteroscedasticity 

The easiest and the fastest way in E-Views to conduct White’s heteroscedasticity test is 

checking the p-value of (Obs*R-squared) in Table 5. As it can be seen from the table, p-value 

for (Obs*R-squared) equals to 0.4864 and greater than 0.05. Thus, null hypothesis cannot be 

rejected and I can argue that there is homoscedasticity in the residuals at 5% significance 

level. Full results of White’s heteroscedasticity test can be found in the appendix 6.  

Normality: 

Another classical linear model assumption is called normality assumption and it states that the 

error has normal distribution as well (Wooldridge, 2006). In order to achieve normality 

assumption, residuals should follow a pattern that looks like a normal distribution.  Normality 

assumption can be controlled by using Jarque-Bera test. Histogram regarding normality test of 

the model can be found in the appendix 7. This test gives the results of Jarque-Bera statistic 

4.636236 with a p-value of 0.098459. If we state our hypotheses as they follow: 

Ho: Normally distributed residuals  

Ha: Not normally distributed residuals 



I conclude that Ho cannot be rejected since the p-value for Jarque-Bera is higher than 0.05. 

Thus, I cannot argue that the residuals are non-normal at the 5% level of significance. 

Regression Specification Test for Functional Form Misspecification - RESET is the 

applicable only to an equation estimated by least squares method and it is only a test for 

functional form (Wooldridge, 2006). If we state our hypotheses as they follow: 

Ho: The model is correctly specified 

Ha: The model is no correctly specified 

 
Ramsey RESET Test   

Equation: UNTITLED   

Specification: LOG(EXPORT) C MNF LOG(MP) DUMMY DISTIST 

        MVEHICLE   
 
Omitted Variables: Squares of fitted values  

     
      Value df Probability  

t-statistic  0.098678  61  0.9217  

F-statistic  0.009737 (1, 61)  0.9217  

Likelihood ratio  0.010854  1  0.9170  
     

Table 6: E-view output for RESET for functional forms misspecification 

As it can be seen from Table 6, when number of fitted terms to include in the test regression is 

one, I cannot reject the null hypothesis and claim that the model is correctly specified at the 

5% level of significance since p-value of F-statistics 0.9217 is greater than 0.05. (Full results 

of Ramsey’s RESET test can be found in the appendix 8). The result has not changed even the 

number of fitted terms to include in the test regression are increased. 

4.2.4 The econometric model with the Tobit Model: 

When the dependent variables- export of motor vehicles and related industry products- are 

controlled at city level, only 68 cities are included in OLS analysis since 13 cities do not have 

any export of motor vehicles and related industry products. Although, OLS results still tells a 

lot about the determinants of location-choice of automotive production firms, they might be 

biased and inconsistent since they do not include a subset with 13 cities out of 81 cities in 

Turkey. When the observations with zero export figures are included in the Tobit model, the 

following results are received from E-views by using the same functional form.  

 



Dependent Variable: LOG(EXPORT)  

Method: ML - Censored Normal (TOBIT) (Quadratic hill climbing) 

Date: 06/02/11   Time: 12:12   

Sample: 1 81    

Included observations: 81   

Left censoring (value) at zero  

Convergence achieved after 4 iterations  

Covariance matrix computed using second derivatives 
     
     Variable Coefficient Std. Error z-Statistic Prob.   
     
     C -24.07058 17.85598 -1.348041 0.1776 

MNF 0.061892 0.064200 0.964063 0.3350 

LOG(MP) 2.845724 1.975979 1.440159 0.1498 

DUMMY 4.591043 1.812007 2.533679 0.0113 

DISTIST 0.008302 0.004270 1.944131 0.0519 

MVEHICLE 0.070722 0.021907 3.228298 0.0012 
     
      Error Distribution   
     
     SCALE:C(7) 6.098586 0.551903 11.05011 0.0000 
     
     Mean dependent var 11.91789     S.D. dependent var 6.408875 

S.E. of regression 5.430301     Akaike info criterion 5.983334 

Sum squared resid 2211.613     Schwarz criterion 6.190262 

Log likelihood -235.3250     Hannan-Quinn criter. 6.066356 

Avg. log likelihood -2.905247    
     
     Left censored obs 13      Right censored obs 0 

Uncensored obs 68      Total obs 81 
     
     

Table 7: E-view output for the Tobit model 

As it can be seen from Table 7, the existence of motorway infrastructure (dummy) and the 

number of motor vehicles per thousand residents (mvehicle) are still both statistically and 

economically significant at 5% level of significance. On the other hand, accessibility to port 

as a market potential indicator (mp) is only significant at 15% level of significance. Number 

of multinational firms operating in automotive industry (mp) variable loses its explanatory 

power in the Tobit model. 

4.2.5 Evaluation of Results 

The results that I received after running the model with OLS estimation method are quite 

satisfactory. Out of 81 cities, regression analysis is conducted in 68 cities level since 13 cities 

do not have export of motor vehicle industry. They are consistent with economic theory that I 

initiated in theoretical framework. Although all coefficient estimates are significant, 

accessibility of ports and infrastructure seem to be very important determinants in location 

choice decisions of manufacturing industry for the OLS method. Similar results have been 



presented by various researchers such as Tatoglu&Glaister (1996) and Berkoz&Turk (2007) 

who conducted their studies on location-choices of foreign direct investment in Turkey. 

Moreover, the econometric model meets much of the assumptions that have to hold for a good 

regression. Classical regression assumptions are not violated since there is no 

multicollinearity and heteroscedasticity problem. In addition to them, normality and 

functional form specification tests (RESET) provided affirmative results.  

However, the results differ after implementing the Tobit model which includes the dependent 

variables with zero values.  

Explanatory variable   OLS   Tobit  

 
coefficient p-value coefficient p-value 

mnf 0,077 0,031 0,062 0,335 

mp 2,274 0,042 2,285 0,150 

dummy 2,018 0,047 4,591 0,011 

distist 0,006 0,019 0,008 0,052 

mvehicle 0,034 0,007 0,071 0,001 
Table 8: Comparison of results 

As it can be seen from Table 8, actual signs of the Tobit model’s coefficients do not differ 

from the initial OLS model. However, independent variables -number of multinational firms 

(mnf) in automotive industry, market potential (mp), and distance to Istanbul (distist)- are not 

significant 5% significance level. On the other hand, the existence of motorway infrastructure 

and the number of motor vehicles per thousand residents –as a market strength indicator- 

continue to be significant 5% significance level with a higher coefficient value. Their higher 

coefficient value also indicates that they have increased economic significance in the Tobit 

model.  

 

 

 

 

 

 



5. CONCLUDING REMARKS 

One of the goals of the study was to demonstrate the geographical concentration of 

automotive industry in Turkey. By using regional employment statistics, I am able to signpost 

that there is a geographical concentration of automotive industry in northwestern region 

(Bursa, Kocaeli, and Sakarya) of Turkey.  

Another purpose of the study was to have a special look into the determinants of location 

choices of automotive industry producers in Turkey since most of the studies investigate the 

issue under the general rubric of manufacturing industry. When the hypotheses that are 

derived from previous literature are tested according to the OLS method and the Tobit Model, 

I can argue that the existence of motorways and number of vehicles per thousand residents are 

the most important factors that positively affect the location-choice decisions of automotive 

manufacturers in Turkey. Accessibility to ports is also another important determinant for 

location-choice despite its diminishing significance level with the Tobit model.   

The main drawback in the study is the insignificance of the relationship between the number 

of multinational companies in automotive industry and export of motor vehicles in a city after 

evaluating the Tobit model’s results. Another drawback is the relationship between exports of 

motor vehicles and distance to Istanbul which was proposed to have a negative relationship 

instead of positive one. However, this positive relationship has a small economic significance 

since its coefficient is small. 

I think the topic still deserves to be inquired further. I could recommend the prospective 

researchers who are interested in the topic try to expand the study for many countries. It also 

could be a wise idea to implement a logit model in which dependent variable is a qualitative 

response since most of the studies on location choice use this model. An application of a 

dynamic model might be interesting as well since it allows us to demonstrate the effect of 

previous years’ export of motor vehicles on the actual year’s export figures.  
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7. APPENDIX  

Appendix 1: Automotive Industry Production in Turkey in 2007 (excluding tractor) 

Location Company Product 
2007 Production 

- in units 
Share in 

production 

Adana Temsa Bus 806 0,1% 

Adana Temsa Midi-bus 1.426 0,1% 

Adana Temsa Truck 3.133 0,3% 

Adana Temsa Light trucks 3.963 0,4% 

Total Adana 9.328 0,8% 

Aksaray M. Benz Turkey Truck 6.931 1,5% 

Total Aksaray 16.008 1,5% 

Ankara MAN Turkey Bus 2.069 0,2% 

Ankara MAN Turkey Truck - 0,0% 

Total Ankara 2.069 0,2% 

Bursa KARSAN Light trucks 3.824 0,3% 

Bursa Tofas Light trucks 110.136 10,0% 

Bursa KARSAN Midi-bus 4.253 0,4% 

Bursa KARSAN Mini-bus 1.550 0,1% 

Bursa Oyak Renault Passenger Car 263.656 24,0% 

Bursa Tofas Passenger Car 102.357 9,3% 

Bursa KARSAN Truck 93 0,0% 

Total Bursa 485.869 44,2% 

Eskisehir Ford Otosan Truck 6.031 0,5% 

Total Eskisehir 6.031 0,5% 

Istanbul M. Benz Turkey Bus 2.974 0,3% 

Total Istanbul 2.974 0,3% 

Izmir B.M.C. Truck 5.637 0,5% 

Izmir B.M.C. Light trucks 2.624 0,2% 

Izmir B.M.C. Mini-bus 965 0,1% 

Izmir B.M.C. Midi-bus 184 0,0% 

Izmir B.M.C. Bus 959 0,1% 

Total Izmir 10.369 0,9% 

Kocaeli A.I.O.S. Truck 2.930 0,3% 

Kocaeli A.I.O.S. Light trucks 2.984 0,3% 

Kocaeli A.I.O.S. Midi-bus 1.928 0,2% 

Kocaeli Askam Kamyon Truck 79 0,0% 

Kocaeli Ford Otosan Mini-bus 18.897 1,7% 

Kocaeli Ford Otosan Light trucks 261.025 23,8% 

Kocaeli Honda Turkey Passenger Car 23.663 2,2% 

Kocaeli Hyundai Assan Passenger Car 83.691 7,6% 

Kocaeli Hyundai Assan Light trucks 6.207 0,6% 



Kocaeli Hyundai Assan Mini-bus 292 0,0% 

Total Kocaeli 401.696 36,6% 

Sakarya Otokar Bus 106 0,0% 

Sakarya Otokar Light trucks 969 0,1% 

Sakarya Otokar Midi-bus 1.164 0,1% 

Sakarya Otoyol Midi-bus 350 0,0% 

Sakarya Otokar Mini-bus 295 0,0% 

Sakarya Toyota Passenger Car 161.516 14,7% 

Sakarya Otoyol Truck 235 0,0% 

Total Sakarya 164.635 15,0% 

 TOTAL Passenger car and LCV 1.057.919 96,3% 

TOTAL Bus and Truck 41.060 3,7% 

Grand TOTAL 1.098.979 100,0% 

 Export of Passenger car, LCV, Bus and Truck 808.830 73,6% 
Source: General and Statistical Information Bulletin of Automotive Manufacturers Association 

 

 

Appendix 2: Sources of variables   

 

Description           Source Year 

Export of motor 

vehicles and 

related industry 

Turkish 

Exporter’s 

Assembly (TIM) 

2007 

Companies with 

foreign capital  

Undersecretariat 

of Treasury 

2009

Accessibility to 

ports – Market 

potential 

Automotive 

Manufacturers 

Association 

2007

Transportation 

infrastructure 

 

(TurkStat) – 

Regional 

Statistics Unit 

2007



Distance to 

Istanbul 

General 

Directorate of 

Highways 

2007

Motor vehicle 

per thousand 

residents 

(TurkStat) – 

Regional 

Statistics Unit 

2007

 

 

Appendix 3: Calculation of raw measure for geographical concentration and location 

quotients 

G - Raw measure for geographical concentration can be computed by the following formula:

G 
   

     
 

      
  

 

Where 

G = raw measure for geographical concentration 

  
  = share of total industry employment in region i 

  
  = proportion of aggregate employment in region i 

 

LQ - Location quotients can be computed by the following formula: 

LQ = (Share of region’s employment in industry j to total employment in region) / (Share of 

total employment of industry j in country to total employment in country)  

 

 

 

 

 

 

 



Appendix 4: Results of calculation for location quotient 

Region 
Industry 

34 
Location 

Quotients 

TR10 (İstanbul) 34 1,23 

TR21 (Tekirdağ, Edirne, Kırklareli) 34 1,02 

TR22 (Balıkesir, Çanakkale) 34 0,06 

TR31 (İzmir) 34 1,59 

TR32 (Aydın, Denizli, Muğla) 34 0,13 

TR33 (Manisa, Afyon, Kütahya, Uşak) 34 0,49 

TR41 (Bursa, Eskişehir, Bilecik) 34 6,19 

TR42 (Kocaeli, Sakarya, Düzce, Bolu, Yalova) 34 4,08 

TR51 (Ankara) 34 0,88 

TR52 (Konya, Karaman) 34 1,47 

TR61 (Antalya, Isparta, Burdur) 34 0,05 

TR62 (Adana, Mersin) 34 0,33 

TR63 (Hatay, K.Maraş, Osmaniye) 34 0,14 

TR71 (Kırıkkale, Aksaray, Niğde, Nevşehir, Kırşehir) 34 0,78 

TR72 (Kayseri, Sivas, Yozgat) 34 0,10 

TR81 (Zonguldak, Karabük, Bartın) 34 0,13 

TR82 (Kastamonu, Çankırı, Sinop) 34 0,04 

TR83 (Samsun, Tokat, Çorum, Amasya) 34 0,09 

TR90 (Trabzon, Ordu, Giresun, Rize, Artvin, Gümüşhane) 34 0,06 

TRA1 (Erzurum, Erzincan, Bayburt) 34 0,01 

TRA2 (Agrı, Kars, Iğdır, Ardahan) 34 0,01 

TRB1 (Malatya, Elazığ, Bingöl, Tunceli) 34 0,04 

TRB2 (Van, Muş, Bitlis, Hakkari) 34 0,01 

TRC1 (Gaziantep, Adıyaman, Kilis) 34 0,17 

TRC2 (Şanlıurfa, Diyarbakir) 34 0,03 

TRC3 (Mardin, Batman, Şırnak, Siirt) 34 0,07 

 

Appendix 5: Descriptive statistics  

 

  EXPORT MNF MP DUMMY DISTIST MVEHICLE 

Mean 11,9 3,0 7,1 0,2 824,1 103,9 

Median 13,5 - 6,9 - 772,0 106,7 

Maximum 22,9 97,0 10,1 1,0 1.812,0 239,2 

Minimum - - 6,0 - - 22,2 

Std. Dev. 6,4 12,6 0,9 0,4 442,8 47,6 

Observations 81,0 81,0 81,0 81,0 81,0 81,0 

 



Appendix 6: Full output of White’s heteroscedasticity test 

Heteroskedasticity Test: White  
     
     F-statistic 0.947235     Prob. F(19,48) 0.5335 

Obs*R-squared 18.54356     Prob. Chi-Square(19) 0.4864 

Scaled explained SS 19.32022     Prob. Chi-Square(19) 0.4365 
     
          

Test Equation:    

Dependent Variable: RESID^2   

Method: Least Squares   

Date: 05/13/11   Time: 18:38   

Sample: 1 80    

Included observations: 68   

Collinear test regressors dropped from specification 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -525.5814 2162.308 -0.243065 0.8090 

MNF 7.496219 13.55079 0.553194 0.5827 

MNF^2 -0.072197 0.033776 -2.137508 0.0377 

MNF*(LOG(MP)) -0.404226 1.195890 -0.338013 0.7368 

MNF*DUMMY -1.516563 4.541557 -0.333930 0.7399 

MNF*DISTIST -0.010628 0.005442 -1.952961 0.0567 

MNF*MVEHICLE 0.026466 0.033399 0.792418 0.4320 

LOG(MP) 97.40018 448.5709 0.217134 0.8290 

(LOG(MP))^2 -5.513770 22.67278 -0.243189 0.8089 

(LOG(MP))*DUMMY -20.29781 19.17035 -1.058812 0.2950 

(LOG(MP))*DISTIST 0.084180 0.127325 0.661143 0.5117 

(LOG(MP))*MVEHICLE -0.044151 0.541864 -0.081480 0.9354 

DUMMY 245.1984 181.8070 1.348674 0.1838 

DUMMY*DISTIST -0.051739 0.048082 -1.076059 0.2873 

DUMMY*MVEHICLE -0.474918 0.242169 -1.961101 0.0557 

DISTIST -0.444408 1.103387 -0.402767 0.6889 

DISTIST^2 1.43E-05 0.000117 0.122426 0.9031 

DISTIST*MVEHICLE -0.000465 0.000872 -0.532502 0.5968 

MVEHICLE 0.990593 4.534534 0.218455 0.8280 

MVEHICLE^2 -0.001599 0.001343 -1.190008 0.2399 
     
     R-squared 0.272699     Mean dependent var 9.832568 

Adjusted R-squared -0.015190     S.D. dependent var 15.68288 

S.E. of regression 15.80154     Akaike info criterion 8.598021 

Sum squared resid 11985.06     Schwarz criterion 9.250817 

Log likelihood -272.3327     Hannan-Quinn criter. 8.856679 

F-statistic 0.947235     Durbin-Watson stat 2.335212 

Prob(F-statistic) 0.533526    
     
     

 

 

 

 

 

 



Appendix 7: Histogram for Normality Test  

 

 

 

Appendix 8: Full output of Ramsey’s RESET test 

Ramsey RESET Test   

Equation: UNTITLED   

Specification: LOG(EXPORT) C MNF LOG(MP) DUMMY DISTIST 

        MVEHICLE   

Omitted Variables: Squares of fitted values  
     
      Value df Probability  

t-statistic  0.098678  61  0.9217  

F-statistic  0.009737 (1, 61)  0.9217  

Likelihood ratio  0.010854  1  0.9170  
     
     F-test summary:   

 Sum of Sq. df 
Mean 

Squares  

Test SSR  0.106713  1  0.106713  

Restricted SSR  668.6147  62  10.78411  

Unrestricted SSR  668.5079  61  10.95915  

Unrestricted SSR  668.5079  61  10.95915  
     
     LR test summary:   

 Value df   

Restricted LogL -174.2016  62   

Unrestricted LogL -174.1962  61   
     
          

Unrestricted Test Equation:   

Dependent Variable: LOG(EXPORT)  

Method: Least Squares   

Date: 05/14/11   Time: 15:18   

Sample: 1 80    

Included observations: 68   
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Series: Residuals
Sample 1 80
Observations 68

Mean       4.82e-16
Median   0.227961
Maximum  5.779825
Minimum -9.552210
Std. Dev.   3.159007
Skewness  -0.587300
Kurtosis   3.506590

Jarque-Bera  4.636236
Probability  0.098459



Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -4.971763 62.69582 -0.079300 0.9371 

MNF 0.039664 0.380643 0.104203 0.9174 

LOG(MP) 1.507013 7.854155 0.191875 0.8485 

DUMMY 1.356857 6.778129 0.200182 0.8420 

DISTIST 0.003798 0.019279 0.197009 0.8445 

MVEHICLE 0.023025 0.113600 0.202689 0.8401 

FITTED^2 0.011503 0.116570 0.098678 0.9217 

     
     R-squared 0.384808     Mean dependent var 14.19610 

Adjusted R-squared 0.324297     S.D. dependent var 4.027267 

S.E. of regression 3.310460     Akaike info criterion 5.329300 

Sum squared resid 668.5079     Schwarz criterion 5.557779 

Log likelihood -174.1962     Hannan-Quinn criter. 5.419830 

F-statistic 6.359332     Durbin-Watson stat 2.114354 

Prob(F-statistic) 0.000031    
     
     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Other Appendix 

Map of Turkey 

 

Source: CIA Factbook – Turkey 

 

 


