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TRANSPORT INFRASTRUCTURE AND REGIONAL GROWTH: CASE OF 

THE TURKISH REGIONS 

 

ABSTRACT 

 

     The economic effects of transport infrastructure on economics have been 

attracting a great deal of attention both from policy makers and researchers since the 

pioneering works of Aschauer in the late 1980s. From the policy makers’ point of 

view, the provision of infrastructure, which generates positive externalities and 

promotes the productivity of firms, is an important policy tool for promoting regional 

growth and reducing regional disparities. For this reason, Turkey has invested in 

transportation infrastructure to diminish the regional economic inequalities since the 

early 1960s. However, this serious change in the transport infrastructure stock has 

captured little attention in the literature.  

 

     To our knowledge, this study is the first attempt to measure the latest 

developments of transportation infrastructure in twenty-six NUTS 2 regions in 

Turkey with a spatial perspective. The aim of this study is to examine spatial effects 

of public transportation infrastructure investments on regional economic growth. We 

employ a Cobb-Douglas production function model, and estimate the model with 

spatial panel model. The novelty of this study lies on selecting the most appropriate 

spatial weight matrix for detecting the spatial effects more accurate. We create 11 

different spatial weight matrices pertaining to each year for the period 2004-2014, 

which reflect the change over time, to capture the impacts of recently built-up roads 

or extension the existing ones on regional economic growth. The results show that 

infrastructure investment has significant and positive spillover effect on regional 

growth and employing multiple spatial weight matrices matters for obtaining the 

significant and accurate findings. 

 

Keywords: Spatial weight matrix, spatial Durbin model, road infrastructure   
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ULAŞIM ALTYAPISI VE BÖLGESEL BÜYÜME: TÜRKİYE ÖRNEĞİ 

 

ÖZ 

 

     Ulaşım altyapı yatırımlarının bölgelerdeki ekonomik etkisi uzun yıllardır hem 

politika hazırlayıcılarının hem de araştırmacıların ilgisini çekmektedir. Özellikle 

Aschauer’in (1989, 1990) ilham verici çalışmalarının ardından, ulaşım altyapı 

yatırımları ile bölgesel ekonomik performans arasında pozitif bir ilişkinin olduğuna 

dair genel bir kanı oluşmuştur. Politika hazırlayıcılarının perspektifinden 

bakıldığında ulaşım altyapı yatırımlarının bölgesel büyümeyi hızlandıran ve bölgesel 

farklılıkları azaltan önemli bir politika aracı olduğu görülmektedir. Bu sebeple, 

Türkiye 1960 sonrasında az gelişmiş bölgelere, farklılığı azaltmak adına ulaşım 

yatırımlarını arttırmıştır. Türkiye’de ulaşım yatırımlarındaki bu ciddi artış literatürde 

henüz yeterince yer bulamamıştır.  

 

     Bu çalışma NUTS 2 bölgelerinde ulaşım yatırımlarının bölgesel ekonomi 

üzerindeki etkisini mekânsal boyutuyla ölçecek ilk çalışma olacaktır. Bu çalışmada 

genişletilmiş Cobb-Douglas üretim fonksiyonu Türkiye NUTS 2 bölgelerine ulaşım 

altyapı yatırımlarının katkısını ölçmek adına kullanılacaktır. Bu çalışmada diğer 

çalışmalardan farklı olarak mekânsal etkileri daha doğru ve etkin şekilde ele 

alabilmek adına farklı mekânsal ağırlık matrisleri kullanılmıştır. Bu bağlamda 2004-

2014 yılları gerçek mesafeye dayanan 11 farklı ağırlık matrisi oluşturulmuştur. 

Sonuçlar ulaşım altyapısı yatırımlarının olumlu ve anlamlı yayılma etkilerinin 

olduğunu ve farklı mekânsal ağırlık matrisi kullanımının geçerliliğini göstermektedir.    

  

Anahtar Kelimeler: Mekânsal ağırlık matrisi, mekânsal Durbin modeli,  karayolu 

altyapısı 
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CHAPTER ONE                                                                                      

INTRODUCTION 

      

     Regional economic growth and development theories have witnessed a rapid 

increase in the last decades since the foundations of modern economic growth theory 

(Barca et al., 2012; Capello and Nijkamp, 2011). Neoclassical growth theory, the 

most influential model in modern growth theory (Dawkins, 2003), explains sources 

of output growth with three factors - capital stock, labor force and technology 

(Armstrong and Taylor, 2000). The neoclassical growth theory claims that regional 

economic disparities vanish in the long-run based on spatial mobility of these 

production factors assumption (Capello and Nijkamp, 2009). Based on Solow (1956) 

model, the theory assumes that the level of technology which is the only factor that 

determines a region’s growth rate in long-run is exogenous. Barro and Sala-i-Martin 

(2004) criticize this unrealistic assumption and label the model as “a model of 

growth that explains everything but long-run growth” (Barro and Sala-i-Martin, 

2004, p.18). By taking into account of the shortcoming of neoclassical approach, 

endogenous growth theory attempts to modify assumptions of the neoclassical 

growth model (Dawkins, 2003). The endogenous growth theory, developed by 

Romer (1986) and Lucas (1988), takes technological progress as endogenous by 

emphasizing the importance of human capital. Contrary to neoclassical approach, the 

endogenous growth theory presumes increasing marginal productivity of production 

factors. However, depending on how technological change is made endogenous, the 

theory allows both convergence and divergence in the long-run (van Dijk et al., 

2009). Subsequently, Krugman’s (1991) New Economic Geography demonstrates 

the spatial dimension of regional growth with “core-periphery” model for economic 

activity clusters (Dawkins, 2003). New economic geography basically attempts to 

“explain the formation of a large variety of economic agglomeration (or 

concentration) in geographical space” (Fujita and Krugman, 2004, p. 140). New 

economic geography models are based on cumulative causation models and the 

agglomeration process of firms and labor in a developed region because of 

economies of scale advantages, may cause divergence. Instead of taking transport 

cost as zero in the traditional trade theories, new economic geography includes 
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transport cost as a substantial element for that influences location choices (Ascani et 

al., 2012). According to the new economic geography, improved transport and 

communication infrastructure between core and peripheral regions may foster 

agglomeration process and thus deepens regional disparities (Minerva and Ottaviano, 

2009) however, decreased transport costs may also cause convergence (van Dijk et 

al., 2009). Therefore, while endogenous growth theory encourages policy makers on 

the impacts of policy measures, new economic geography is pessimistic about the 

effects of policies (van Dijk et al., 2009). As an important policy instrument, the role 

of infrastructure has been emphasized along two dimensions: the effect of 

infrastructure on economic growth and the effect of infrastructure on income 

inequality (Calderon and Serven, 2004). In this study, we focus on the relationship 

between infrastructure and regional economic growth. 

   

     The role of public investment in the economic growth process has been mostly 

investigated in the development economics in the 1950s (Button, 1998) and since the 

end of the 1970s, public investment has been considered as a major regional policy 

instrument with its complementary effects on private investment (Martinez-Lopez, 

2006). Neoclassical economics consider public investment as the generator of 

economic growth and source of regional convergence (Rodriguez-Pose et al., 2012). 

Endogenous Growth Theory reexamines the effects of public capital and sees public 

spending as an important long-term growth factor (Barro, 1990). Along with the 

theoretical view, the inspiring study of Aschauer (1989) has caused public 

investment to reattract great attention (Gonzalez-Paramo and Martinez, 2003; 

Rodriguez-Pose et al., 2012). Public investments which are any capital outlay of a 

government (United Nations [UN], 2009) can be divided into three categories: (1) 

investment in infrastructure, (2) investment in human capital, and (3) investment in 

technical progress. All categories are closely related with economic growth (Lloyd, 

1999). Although the effects of investment in infrastructure on regional development 

have been investigated with different aspects in urban economics, business, regional 

science and geography literature (Bergman and Sun, 1996), the definition and 

classification of infrastructure have lack of consensus.  
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     Rostow (1960) and Hirschman (1958) use the notion of social overhead capital as 

a synonym of infrastructure. According to Hirschman’s Unbalanced Growth Theory 

(1958, p.83), infrastructure is “the basic service which without the primary, 

secondary and tertiary economic activities cannot function”, while Rostow (1960) 

views social overhead capital as a pre-condition for take-off stage. Jochimsen (as 

cited in Torrisi 2009) defines infrastructure as “the sum of material, institutional and 

personal facilities”. Gramlich (1994, p.1177) states that “the definition infrastructure 

that makes the most sense from an economics standpoint consists of large capital 

intensive natural monopolies such as highways, other transport facilities, water and 

sewer lines, and communications systems”. Banister and Berechman (2003, p. 35) 

define infrastructure as “the durable capital of the city, region and the country and its 

location is fixed”. Kapshe et al. (2003, p. 291) delineate infrastructure as “the system 

of linkages that facilitate and enable the flow of goods and services which includes 

road, railways, electric power systems etc.”. Weisdorf (2007, p.17) defines 

infrastructure as “the essential facilities and services that the economic productivity 

depends on” which includes the movement of goods, people, water and energy. 

Fulmer (2009, p.30) describes infrastructure as “the physical components of 

interrelated systems providing commodities and services essential to enable, sustain, 

or enhance societal living conditions”.  

      

     As well as definitions, there many classifications for infrastructure in the 

economic literature. Aschauer (1989) considers transport (roads, airports) and 

networks (sewers, electrical facilities) as the core infrastructure and others as non-

core infrastructure. On the other hand, Biehl (1991) divides infrastructure into two 

groups as network (roads, electrical facilities) and nucleus (schools and hospitals). 

More recently, Sturm et al. (1995) classify infrastructure investments into two groups 

because of analytical reasons. The first group is called basic infrastructure, and 

includes main railways, roads, ports, drainage. The second group is called 

complementary infrastructure, and includes urban tramways, gas electricity, and 

water supply. Weisdorf (2007) categorizes infrastructure into four groups. 

Transportation assets include roads, railroads, airports, ports; communication assets 

include radio and television broadcast towers, cable systems; regulated assets include 
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electricity transmission lines, gas and oil pipelines, sewerage systems and finally 

social assets include schools, hospitals, and courthouses.  

 

     The classification of infrastructure in empirical studies depends on not only the 

theoretical background but also data availability (Torrisi, 2009). The lack of a 

universal definition and classification of infrastructure create complexity on 

measuring infrastructure endowment considering also availability of infrastructure 

data. Infrastructure endowment can be measured in monetary and physical terms 

both which have advantages and disadvantages for empirical studies. Golden and 

Picci (2005) point to the shortcoming of using monetary measures of public works by 

underlying the differences between value and cost of public infrastructures due to 

mismanagement, waste, and corruption.  

 

     Taking into account the different aspect of infrastructure that has been underlined 

in the literature, the basic characteristics of infrastructure can be summarized as 

follows (Kapshe et al., 2003; Kay, 1993; World Bank, 1994): 

- Infrastructure cannot be imported from other places, 

- Infrastructure facility has built in a minimum size thus it is indivisible, 

- Infrastructure has benefits for all society, 

- Infrastructure is generally public provided because of high first investments, 

- Infrastructure has long gestation period, 

- Infrastructure is developed in a network structure, 

- Infrastructure has elements of natural monopolies,  

- Infrastructure capital cost is larger than running cost,  

- Infrastructure reduces the production cost,  

- Infrastructure has high sunk cost 

- Infrastructure is essential for all kind of production but infrastructure alone is 

not productive. 

      - Infrastructure is considered as pre-condition of development. 

 

     Based on neo-classical economics which consider infrastructure as an input to 

production along with labor and private capital, any improvements of infrastructure 
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result in higher productivity (Rietveld and Nijkamp, 1992). In the long-run, the 

contribution of an infrastructure provision on regional economy varies based on 

infrastructure type. Transportation and communication infrastructure for example has 

primary role on integrating a region with the rest of the network (Gomez-Antonio 

and Garijo, 2012) and has been at the origin of the economic development (Vreeker 

and Nijkamp, 2005). 

 

     The debate on the economic effects of transport infrastructure investments has 

been attracting a great deal of attention both from policy makers and researchers. In 

the mainstream economic literature, transport infrastructure has been claimed as an 

important determinant of economic growth due to its effects on reducing transport 

cost and increasing accessibility. From the policy makers’ point of view, the 

provision of infrastructure is an important policy tool for promoting regional growth 

and reducing regional disparities. For this reason, Turkey has invested in 

transportation infrastructure to reduce the regional economic inequalities since the 

1960s (Karadağ et al. 2004). However, this serious change in the transport 

infrastructure stock that costs approximately 65 billion dollars last decade has 

captured little attention in the literature.  

 

     To our knowledge, this study is the first attempt to measure the latest 

developments of transportation infrastructure in twenty-six NUTS 2 regions in 

Turkey with a spatial concern. The aim of this study is to examine spatial effects of 

transportation infrastructure investments on regional economic growth by using 

spatial econometric models. The originality of this paper can be listed as follows.  

 

     First, unlike most of the studies in the literature using a simple contiguity spatial 

weight matrix for the spatial econometric models, we create a spatial weight matrix 

for each year from 2004 to 2014. Taking into account the huge investments on road 

infrastructure in Turkey since 2003, we believe that relying on a spatial weight 

matrix would not capture the difference on the distance between the regions and thus 

would not control the neighborhood criteria. So we measure the real time distance 

between 26 NUTS 2 regions in Turkey for each year and create 11 different spatial 
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weight matrices. In this way, we fill in the literature a gap about describing the 

spatial relation which changes over time due to changes in the road infrastructure 

network. 

 

     Second, this study is the first attempt to measure the latest developments of 

transportation infrastructure in Turkey from a spatial perspective. Previous studies 

that investigate the impacts of transport infrastructure on regional economy in 

Turkey have largely ignored the spatial spillovers and focus on only standard 

econometric models.  

 

     Third, we use the most recent regional data from TurkStat that contains regional 

Gross Domestic Product (GDP) data until 2014. As it is reviewed in the Chapter 2, 

previous Turkish case studies mostly use old provincial data from 2000 or regional 

Gross Value Added (GVA) data.  

 

     We believe investigating the recent improvements in road infrastructure with a 

spatial perspective in an emerging economy as Turkey is necessary to generate more 

effective and practical regional policies.   

 

     The structure of this study is as follows. In Chapter 2, the previous studies that 

investigate transport infrastructure and regional growth relation with spatial and non-

spatial aspects are reviewed. Also Turkish case studies in the literature review 

section are focused on. In Chapter 3, Turkish transport infrastructure investments and 

future goals for extending the existing road network are looked into. Chapter 4 then 

introduces the data and the sources of the variables and presents the spatial weight 

matrices that used in this study. Chapter 5 describes the empirical model apply to 

analyze the spatial effect of transport infrastructure on regional economy. The results 

of the spatial econometric models are reported in Chapter 6. Finally, Chapter 7 

contains the main conclusion with several policy recommendations that ensue from 

the estimated results from the previous chapter.   
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CHAPTER TWO                                                                                           

LITERATURE REVIEW 

 

     The long-run effects of transport infrastructure on regional development are 

various, complex and difficult to analyze. Basically, it is accepted that improvement 

of transport infrastructure causes reduction of transport cost/travel times and increase 

in accessibility. This situation leads to redistribution of economic groups and also an 

increase in transportation volumes (Reitveld and Nijkamp, 1992). Provision of 

transport infrastructure also leads to a raise in private investments, stimulation of 

trade and thus creation of jobs in the regions (Deng, 2013). These are why transport 

infrastructure is portrayed as an element for reaching regional development goals 

such as reducing income inequalities and fostering trade in the continental approach. 

Since relying on market to achieve these goals is not efficient, there is a need for 

government intervention on the transportation sector. This situation makes transport 

the policy to be more integrated with regional economic development policies 

considering the fact that policy makers use transportation infrastructure as major 

policy instrument for both developing and advanced economies. For example, 

European Union Regional Development Fund invests mostly on transportation 

infrastructure to promote economic growth and to reduce regional disparities. The 

main reason underlying this approach is the view that transportation promotes 

mobility, mobility promotes trade, and trade promotes economic growth (Vickerman, 

2002; Button, 2005).  

 

     However, it should be noted that an improvement of a link in a transportation 

network may not have positive impacts for all regions in the network. Some regions 

may lose their markets because of increasing competition with low transportation 

costs (Reitveld and Nijkamp, 1992). As Puga (2002) states, transport infrastructure 

has two lanes going both ways, which makes mobility easier and cheaper for all 

developed and lagging regions. Increased mobility may have negative effects on 

lagging regions due to out-migration of capital and labor by the helping of increased 

transport infrastructure stock. Thus increasing the stock of infrastructure may harm 

regional economic growth rather than raising productivity. 
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     Lall (1999) claims that the effects of infrastructure depend on many factors such 

as level of development, initial infrastructure endowments, and spillover effects.  

Gomez-Antonio and Garijo (2012) add diversity of productive structures and 

institutional and political factors to Lall (1999)’s study to classify the reasons behind 

the uncertain effects of infrastructure on regional economy. In the development 

economics, different effects of infrastructure on regions with different levels of 

development have already been questioned by Hansen (1965). While Hirschman 

(1958) hypothesizes to promote social overhead capacity (public infrastructure 

investments) in developing urbanized regions, Hansen (1965) argues that in the early 

stages of development, economic overhead capital (transportation and networks) 

should be allocating in intermediate regions to maximize the effectiveness of public 

infrastructure. Reitveld and Nijkamp (1992) also state that developing countries with 

low infrastructure stock would have higher transport infrastructure impact than in 

developed countries due to decreasing marginal productivities.  

 

     The general notion on the effects of transportation infrastructure is that 

transportation infrastructure is a precondition for regional development when other 

complement resources are present and the region has already potential for new 

development, but it is alone not sufficient to reach regional development goals 

(Rephann, 1993; World Bank, 1994; Rietveld and Nijkamp, 1992).  

 

2.1 Empirical Studies  

 

     According to Lakshmanan (2011), the first study that investigates the effects of 

public infrastructure on regional economic growth is Mera (1973)’s study. Mera 

(1973) reports a positive impact of transport and communication infrastructure on 

manufacturing and service sectors for Japanese regions from 1954 to 1963. But it is 

Aschauer (1989)’s study that attracts great attention from both academics and policy-

makers for the relation between public infrastructure and economic growth. Based on 

supply driven neo-classical economics approaches, Aschauer (1989)’s study 

considers infrastructure as an important factor in the production function to explain 

the productivity slowdown of the 1970’s and 1980’s. Aschauer (1989) focusses on 
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the period from 1949 to 1985 by using public capital stock and productivity data with 

Cobb-Douglas production function model. He distinguishes public non-military 

capital type into five categories. According to his results, core infrastructure which 

includes highways, mass transit, airports, electrical and gas facilities, water, sewer is 

the biggest explicator of productivity with an elasticity of 0.24 compared to other 

public capital types. He interprets this significant and high result as an evidence of 

the importance of the public capital to explain productivity decline in the 1970’s and 

1980’s in the USA. He concludes that the public infrastructure contributes 

productivity rise and economic growth. Aschauer’s view has been supported by 

Munnell (1990a).  Munnell (1990a) builds her study upon Aschauer’s insight to 

explain the slowdown in productivity growth in the USA using public capital with a 

similar methodology. Munnell (1990a) finds that 1% increase in public capital may 

raise productivity by 0.31% to 0.39%. Munnell (1990b) also analyzes the 

relationship between productivity and public capital at the subnational level from 

1970 to 1986. The Cobb-Douglas production function model results confirm the 

strong relation with a lower elasticity (0.15) at the state level. Even though Aschauer 

(1989)’s study can be considered as a milestone in the empirical literature on the 

effects of public infrastructure, Aschauer’s highly significant and positive view is far 

from being the norm (Rodriguez-Pose et al, 2012).  

 

     Aschauer (1989)’s study and his very high elasticity results which labelled as 

“Aschauer effect” have been criticized and objected by many researchers. The major 

criticism is about the causality issue between output and infrastructure. Eisner (1991) 

underlines a serious question for the state output and public capital by questioning 

which one is the cause and which one is the effect. Hulten and Schwab (1993) also 

point out the direction of causality problem by indicating that causality does not run 

only from public infrastructure to output but it may run in both directions. Tatom 

(1993) deprecates the USA economic program which views increased spending on 

infrastructure is an urgent national priority based on the inspiring works of Aschauer 

(1989) and Munnell (1990a). Tatom (1993) claims that these studies have spurious 

regressions problems and adopting simply first-differenced data can eliminate the 

problem. According to the results, public capital effects are not statistically different 
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from zero. Tatom (1993) also investigates the causality using Granger Causality test 

and finds same direction of influence as Eisner (1991).  

 

     Second criticism is about the ignorance of the nonstationary of the data which can 

cause spurious correlation between public capital and output. Aaron (1990) and 

Hulten and Schwab (1991) state that the time series data from previous studies suffer 

from nonstationary. They suggest removing drift trend from the data to examine the 

true relationship between the variables by employing first differencing. Their results 

indicate no systematic relation between public capital and productivity for the USA 

case. However, Munnell (1992) displays the problem of first differences which 

hinders to estimate the long-term relationship between input and output. Another 

criticism comes from Tatom (1991) about Aschauer (1989)’s model specification. 

Tatom (1991) argues that Aschauer’s high elasticity findings are the results of 

misspecification of production function. He suggests including energy prices which 

has negative effects on productivity to the production function model. However, this 

approach also receives critiques for mixing production and cost functions (Gramlich, 

1994).  

 

       The 1990’s was the golden years for the infrastructure investment studies 

following the seminal work of Aschauer (1989). Evans and Karras (1994) use Cobb-

Douglas production function to estimate the elasticity of highway capital stock with 

panel data (see Table 2.1). After controlling region and time effects by fixed effects 

model, they find no evidence that highway capital is productive. They conclude that 

the US as a whole does not suffer from under provision of public capital, but may 

suffer from overprovision. Holtz-Eakin and Schwartz (1994) investigate 48 states 

from US between 1971 and 1986 with panel data, and reach negligible effects of 

infrastructure on annual productivity growth. Baltagi and Pinnoi (1995) also examine 

the relationship between public infrastructure and economic performance in 48 

contiguous states over the period 1970-1986 with panel data. They reach similar 

results with Munnell (1990b) when region specific effects are ignored with a simple 

Ordinary Least Squares (OLS) model. On the other hand, when they employ 

Instrumental Variable (IV) model, highways and streets effects are statistically 
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insignificant. Garcia-Mila et al. (1996) perform state-level production function using 

public capital as in input for the time period between 1970-1983. After controlling 

random and fixed state effects, measurement error, and endogeneity problems, panel 

data model results reveal no significant effect of highway capital investments on 

state output.  

 

     Basically, studies that focus on the effects of public infrastructure at the regional 

level tend to reach insignificant impacts by taking into account the previous critics in 

the early studies. Pereira and Andraz (2013) discuss the underlying reason for the 

different findings between the empirical studies and suggest that spillover effect is a 

possible explanation for this, since infrastructure impacts are confined to specific 

regions only (Moreno and Lopez-Bazo, 2007). Holtz-Eakin and Schwartz (1995) 

address spillover effect issue by measuring the indirect effect of highway capital 

stock on neighboring states with panel data from 1969 to 1986. They find that 

highway capital stock has no statistically significant spillover effect on productivity 

for the USA case. Kelejian and Robinson (1997) consider spatial interaction by using 

spatial lags of dependent and independent variables to assess the infrastructure effect 

on 48 states from 1972 to 1985. They perform several estimation models and 

conclude that estimation results are very sensitive to model specification, and 

neighbor infrastructure is not significant when spatial correlation is considered. 

Boarnet (1998) claims that point infrastructure produces local benefits, while 

network infrastructure produces spillover effects. Thus, the effects of public capital 

need be clarified. He tests for the existence of negative output spillovers for 58 

counties in California from 1969 to 1988 by using same street and highway capital 

stock data with Holtz-Eakin and Schwartz (1995). The results suggest that street and 

highway capital of Californian counties negatively affect neighboring counties’ 

output.  
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     The studies that investigate spillover effects at European countries reach positive 

evidence mostly. Percoco (2004), for instance, focuses on Italian regions for the 

period 1970-1994 to analyze the impact of public capital on productivity using a 

Cobb-Douglas production function. He adds one-year lag of public capital stock to 

overcome endogeneity and public capital stock in neighboring regions to account for 

spillover effects to the model. The results indicate that public capital has a positive 

effect on regional productivity, while railways and maritime infrastructure have 

higher effects than road infrastructure. 

 

     Similarly, Cantos et al. (2005) find positive and significant spillover effects for 

transportation infrastructure for Spanish regions by using one-year lagged 

infrastructure as an instrumental variable. Berechman et al. (2006) use three different 

geographical levels-state, county and municipality- to understand different spillover 

effects based on geographical study areas. According to the results from highway 

capital stock data from 48 states, 18 counties and 386 municipalities in the USA, the 

impact of public infrastructure declines as the geographical level gets smaller due to 

spillover effects. 

 

2.2 Empirical Studies with Spatial Interaction 

 

     Studies mostly concentrated on the spatial effects of transport infrastructure by 

using spatial econometric models as well as causality and non-stationary issues 

which have been highly criticized in the literature since the 1990s. Cohen (2010) 

argues that ignoring spatial effects may cause omitted variable bias, which creates 

inaccurate estimations of infrastructure effects (see Table 2.2).  He uses the US states 

highway capital stock data for 1996 to investigate the broader benefits, which refers 

to indirect benefits that may result from spatial interaction of transportation 

infrastructure. The results based on spatial lag model with contiguity weight matrix 

show a positive effect of transport infrastructure on the output. Jiwattanakulpaisarn et 

al. (2011) suggest using dynamic production function approach with an additional 

variable to capture spatial spillover effects from highway capital stock to outputs of 

neighboring states. They use five different spatial weight matrices based on 
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contiguity and distance, since the literature does not point out the correct spatial 

weight matrix for all studies. Their findings reveal positive spillover effects of 

highway improvements to the neighbors. It is also underlined that employing 

distance decay matrix helps to reach higher output elasticities compared to the other 

four spatial weight matrices.  

 

     For the case of EU regions, Del Bo and Florio (2012) apply Moran’s I statistics 

test to regional Gross Domestic Product (GDP) as a spatial diagnostic test. The 

results indicate that there is a spatial autocorrelation and thus the OLS estimates that 

ignore spatial effects, can be misleading and biased. They prefer to use spatial 

Durbin model (SDM) with respect to likelihood ratio (LR) tests results with row-

standardized contiguity matrix (W) based on inverse of geographical distance. The 

findings demonstrate that while motorways have positive direct and insignificant 

indirect effects, other roads have negative direct and positive indirect effects on 

regional GDP. Del Bo and Florio (2012) underline the presence of investment 

complementary across European regions regarding the spatial econometric analysis 

results.  

 

     Xueliang (2013) takes China as example to examine the role of transport 

infrastructure to promote regional economic growth using a panel data for 29 

Chinese provinces and regions.  The model which contains spatial spillover effects of 

transport infrastructure is estimated with the fixed effects spatial lag model with four 

different spatial weight matrices (W).  These four spatial weight matrices are created 

on the basis of binary contiguity, population density, GDP per capita, and transport 

network. The positive and significant results show that improvement of transport 

infrastructure fosters regional economic growth however; ignoring spatial spillover 

effects in the model causes overestimation o the role of transport infrastructure. Even 

though the spatial spillover effects of highway mileage in neighboring regions are 

mostly positive, taking into account the model with spatial weight matrix based on 

population density reveals negative spatial spillovers. Xueliang (2013) relates this 

finding with high mobility and one-way movement of population and suggests local 

governments to improve their investment environment for not losing human capital 
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and labor in their regions. Arbues et al. (2015) contribute the literature by estimating 

a spatial Durbin model for 47 Spanish provinces by controlling for endogeneity issue 

and spatial spillovers. Spatial lags of disaggregated transport infrastructure, 

dependent variable and other explanatory variables are added in Cobb-Douglas 

production function model, and the model is estimated with maximum likelihood 

(ML) and generalized method of moments (GMM).  Arbues et al. (2015) build two 

spatial weight matrices based on binary contiguity and physical contiguity matrix and 

row-standardize them. They find evidence of highly significant and positive direct 

and indirect effects of road capital stock on regional output. The results indicate that 

improvement of road infrastructure in Spanish provinces would create a productivity 

rise in neighboring provinces up to 5.5%.  
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     More recently, Dehghan Shabani and Safaie (2018) investigate 28 Iranian 

provinces from 2001 to 2011 to measure direct and spillover (indirect) effects of road 

transport infrastructure on economic growth with spatial Durbin model (SDM) and 

maximum likelihood (ML) estimation method. They create spatial weight matrix 

based on inverse Euclidean distance to capture spillover effects more properly than 

simple binary contiguity weight matrix. The estimation results give clear evidence of 

positive direct, indirect and total effects of main road length per capita on regional 

GDP per capita. Regarding the results, Dehghan Shabani and Safaie (2018) 

recommend policy-makers to increase cross-regional transport networks mostly.  

 

2.3 Empirical Studies for Turkish Case  

 

     Transportation infrastructure investments have been used as an important policy 

instrument for policy-makers in Turkey since 1960’s. However, the number of 

studies that focuses on the effects of transportation infrastructure on regional 

economic growth is limited. Kuştepeli and Akgüngör (2010) investigate this 

phenomenon by using cross section data from 2000 with 26 NUTS 2 regions in 

Turkey. With very limited number of observations, they employ Cobb-Douglas 

production function approach. The results demonstrate that asphalt roads in rural 

areas and asphalt road ratio in total roads variables significant and positive in the 

model. An increase in the asphalt road variables may increase the value added of the 

manufacturing industry in Turkey.  

 

     Önder et al. (2010) analyze the dynamic effects of transportation capital stock on 

regional economic convergence at NUTS 2 level in Turkey for the time period 1980 

to 2001. They use per capita transportation capital stock calculated with perpetual 

inventory method (PIM) for least squares dummy variables (LSDV) and generalized 

method of moments (GMM) techniques. They report evidence of negative impact of 

transportation capital stock on regional convergence and relate these results with 

uneven distribution of transport investments on developed and less developed 

regions. They suggest allocating more transport infrastructure on less developed 

regions in order to reduce regional disparities between western and eastern regions.  
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     Celbiş et al. (2015) analyze infrastructure and export performances of NUTs 

regions for the years 2002 through to 2010. According to the results, land 

infrastructure which contains road, highway and railroad stocks, plays an important 

role in regional exports. Recently, Elburz et al. (2017) study the role of transport 

infrastructure stock in the Turkish regions with different estimation methods. They 

use OLS, fixed-effects, 2SLS and Hausman-Taylor IV estimations with region and 

time effects from 2004 to 2011. The results confirm that the road and highway 

infrastructure have significant and positive effects on Turkish regional Gross Value 

Added (GVA). 

 

     Based on the review of the transport infrastructure effects literature, it can be said 

that the results are quite heterogeneous and one of the main reasons for this is the 

about the measurement of the spatial spillover effects of transport infrastructure. The 

studies that measure spatial effects of transport infrastructure on regional economy in 

the economic literature rely on simple spatial weight matrices without any arguments 

on how to define neighboring regions. As it is underlined in the introduction section, 

the originality of this study lays in the definition the neighborhoods for spatial weight 

matrix to have accurate spatial spillover effects by using spatial econometric models.    
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CHAPTER THREE                                                                                    

TURKISH TRANSPORT INFRASTRUCTURE 

 

     Public infrastructure investment has been seen a substantial policy tool for 

promoting regional growth and reducing regional disparities in both developed and 

developing countries as well as in Turkey. Since the 1960s, Turkey has invested in 

infrastructure -mainly transport infrastructure- to reach development goals as 

indicated in Development Plans (Karadağ et al., 2004).  

     

 

Figure 3.1 Shares of public infrastructure investments in public investments (%) (Source: Ministry of 

Development) 

 

     Figure 3.1 shows the shares of public infrastructure investments types based on 

the categories in the literature in public investments from 2000 to 2016. Total 

infrastructure is composed of physical (transportation/communication and energy) 

and social infrastructure (health and education) and it has an average of 61% share in 

public investments during 2000 and 2016. It can be seen that the share of social 

infrastructure in public investments is growing (average of 21%), while physical 

infrastructure’s share (average of 40%) is decreasing in the same time period. One 

possible explanation for this decline is the dramatic fall in energy investments due to 
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policy of privatization of energy sector (Serdaroğlu, 2016). For the case of 

transportation and communication infrastructure investments, there is an up-going 

trend of shares in public investments. Approximately 30% of public investment is 

allocated to transportation and communication infrastructure every year. The share of 

it in public investment has reached 32.7% in 2010 with the highest share since 2000. 

According to latest Development Plan, this ratio is expected to rise to 34% for the 

period of 2014-2018 (Ministry of Development, 2013). 

 

     In Turkey, fostering transport infrastructure -especially road infrastructure- has 

been considered a priority for achieving economic development. Since the 1950s, 

road transport is the dominant transport type in Turkey which leads to substantial 

improvement process of road infrastructure by neglecting railway and maritime 

infrastructure (Ministry of Transport and Communication, 2011). According to the 

statistics of Ministry of Transport and Communication, governments have expended 

approximately 65 billion dollars for road infrastructure between 2004 and 2014. The 

highest road infrastructure investment has been made in 2011 with 8.8 billion dollars 

and has a percentage of 1.06% in GDP in the same year (Table 3.1 and Figure 3.2). 

 

Table 3.1 Road infrastructure investment expenditures (2004-2014) (Source: Ministry of Transport 

and Communication) 

  Investment (Billion $) Percentage of GDP (%) 

2004 2.30 0.46 

2005 3.15 0.52 

2006 3.80 0.60 

2007 4.14 0.53 

2008 6.30 0.74 

2009 5.93 0.87 

2010 8.52 1.05 

2011 8.88 1.06 

2012 7.54 0.91 

2013 7.62 0.90 

2014 7.24 0.89 
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Figure 3.2 Road infrastructure investment expenditures (Source: Ministry of Transport and 

Communication) 

 

     Turkish road infrastructure contains three categories: highways, provincial roads 

and state roads. Between 2004 and 2017, 17378 km provincial/ state roads and 869 

km motorways have been built (Figure 3.3). In 2016, the total road infrastructure in 

Turkey reach 66,970 km and almost half of the network consists of provincial roads 

(49.8%) as indicated in Table 3.3. Recent Turkish road infrastructure network can be 

seen in Figure 3.4. 

 

Table 3.2 Road network in Turkey (2016) (Source: Ministry of Transport and Communication) 

 Km % 

Highways 2,489 3.7 

Provincial Roads  33,355 49.8 

State Roads 31,126 46.5 

Total  66,970 100 

 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0

1

2

3

4

5

6

7

8

9

10

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Investment (Billion $) Percentage of GDP (%)



22 
 

 

Figure 3.3 Completed road infrastructure lengths (km) (Source: Ministry of Transport and 

Communication) 

 

     As a result of the governmental policy on investing mainly on road infrastructure 

since the 1950s, road transport has the lion share of both passenger and freight 

transport. Table 3.3 shows that road infrastructure has 89.2% of passenger transport 

(passenger-km) while air transport has only 9.01% in 2015. The case of freight 

transport (ton-km) is similar with passenger transport, almost 90 percent of freight 

transport uses road infrastructure.  

 

Table 3.3 Share of passenger and freight transport (2015) (%) (Source: Ministry of Transport and 

Communication) 

 Passenger (%) Freight (%) 

Highways 89.2 89.8 

Airlines 9.01 - 

Railways 1.01 3.9 

Sea Routes 0.6 6.3 

Total  100 100 

 

     Based on 2023 prospects, population of Turkey is expected to be more than 85 

million while total passenger is estimated to reach 500 billion in all modes of 

transportation. For highways, 378 billion passengers are predicted and that is why 
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road transport development is essential for Turkey (Ministry of Transport and 

Communication, 2011). The first National Regional Development Strategy which has 

been prepared by the Ministry of Development (2015) also points out the importance 

of transport infrastructure as a prominent regional development goal by to increasing 

accessibility. By taking into account this goal, the General Directorate of Highways 

(KGM) has launched a highway construction program for building new highways to 

connect metropolitan cities with trade centers (see Figure 3.5 and Figure 3.6). 

General Directorate of Highways is planning to reach 8227 km. highway network by 

constructing 5738 km new highways by the end of 2035 (Table 3.4).  

 

Table 3.4 Highway network goals of the Ministry of Transport and Communication 

Highways  Km 

Highways in operation 2489 

2023 goal (under construction) 631 

2023 goal (first group) 1893 

2023-2035 goal (second group) 3214 

Total  8227 

 

     Both current distribution and future prospects of road infrastructure in Turkey is 

uneven. Based on the road length (km) and surface area (km2) data of NUTS 2 

regions in 2014, it can be seen that TR10 (İstanbul), TR31 (İzmir), TR42 (Kocaeli), 

TR81 (Zonguldak) and TR90 (Trabzon) regions have the highest road length per 

square (see Figure 3.7). However, if one takes into account population instead of 

surface area of the regions, well-developed regions such as TR10 (İstanbul), TR51 

(Ankara), TR31 (İzmir) have the lowest road length per capita (see Figure 3.8). 
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Figure 3.4 Road network in Turkey (2016) (Source: Ministry of Transport and Communication) 

 

 

Figure 3.5 Motorway network in Turkey (2016) (Source: Ministry of Transport and Communication) 

 

 

Figure 3.6 Targets of motorway network in Turkey for 2023 (Source: Ministry of Transport and 

Communication) 
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Figure 3.7 Road length per square (quantile classification) 

 

 

Figure 3.8 Road length per capita (quantile classification) 
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CHAPTER FOUR                                                                                              

DATA 

 

     One of the main reasons for the limited number of studies on the effects of 

transportation infrastructure on Turkish regions is the problematic process of finding 

the appropriate data at the subnational level. Along with the EU accession process, 

TurkStat released regional data based on NUTS 2 level instead of provincial data 

starting from 2004 which diminished the number of observation. Another limitation 

on the data is about the time period. Gross Domestic Product (GDP) data is only 

available for the time period between 2004 and 2014 which is launched by TurkStat 

at the end of 2016. Therefore, we use macroeconomic panel data at 26 NUTS 2 

regions from 2004 to 2014. Using panel data increases the degrees of freedom while 

reduces collinearity among dependent variables (Hsiao, 2003). The benefits of using 

panel data is expresses at Hsiao (1985) especially at regional data which many 

regional characteristics cannot recognized in cross-section data (Hong et al, 2011). 

Using regional data also allows us to consider spatiality issue more deeply. It is also 

important to convert data into a standard format, so we use per capita level for 

regional output and private capital data to reduce the influence demographic 

variations as indicated in Chen and Haynes (2015).  

 

4.1 Definitions of the Variables  

 

     We use an augmented Cobb-Douglas production function to measure the role of 

transport infrastructure on regional economic performance with regional GDP per 

capita as regional output. GDP deflator which is obtained from Central Bank of the 

Republic of Turkey is applied to eliminate the inflation impact. Since private capital 

stock data is unavailable in Turkey, we use industrial electricity consumption per 

capita as a proxy for private capital stock as proposed in Moody (1974). Following 

Barro (1990), we add human capital variable to the model which is the proportion of 

the university graduated to the total population. Finally, we augmented the 

production function by adding transportation infrastructure variable (Table 4.1).  
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Table 4.1 Definitions of the variables 

Variables 
Year 

Coverage 
Description 

Data 

Source 

Y (GDP per 

capita)  

2004-2014  Gross Domestic Product per capita TurkStat  

K (Private 

Capital)  

2004-2014  Industrial electricity consumption per 

capita  

TurkStat  

H (Human 

Capital)  

2004-2014  University graduates divided by total 

population  

TurkStat  

T (Transport 

Infrastructure)  

2004-2014  Divided roads and motorway 

infrastructure (km) divided by 

population  

TurkStat 

and 

OECD   

 

     We measure transport infrastructure stock by adopting physical measurement 

instead of monetary measures as indicated in Bröcker and Rietveld (2009) and 

Vickerman (2007). They claim that monetary measure is less accurate than physical 

measurement of transport infrastructure stock. Different transport infrastructure 

investment may have similar monetary values even though the effects on output may 

be various (Melo et al., 2013). Deng (2013) also states that physical measurement 

leads significant and positive results more often than monetary measure by 

investigating recent studies. 

 

Table 4.2 Descriptive statistics of the variables 

Variables  Units Observation Std. Dev. Min Max 

Y (GDP per capita)  Per person 286 0.5202 8.0271 10.5964 

K (Private Capital)  Per person  286 1.0747 -3.5035 1.51189 

H (Human Capital)  Number of 

person  

286 0.70693 -2.6562 1.78182 

T (Transport 

Infrastructure)  

Km/number 

of person 

286 0.7876 -10.002 -5.6410 

 

     Many researchers remark the fact that economic contributions of transport 

infrastructure vary based on the type of infrastructure (e.g. Rodriguez-Pose et al., 

2012; Gomez-Antonio and Garijo, 2012; Bronzini and Piselli, 2010; Deng, 2013). 

We inspire the results of Elburz et al. (2017) which shows the substantial impact of 

road infrastructure on regional economic growth in Turkey. By taking into account 
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Turkish governments massive investments on road infrastructure since 2003 and 

Elburz et al. (2017) study results, we prefer to focus on only road infrastructure in 

this study instead of including all type of transport infrastructure (point and network 

infrastructure). We employ length (km) of total highway and divided roads which are 

standardized with total population of a region (see Table 4.2). Since regional 

population data is not available between the years 2000 and 2007 at TurkStat, we use 

the estimated regional population data by OECD regional statistics between 2004 and 

2007. It is also important to underline the fact that the effects of transport 

infrastructure do not emerge immediately. Thus using data for transport 

infrastructure and regional output for the same year may not reveal the real effects. 

That is why we consider lagged transport infrastructure variables in our model. 

 

     We apply unit root test for panel data for all variables to check stationarity 

problem as underlined in the related literature greatly already (Table 4.3). The Levin-

Lin-Chu unit root test results confirm that all variables are statistically significantly 

stationary during 2004-2014. It is also possible to check temporal distribution of 

means of the variables as shown in Figure 4.1 which support the unit root test results 

for panel data.  

 

Table 4.3 Unit root test results for panel data (2004-2014) 

Levin-Lin-Chu unit 

root test 

Y   

(GDP) 

H (Human 

Capital) 

K (Private 

Capital) 

T (Transport 

Infrastructure) 

-5.154*** -10.143*** -7.806*** -11.052*** 
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Figure 4.1 Temporal variations of the variable means (All variables were measured in logarithmic   

term) 

 

4.2 Spatial Weight Matrix 

  

     Before applying spatial econometric analyses, the spatial weight matrix (W) is to 

be set. Spatial weight matrix is the simplest measure of spatial influence (Bavaud, 

1998) and entirely depends on the neighborhood definition in the model (Anselin, 

2001). Neumayer and Plümper (2016, p.2) defines spatial weight matrix (W) as “a 

connectivity matrix which determines which and to what degree observation spatially 

depend on each other” while Getis and Aldstadt (2004) designate spatial weight 

matrix (W) as a key element in a spatial regression.  

 

     There are several ways to construct a spatial weight matrix to formalize the role of 

space (Anselin, 1989). Mostly, spatial weight matrices are based on geographical 

arrangements or contiguity.  LeSage and Pace (2009) criticize contiguity or nearest 

neighbors with distance function based spatial weight matrices for being intuitive and 

suggest more elegant ways to generate spatial weight matrix (see Figure 4.2, Figure 

4.3 and Figure 4.4). In parallel with this, Anselin (2001) states that contiguity or 

distance based spatial weight matrices that have only zero or one elements are too 

general and alternatives can be considered as well such as inverse distance squared 

(Anselin, 1999).  
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Figure 4.2. Neighbor relations based on queen-contiguity (adopted from Root, 2011) 

 

 

 

Figure 4.3. Neighbor relations based on k-nearest regions (adopted from Root, 2011) 

 

 

 

Figure 4.4. Neighbor relations based on distance with threshold (adopted from Root, 2011) 

 

     Even though a misspecified spatial weight matrix may cause inconsistent and 

misleading results, there is no “true” or “universal” spatial weight that fits all cases 
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(Bavaud, 1998; Anselin, 1988). Finding the most appropriate spatial weight matrix 

for a model and data is up to researcher’s decision which is completely subjective.  

 

     In this study, we follow a different path from the previous studies which prefer to 

rely on contiguity matrices which are simple and easy to interpret (see Table 2.2) to 

generate spatial weight matrix. Relying on distance decay methods, we create a 

spatial weight matrix for each year from 2004 to 2014 (see Appendix). These spatial 

weight matrices reflect the change over time, to capture the impacts of recently built-

up road infrastructure or extension the existing ones on regional economic growth.  

 

     Approximately 30% of the total public investment has been transferred to 

transportation investments since 2004 and it is clear that there is a change in the 

transport infrastructure stock in terms of length of the state highways, provincial 

roads and motorways in Turkey between 2004 and 2014 (Figure 3.3 and Table 3.2). 

As expected, building new road network and/or extension of the existing ones and or 

improving the quality of existing road network (e.g. dual carriageways) cause a 

reduction of the travel times between regions. Based on this fact, we believe a simple 

contiguity weight matrix would not reflect the real changes in Turkish transportation 

infrastructure and thus would not measure the spatial influence properly. Therefore, 

we use network analysis to calculate the distances in minutes between the regions 

based on 3 different road categories with different speed limits each (see Table 4.4, 

Figure 4.5 and Figure 4.6).  

 

Table 4.4 Speed limits of roads 

Type of road  Speed limit (km/h) 

Motorways  120 

State highways  110 

Provincial road  90 

 

 

     First, we start with adjusting road network data obtained from the General 

Directorate of Highways to WGS 1984 Web Mercator (Auxiliary Sphere) projected 
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coordinate system. Then we measure the quickest route from each origin region to 

destination region and produce distance matrix by using OD cost matrix analysis 

extension of network analysis (Environmental Systems Research Institute, 2018).  

 

 

Figure 4.5 State highways (black), provincial (blue) roads and motorways (red) in 2004 

 

 

Figure 4.6 State highways (black), provincial (blue) roads and motorways (red) in 2014 

 

     After obtaining the annual changes in the real distance between regions, we 

generate inverse distance spatial weight matrices (1/d
2
) for 26 NUTS 2 regions for 

each year between 2004 and 2014. The inverse distance spatial weight can be 

formulated as:  

 

  𝑊𝑖𝑗 = (
1

𝑑𝑖𝑗
2 )                                                     (4.1) 
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where Wij reflects spatial interaction between region i and region j, and dij denotes 

real distance (in minutes) between i and j. Finally, we transform the spatial weight 

matrices with row-standardization to produce a row-stochastic weight matrix 

(LeSage, 2004) which can be shown as:  

 

𝑊𝑖𝑗
𝑠 =

𝑊𝑖𝑗

Σ𝑗𝑊𝑖𝑗
 ,             Σ𝑗𝑊𝑖𝑗

𝑠 = 1 ,     𝑊𝑖𝑗 = 0, 𝑖𝑓  𝑖 = 𝑗                  (4.2) 

 

     At the end of this process we get 11 different nxn (26x26) size (4.3) non-negative 

symmetric spatial weight matrices (W) with zeros on the diagonals (see Appendix for 

all spatial weight matrices). 

 

[

𝑤1 1 ⋯ 𝑤1 26

⋮ ⋱ ⋮
𝑤26 1 ⋯ 𝑤26 26

]                                            (4.3) 

 

     We use these eleven spatial weight matrices for each year from 2004 to 2014 in 

the spatial panel econometric models which will be discussed in the next chapter.  
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CHAPTER  FIVE                                                                            

METHODOLOGY 

      

     This study aims to investigate the spatial effects of transportation infrastructure 

investments on regional economic growth by using spatial panel econometric 

models. First, we briefly introduce the basic econometric model and its augmentation 

by adding new variables. After, we present the used spatial econometric model in this 

research which based on basic model.  

 

5.1 Econometric Model  

 

     In this study, we use an augmented Cobb-Douglas production function by 

following the literature to investigate the relation between transport infrastructure 

stock and regional development in 26 Turkish NUTS 2 regions. Rietveld (1989) 

argues that Cobb-Douglas production function is a commonly used form of 

production function. In this approach, infrastructure has an important role along with 

other production factors such as labor and private capital. This means when public 

sector fails to provide sufficient infrastructure, the productivity of production factors 

decreases. The basic Cobb-Douglas production function can be expressed as:  

 

                                  𝑌 = 𝐾𝑎 𝐿1−𝑎                                                        (5.1) 

 

where Y, K, and L denote output, private capital, and labor force respectively, while a 

denotes the returns to the factor input which is constant to scale in this equation. 

Since we use a production function per capita, the Equation (5.1) is divided by L. 

After adding human capital and transportation infrastructure stock variables to get 

the augmented production function form, we can rewrite the equation as:  

 

                                 𝑌𝑃𝑖𝑡 = 𝐾𝑃𝑖𝑡
𝛼   𝐻𝑖𝑡 

𝛽
 𝑇𝑖𝑡

𝛾
                                                   (5.2) 

 

                                   𝛼 + 𝛽 + 𝛾 = 1                                                         (5.3) 
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where YP, KP, L, H, T, i, and t denote output per capita, private capital per capita, 

human capital, transport infrastructure stock, region and time respectively, while α, 

β, and γ denote constants. The Cobb-Douglas production function in Equation 5.2 has 

constant returns to scale, which is shown in Equation 5.3. By taking the log of both 

sides of the Equation 5.2 to interpret the coefficients as elasticities, the model is 

defined as: 

 

𝐿𝑛𝑌𝑃𝑖𝑡 = 𝛼𝐿𝑛𝐾𝑃𝑖𝑡 +  𝛽𝐿𝑛𝐻𝑖𝑡 + 𝛾𝐿𝑛𝑇𝑖𝑡 +  𝜀𝑖𝑡          i= 1, 2…N;  t= 2, 3... T     (5.4) 

      

     As indicated in literature review section, infrastructure has gestation period and it 

may not affect regional economic output simultaneously. A current and past value of 

transport infrastructure stock is needed since transport infrastructure can influence 

regional output with time lags. Thus, based on this basic model (5.4), we first form a 

complete model which contains multiple lagged variables of transport infrastructure 

stock which can be expressed as: 

 

𝐿𝑛𝑌𝑃𝑖𝑡 = 𝛼𝐿𝑛𝐾𝑃𝑖𝑡 +  𝛽𝐿𝑛𝐻𝑖𝑡 +  𝛾𝐿𝑛𝑇𝑖𝑡 + 𝛿𝐿𝑛𝑇𝑖𝑡−1 + 𝜃𝐿𝑛𝑇𝑖𝑡−2 +  𝜗𝐿𝑛𝑇𝑖𝑡−3 + 𝜀𝑖𝑡 

(5.5) 

 

where 𝑇𝑖𝑡−1 is one year lagged transport infrastructure stock, 𝑇𝑖𝑡−2 is two year lagged 

transport infrastructure stock and 𝑇𝑖𝑡−3 is three year lagged transport infrastructure 

stock variable.  

 

     The second model includes only one transport infrastructure stock variable which 

has the highest correlation value with dependent variable according to correlation 

matrix results in Table 5.1. So the second model can be shown as: 

 

                𝐿𝑛𝑌𝑃𝑖𝑡 = 𝛼𝐿𝑛𝐾𝑃𝑖𝑡 +  𝛽𝐿𝑛𝐻𝑖𝑡 + 𝛾𝐿𝑛𝑇𝑖𝑡−3 +  𝜀𝑖𝑡                         (5.6) 

 

     We assume that the second model do not suffer from reverse causality problem 

since we use lagged transport infrastructure variables as indicated in the literature 
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mainly. Obviously, lagged transport variable may have an effect on current output 

but vice versa is not possible.  

 

Table 5.1 Correlation matrix results 

 T T-1 T-2 T-3 

Y -0.0234 -0.0730 -0.1227 -0.1553 

 

     Jiwattanakulpaisarn et al. (2011) strongly claim that using a static framework such 

as the Cobb-Douglas production function ignores the dynamic feedback effects 

among infrastructure and economic growth. However, since panel unit root test 

shows that all data series are stationary (Table 4.1), dynamic models are not 

necessary (Tong et al., 2013; Levin et al., 2002).    

 

     Baltagi (2016) states that spatial models deal with spatial autocorrelation, while 

panel data models control heterogeneity across units. Thus spatial panel models can 

handle both heterogeneity and spatial correlation (Anselin, 1988; Baltagi 2008). By 

taking into account this advantage as indicated by Baltagi (2016), we apply spatial 

panel models in this study. 

      

5.2 Spatial Econometric Models  

 

     Following the recent approach in the literature to investigate spillover effects of 

transport infrastructure, spatial econometric models are used in this study. Anselin 

(1988, p.7) describes spatial econometrics as “the collection of techniques 

concerning the peculiarities caused by space in the statistical analysis of models on 

regional sciences”. Anselin (1999, p. 3) clarifies this definition by adding a statement 

“spatial econometrics deals with methodological concerns that follow from the 

explicit consideration of spatial effects, such as spatial autocorrelation and spatial 

heterogeneity”.  

 

     According to Anselin (1988), there are two types of spatial effects; spatial 

dependence (or spatial autocorrelation) and spatial heterogeneity. Spatial dependence 
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which has mostly been investigated in the field of regional science is involved with 

Tobler’s (1979, p.379) first law of geography, “everything is related to everything, 

but near things are more related than distant things”. In the existence of spatial 

dependence, standard econometric techniques often fail, thus spatial econometrics 

models are needed (Anselin, 1999). On the other hand, spatial heterogeneity is about 

the instability of parameters over space and spatial heterogeneity problems can be 

solved by standard econometric techniques (Anselin, 1988).  

 

     Spatial dependence (spatial autocorrelation) can be modelled in two ways. First 

specification is referred as the Spatial Lag Model (SAR) and includes 𝑊𝑦, a spatially 

lagged dependent variable. Second specification is referred as the Spatial Error 

Model (SEM) and contains 𝑊𝜀 a spatially lagged error term (Anselin and Bera, 

1998). More generally, Anselin (1988) labelled the model that contains both spatially 

lagged dependent variable and spatially lagged independent variables as Spatial 

Durbin Model (Elhorst, 2010). Thus the spatial Durbin model (SDM) includes both 

the Spatial Error Model (SEM) and the Spatial Lag Model (SAR) (LeSage and Pace, 

2009). Elhorst (2010) explicates two strengths of spatial Durbin model which may be 

seen a landmark in the field of spatial econometrics. Spatial Durbin model generates 

unbiased coefficients and produces both local and global spillover effects (Elhorst, 

2010).  

 

     Selecting the appropriate specification model is quite a problematic process for 

researchers. Elhorst (2010) summarizes linear spatial econometric models (Figure 

5.1) and claims that starting with the most general model is the best way to analyze 

spatial effects. Similarly, LeSage and Pace (2009) consider the spatial Durbin model 

as a best point to begin. The adjusted Lagrange multiplier (LM) test which is 

recommended by Anselin et al. (1996) is used to decide which model is appropriate 

to the data. Elhorst (2010) suggests to estimate spatial Durbin model if the results of 

the LM-test and the robust-LM test reject both spatial lag and spatial error models.  
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     The Cobb-Douglas production function in Equation 5.4 can be shown as follows 

in a spatial Durbin model framework: 

 

𝑌𝑡 = 𝜌𝑊𝑌𝑡 +  𝑋𝑡𝛽 + 𝑊𝑋𝑡𝜃 + 𝜇 + 𝛼𝑡𝜄𝑁 + 𝑢𝑡                           (5.8) 

 

where Y is an Nx1 vector of regional GDP, X is an 1x4 matrix of dependent variables 

which contains private capital per capita, employment, human capital stock, and 

transport infrastructure stock; WY is the endogenous interaction effects among the 

dependent variable; WX is the exogenous interaction effects among the independent 

variables, 𝜌 is the spatial autoregressive coefficient, 𝜃 and 𝛽 are 4x1 vector of fixed 

parameters, 𝜇 is a vector of spatial fixed or random effects, 𝛼𝑡is the time period fixed 

or random effects,  𝜄𝑁 is an Nx1 vector of ones. The logic behind a spatial Durbin 

model is that a change in the independent variable for a region may affect the 

dependent variable in neighboring regions (LeSage and Pace, 2009).  

 

     Unlike the spatial error model and spatial lag model, coefficients from spatial 

Durbin model results cannot interpret as elasticities (Arbués et al., 2015). Elhorst 

(2012) suggests using direct, indirect and total effects estimates by employing 

rewritten form of SDM as: 

 

𝑌𝑡 = (𝐼 − 𝜌𝑊)−1 𝛼𝐼𝑁 +  (𝐼 − 𝜌𝑊)−1 (𝑋𝑡𝛽 + 𝑊𝑋𝑡𝜃) + (𝐼 − 𝜌𝑊)−1 𝜀         (5.9) 

 

where I is the identity matrix, 𝐼𝑁 is an nx1 vector of ones. By taking a partial 

derivative of Y, following NxN matrix which represents marginal effects can be 

obtained (Tong et al., 2013): 

 

𝜕𝑌

𝜕𝑋𝑘
=  (𝐼 − 𝜌𝑊)−1(𝛽𝑘𝐼 + 𝑊𝜃𝑘)                           (5.10) 

 

     Lesage and Pace (2009) calculates the direct effects from the diagonal elements of 

the matrix while off-diagonal elements demonstrate indirect effects. The direct effect 

contains a change in an independent variable on dependent variable in a region and 

indirect effect (spillover effect) includes a change in an independent variable on 
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dependent variable in all regions (Tong et al., 2013). Finally, total impact consists of 

direct and indirect (spillover effects) effects (Chen and Haynes, 2015).     

 

     In the spatial Durbin model, spatially lagged dependent variable WY may cause 

endogeneity problem with residuals. That is why ordinary least squares (OLS) 

estimation method results can be biased and inconsistent. Anselin (1988) suggests 

employing maximum likelihood (ML) estimation for this situation.  

   

     The stating point of spatial econometric models is justifying the existence of 

spatial autocorrelation in the data with specification tests. The most popular test for 

spatial autocorrelation is Moran’s I test which is a measure of global spatial 

autocorrelation. We employ Moran’s I test which can be expressed as: 

 

𝐼 =
𝑁

𝑊
 
Σ𝑖Σ𝑗 𝑤𝑖𝑗(𝑥𝑖−𝑥̅) (𝑥𝑗− 𝑥̅)

Σ𝑖 (𝑥𝑖−𝑥̅)2                                     (5.7) 

 

where 𝑥 is the variable of interest, 𝑥̅ is the mean of 𝑥; wij is a spatial weight  matrix, 

N is the number of spatial units indexed by i and j, W is the sum all wij (Moran, 

1950).  The results from the models mentioned in this chapter will be demonstrated in 

the next chapter.  
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CHAPTER  SIX                                                                                           

RESULTS 

 

     Taking into account the spatial spillover effects that highlighted in the literature 

review section, we test spatial autocorrelation in the model by using Moran’s I 

statistics as a spatial diagnostic test. Table 6.1 displays the results from Moran’s I 

statistics for both dependent and independent variables. Since testing Moran’s I with 

panel data is not possible, we use cross section data with a spatial weight matrix from 

the same year. The results show evidence of highly significant and positive spatial 

autocorrelation, which indicates a cluster tendency.  

 

Tablo 6.1 Moran’s I statistics results for all variables 

 Y H K T T-1 T-2 T-3 

2004 0.714*** 0.327*** 0.405*** -0.021 -0.022 -0.019 -0.021 

2005 0.712*** 0.330*** 0.408*** -0.021 -0.022 -0.019 -0.021 

2006 0.712*** 0.329*** 0.408*** -0.021 -0.023 -0.020 -0.021 

2007 0.712*** 0.326*** 0.405*** -0.022 -0.023 -0.020 -0.022 

2008 0.712*** 0.327*** 0.403*** -0.022 -0.023 -0.020 -0.022 

2009 0.711*** 0.327*** 0.402*** -0.022 -0.023 -0.020 -0.022 

2010 0.711*** 0.327*** 0.402*** -0.022 -0.023 -0.020 -0.022 

2011 0.714*** 0.325*** 0.401*** -0.022 -0.023 -0.020 -0.022 

2012 0.714*** 0.327*** 0.407*** -0.020 -0.022 -0.020 -0.023 

2013 0.714*** 0.327*** 0.407*** -0.020 -0.022 -0.020 -0.023 

2014 0.712*** 0.327*** 0.402*** -0.021 -0.022 -0.020 -0.023 

Note: *** denotes statistical significance at the 1% level 

 

     We also test Moran’s I statistics from OLS estimation residuals for Equation 5.6 

to check robustness of the previous results. As seen at Table 6.2 and Figure 6.1, the 

results from different spatial weight matrices are very close. Basically the findings 

from both Table 6.1 and Table 6.2 support the hypothesis that the variables are 

spatially linked among regions, and omitting spatial effects of transport infrastructure 

may cause biased estimations. Thus, a simple OLS estimate would be insufficient for 

the analysis. Therefore, we analyze the relationship between transport infrastructure 

and regional economic output by using spatial econometric models. 
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Tablo 6.2 Moran’s I statistics results from residuals of OLS estimation 

Years  Moran’s I 
2004 9.323*** 

2005 9.421*** 

2006 9.402*** 

2007 9.492*** 

2008 9.487*** 

2009 9.532*** 

2010 9.533*** 

2011 9.471*** 

2012 9.512*** 

2013 9.512*** 

2014 9.517*** 
Note: *** denotes statistical significance at the 1% level 

 

 

Figure 6.1 Changes in Moran’s I statistic 

 

     To decide which model is more appropriate to test for spatial dependence, LM 

and robust LM tests can be used. These tests are based on the residuals of a non-

spatial model and examine the possibility of simplifying spatial Durbin model to 

spatial lag model or spatial error model (Elhorst, 2012). LeSage and Pace (2009) 

suggest to choose spatial Durbin model when LM test is rejected for both spatial lag 

and spatial error model. Table 6.3 shows the LM test and robust LM test results for 

the Equation 5.6. The hypothesis of no spatially lagged dependent variable and the 

hypothesis of no spatially autocorrelated error term must be rejected at 1 percent 

significance. Basically, these rejected hypotheses point out to spatial Durbin model 

(Elhorst, 2012). 
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Tablo 6.3 Lagrange multiplier (LM) test results 

 Spatial Error Spatial Lag  

 LM Robust LM LM Robust LM 

2004 82.699*** 23.775*** 200.158*** 141.235*** 

2005  84.420***   23.397***   203.405***   142.382***  

2006 84.079*** 23.279*** 203.259*** 142.456*** 

2007 85.691*** 22.609*** 205.817*** 142.735*** 

2008 85.587*** 22.509*** 205.672*** 142.594*** 

2009 86.395*** 22.227*** 207.021*** 142.854*** 

2010 86.401*** 22.238*** 207.047*** 142.883*** 

2011 85.285*** 22.497*** 204.847*** 142.059*** 

2012 86.043*** 22.527*** 206.003*** 142.487*** 

2013 86.043*** 22.527*** 206.003*** 142.487*** 

2014 86.138*** 22.379*** 205.823*** 142.064*** 
Note: *** denotes statistical significance at the 1% level 

 

    Following Elhorst (2012), we employ Hausman’s specification test to distinguish 

between the random effects model and fixed-effects model in the spatial Durbin 

model. Hausman specification test results suggest using the fixed-effects models for 

Model 1. The results can be seen in Table 6.4. From a theoretical point of view, 

considering the spatial effects as random is also not sufficient (Arbués et al., 2015). 

Moreover, we only consider spatial fixed-effect and do not account time fixed effect 

in our model. Following Chen and Haynes (2015), we exclude the time fixed effect 

since all data are stationary according to panel unit root test, and thus time fixed 

effect is not essential in our model.  

 

    According to the SDM with spatial fixed-effects estimation results for Model 1 

(Table 6.4), human capital (H) and private capital (K) have highly significant and 

positive effects on regional GDP (Y) for all spatial weight matrices from 2004 to 

2014. However, it can be seen at Table 6.4 that none of transport infrastructure stock 

variables -including lagged transport infrastructure stock- have significant effect on 

output. The spatial autocorrelation coefficient (rho) is positive and significant for all 

estimations indicating the existence of spatial correlation among NUTS 2 regions. 

The spatial effects of explanatory variables in Table 6.4 reveal that human capital 

(H) and private capital (K) have also positive and significant spillover effects. These 

coefficients show that spillover effects of human and private capital variables are 

higher than main effects on regional GDP. For the case of transport infrastructure 
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stock variables, the results are very convincing. While the transport infrastructure 

stock in the same year from the dependent variables (T) has neither main effects nor 

spatial effects, lagged transport infrastructure in the neighboring regions affects 

regional GDP positively. Although these estimators give a general idea about 

interactions among regions, in order to interpret the magnitude of the direct and 

indirect effects, we need to examine the results in Table 6.5. 

 

     Table 6.5 shows the results of direct, indirect (spillover), and total effects of the 

variables from the SDM estimations in Table 6.4. Human capital and private capital 

have significant direct and indirect effects for all estimations with different spatial 

weight matrices from 2004 to 2014. The total effects of human capital and private 

capital are in the range 0.737-0.754 and 0.805-0.831 respectively. These two capitals 

have significant contribution to regional GDP. Also it is noteworthy to indicate that 

the spillover effects of human and private capital are larger than the direct effects. 

Clearly this means that an increase in human capital or private capital in the region i, 

have a positive effect on the average regional GDP in other regions.  

 

     The results from transport infrastructure stock variables interestingly show that 

transport infrastructure do not have significant direct effect on regional GDP. On the 

other hand, three year-lagged transport infrastructure (T-3) and two year-lagged 

transport infrastructure (T-2) have significant positive spillover effects. The positive 

coefficients from indirect effect of lagged transport infrastructure stock indicate that 

development of transport infrastructure in a region causes an increase at the GDP of 

neighboring regions.  It is also important to underline the evidence from Table 6.5 

that the older the transport investments, the higher the impacts on GDP. Basically, a 

1% increase in three year-lagged transport infrastructure stock in one region 

increases the regional GDP in all regions by in a range of 0.118%-0.120%. Similarly, 

a 1% increase in two year-lagged transport infrastructure stock in one region 

increases regional GDP in all regions by in a range of 0.101%-0.105%. Despite this, 

transport infrastructure stock variable (T) do not show any indirect contribution to 

the GDP.   
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     It is also important to analyze the changes of the spatial effects of the variables, 

since we use 11 different spatial weight matrices. Based on the indirect effects of all 

transport infrastructure stock variables in Table 6.5, the changes of the indirect effect 

elasticities are shown in Figure 6.2. According to Figure 6.2, it is clear that the 

coefficients are stabile over different spatial weight matrices. This means that the 

estimation results are not affected by the usage of multiple spatial weight matrices.  

 

 

Figure 6.2 Changes in spillover effects for Model 1 

 

     Table 6.6 displays the results from SDM for Model 2. According to Hausman test, 

fixed-effects model is employed for all estimations with different spatial weight 

matrices. Following Chen and Haynes (2015), we exclude time fixed effect in Model 

2 as well. The spatial autocorrelation coefficient (rho) is also positive and significant 

like in Model 1. 
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     Essentially, findings from Model 2 are similar with Model 1. Both human capital 

(H) and private capital (K) variables are highly significant and affect regional GDP in 

a positive way. Conversely, three year-lagged transport infrastructure variable (T-3) 

is not significant in Model 2 like in Model 1. One important difference between the 

results from Model 1 and Model 2 is about human capital variable’s insignificant 

spillover effects (Table 6.6). While human capital is the biggest explanatory of 

regional GDP, it loses its significance when the spatial effects are considered. It is 

also noteworthy that the spatial effect of three year-lagged transport infrastructure 

variable is significant at 1% (p<0.01) level. We focus on the results from Table 6.7 to 

interpret the magnitude and the sign of the coefficients.  

 

     Table 6.7 represents the findings of direct and indirect effects of Model 2 with 

different spatial weight matrices. Based on the results, the three year-lagged transport 

infrastructure investments (T-3) at neighboring regions affect regional GDP in a 

positive and significant way in a range of 0.163-0.168. Along with this human capital 

(H) and private capital (K) variables have also great effect on neighboring region’s 

GDP according to indirect spatial effects from Table 6.7. It is clear that human 

capital (H) private capital (K) and transport infrastructure (T-3) play important role 

on regional development.  

 

     Finally, we check the changes of the indirect effect elasticities of explanatory 

variables from Model 2 which can be seen at Figure 6.3. Based on the trend of the 

coefficients from explanatory variables, the results are not sensitive to different 

spatial weight matrices.  
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Figure 6.3 Changes in spillover effects for Model 2 
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CHAPTER  SEVEN                                                                          

CONCLUSION  

 

     In this study, the output elasticity of transport infrastructure stock in Turkish 

regions is estimated by using spatial Durbin model.  To our knowledge, this is the 

first study to measure the spatial effects of the recent transport infrastructure 

investments in 26 NUTS regions in Turkey.  The novelty of this study is defining the 

neighborhoods that change over time because of reduction of the travel time between 

regions. By considering the recent transport infrastructure investments which cause 

the reduction of the travel times in Turkey, we measure the real time distance 

between NUTS 2 regions for each year from 2004 to 2014 to create multiple spatial 

weight matrices.  We use the augmented Cobb-Douglas production function with 

panel data and obtain highly significant results for human capital and private capital 

variables in all estimations. The most striking finding from both models is that 

lagged transport infrastructure variable has highly significant and positive spillover 

(indirect) effects on the regional output. The lagged transport infrastructures have no 

direct effects in none of two models, which are clearly surprising.  

 

     It can be summarized that the road transport infrastructure investments contribute 

the regional output indirectly in Turkey. The results also give important evidence on 

the impacts of using multiple spatial weight matrices in spatial econometric models. 

Basically the coefficients from the spatial models are stabile over different spatial 

weight matrices.  

 

     These results may have some policy implications. Essentially the findings expose 

the importance of spillover effects of road transport infrastructure. Any improvement 

in the road transport infrastructure in a region causes a GDP increase in the 

neighboring regions. Therefore, policy-makers may consider the road transport 

infrastructure network as a whole when deciding the allocation of the investments. 

Regarding the positive spillover effects of transport, boosting connectivity between 

developed and less-developed regions may increase growth rate of both regions.  
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     Moreover, as indicated in the Introduction section, infrastructure plays a 

prominent role in both economic growth and income inequalities. Even though our 

empirical test results give no evidence on the effects of infrastructure on regional 

economic inequalities, it is possible to draw attention to prospective role of 

infrastructure on inequalities in Turkey by taking into account its effect on spatial 

location of economic activities. As a policy instrument for lower economic 

disparities, improving road transport infrastructure network and thus reducing 

transport costs may and may not lead to convergence (Puga, 2002). A better 

connection between developed and less-developed regions can cause widen the 

disparities, as Puga (2002, p.24) states “the roads have lanes going both ways”. Thus, 

instead of interregional and intra-core infrastructure improvement which fosters 

agglomerations, intra-periphery infrastructure improvements can be used to reduce 

regional disparities (Minerva and Ottaviano, 2009). However, it is clear from the 

targets of Ministry of Transport and Communication that Turkey encourages intra-

core infrastructure by connecting the economic centers with highways (Figure 3.6).  

Since many researchers have analyzed the economic disparities in Turkey such as 

Gezici and Hewings (2004), Yıldırım et al (2009), Yıldırım and Öcal (2006), 

Karahasan (2015), Doğruel and Doğruel (2003), Filiztekin and Çelik (2010), and 

have underlined the high level of disparities between and within the regions since 

1980s, there should be more improvements in local infrastructure in the less-

developed regions in the eastern part of Turkey for 2023 targets to diminish regional 

disparities.    

  

     As Nijkamp (1986) noted, an advanced transport infrastructure generates 

sufficient conditions for regional development, however it does not adequate alone. 

Since there are no direct effects of transport infrastructure, policy-makers need to 

reflect transport infrastructure not as a major contributor of the regional economy 

anymore and need to reconsider the transport infrastructure based-regional 

development policies.  

 

     A limitation of this study is about the data-gathering process at the regional level 

from TurkStat. Further studies could extent the time period of the analysis if 
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TurkStat launches more recent regional GDP data. Another suggestion for further 

studies is using multiple spatial weight matrices in estimation instead of adding each 

year’s spatial weight matrices separately as in our study. And lastly, investigating the 

impacts of transport infrastructure with a spatial econometric model on different 

sectors may reveal the spatial linkages of the road transport infrastructure network.  
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