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Abstract 

This paper is the first to analyze the productivity spillovers from foreign direct investment       

using Turkish firm level data for a more recent time period, 2003-2010. This period coincides 

with significant FDI inflows both in manufacturing and service sector firms in the region. The 

empirical model is derived from endogenous growth theory whereby growth in total factor 

productivity       is modeled by the rate of technological progress which in turn is partly 

determined by technology transfers and spillovers from international contacts, our exclusive 

focus being on FDI induced spillovers. We evaluate the impact of FDI onto the firm-level 

productivity via the channels of horizontal and vertical linkages. The empirical results show that 

horizontal linkages decrease the productivity of firms whereas vertical linkages exert a positive 

impact onto the local productivity levels thereby drawing attention of policy makers towards 

strengthening of supplier-buyer relationship between local and multinationals in order to 

optimize the benefits from FDI. This study also acknowledges the heterogeneity of local (foreign) 

firms and their differential capacity to absorb (exude) the FDI induced externalities.   
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1 Introduction  

 

This paper looks at the impact of Foreign Direct Investment (   ) onto the Total factor 

Productivity (   ) of host country firms and also identifies the various characteristics of local 

and multinational firms which may trigger/retard productivity growth of local firms in response 

to increased FDI inflows. The notion that FDI may impact the growth of local firms stems from 

the much debated channel of technology spillovers triggered by demonstration/imitation 

effects, labor mobility, competition effects, development of exporting networks and other 

peripheral services and via the creation of backward and forward linkages between local and 

foreign firms. This paper thus looks at the existence of these spillover effects in the context of 

Turkish economy which experienced significant increase in FDI inflows both in manufacturing 

and service sector in the last decade.  

Firstly, this paper broadly looks at the question of whether foreign presence translates into 

technology transfer onto local manufacturing firms via horizontal and vertical spillovers. The 

latter incorporates both backward and forward linkages/spillovers. The horizontal technology 

spillovers are a result of intra-industry linkages whereas vertical technology spillovers are an 

outcome of inter-industry linkages between local and foreign firms. In modern literature 

vertical linkages are considered a more powerful avenue of technology transfer than horizontal 

linkages as there are private benefits involved in transferring technology between locals and 

foreign firms when linked in upstream or downstream production (Blalock & Gertler, 2008). 

However the measure of vertical linkage in most of the empirical works which ensue in this 

direction primarily concentrates on spillovers emanating from foreign presence in other 

manufacturing sectors while neglecting the service sector altogether. In this paper we use a 

more comprehensive measure of vertical linkages which incorporates spillovers originating 

from both manufacturing and service sector. This modification is important for a more 

complete analysis of technology spillovers given the shifting trend of increasing FDI influx in 

service sector especially when privatization and de-regularization in this sector has opened new 

opportunities for foreign investors. This paper also explores other avenues of technology 

transfer such as export and import activities which is often ignored in previous studies. Another 

contribution of this paper is that it is based on the latest firm level data-set for Turkey which 

ranges from 2003 to 2010, a period which corresponded to large FDI influx in the country. Much 

of the past work on FDI spillovers pertaining to Turkey are based on earlier periods of 1990-

2001. Hence our study serves as a comparison as to how productivity spillovers have evolved 

over time.  

Our empirical findings suggest that horizontal spillovers translate into decrease in productivity 

whereas increased backward and forward linkages result in increase in productivity for firms. A 
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more detailed analysis undertaken in the latter half of the paper reveals that the FDI spillovers 

are contingent on the underlying characteristics of local and multinational firms. As far as the 

characteristics of multinationals are concerned we find that much of the increase in local 

productivity levels due to vertical spillovers emanate from majority-owned1 and domestic-

oriented2 foreign firms. On the other hand the characteristics of local firms which impact 

horizontal spillovers are their export/import orientation and the technology gap between local 

firms and their industrial leader.  Similarly for vertical spillovers we find that size of local firms 

and proximity to multinationals, specifically in the case of backward spillovers matter in 

determining the spillover effects.  

The remainder of the paper is structured as follows. Section 2 and 3 presents a survey of 

theoretical and empirical studies pertaining to productivity spillover analysis, respectively. The 

theoretical literature with respect to intra- and inter- industry spillovers distinguishes studies 

which differ with reference to the channel or the mechanism via which spillovers occur. Section 

0 presents the general trends with respect to FDI inflows in Turkey. The period analyzed in this 

study shows a transition in FDI inflows from relatively stable levels to phenomenally high levels, 

post 2005, thereby allowing us to trace the progression of productivity changes as a result of 

increased foreign presence in the region. Section 5 presents the econometric model and 

methodology used in our analysis. The details with respect to the data source and sample 

construction are presented in section 6. Our preliminary finding that foreign firms record a 

higher measure for total factor productivity validates our exploration for technology spillovers 

undertaken in the subsequent chapter where this relationship is empirically tested. Section 7 

thus presents and discusses our regression results. From these results conclusions are drawn in 

section 8, which are aimed at deriving policies that can maximize the benefits from backward 

and forward spillovers and alternately to minimize the losses accrued as a result of horizontal 

spillovers.               

2 Literature Review 

 

Kopecky & Koizumi (1977) were the first to explicitly model     induced technology spillovers 

by assuming that technology transfer via demonstration/imitation effect is an increasing 

function of a country’s stock of foreign capital. Here the technology transfer mechanism is 

taken as an “automatic” process that requires no learning investment on part of the local firms. 

Built on similar lines, Findlay’s (1978) model purports that technology transfer is determined 

not only by the extent of foreign presence but also by the relative backwardness of the 

                                                        
1 Majority-owned foreign firms have foreign equity share of at least 50% whereas partially-owned foreign firms have a share of 

less than 50%.  
2 Domestic-oriented foreign firms have an export share that is less than or equal to 50% of the total sales of the firm.   
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economy with respect to the investors. Das (1987) model is again based on the ad-hoc 

modeling of technology transfer where it is taken as an externality or a public good.  

Given the deficiencies of the previous models, Wang & Blomstörm (1992) developed a model 

whereby technology transfer via foreign direct investment is derived as an endogenized 

whereby learning investment on part of local firms serves as a key factor in determining their 

ability to benefit from FDI induced technology spillovers. However if the absorptive capacity of 

the local firms is not sufficient then as argued by Aitken & Harrison (1999) foreign owned firms 

would undercut the market share of local companies operating in the same sector thereby 

forcing them to spread their fixed costs over decreased production levels and hence decreasing 

their observed productivity levels. Though the underlying theme of the subsequent theoretical 

models developed by Sawada (2010) and Perez (1997) is that the initial technology gap serves 

as a key measure of a firm’s absorptive capacity but other factors (for example, size, regional 

proximity to foreign firms and type of foreign investment) can also influence spillovers and 

hence should be taken into account when modeling spillovers.  

Fosfuri et al. (2001) and Glass & Saggi (2002) endorse that the movement of human capital 

from foreign subsidiaries to local firms’ results in tacit knowledge transfer which consequently 

raises productivity of local firms. Nonetheless in case of continued labor extraction especially of 

skilled personals from local to foreign firms, this may adversely affect the total factor 

productivity of local firms and hence generate negative spillover effects (Sinani & Meyer, 2004; 

Görg & Greenaway, 2004). 

The theoretical models developed to explain the productivity impact of inter-industry linkages 

emphasize on two different sources of productivity gains. One strand of literature focuses on 

tracing the change in the market share of local supplier (buyer) firms as a result of foreign entry 

in downstream (upstream) sector to derive changes in the local productivity levels. Markusen & 

Venable’s (1999) and Rodriguez (1996) argue that the impact of multinationals on backward 

linkages in the host is explained via two opposing effects referred to as the ‘competition’ and 

the ‘demand’ effect.  The competition effect decreases backward linkages as local firms are 

displaced by foreign firms due to increased foreign competition thereby decreasing the demand 

for local inputs.  On the other hand the demand for inputs increases as foreign firm source a 

fraction of their inputs from local suppliers. Hence the net effect on backward linkages depends 

upon the dominance of competition effect vis-à-vis the demand creation for local inputs by 

foreign firms. An analogous argument can be made in case of forward linkages. The second 

strand of literature incorporates the possibility of vertical technology spillovers as a source of 

productivity gain (Linn & Saggi, 2005). 
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3 Empirical Studies 

 

The empirical literature undertaken in this regard presents mixed results with reference to FDI 

and its impact on firm level productivity levels. The literature comes in three waves3. The first 

generation of empirical studies employs cross-sectional industrial level data. These studies 

mostly find evidence for positive horizontal spillovers. However the results of these pioneering 

empirical studies are questionable due to the problem of reverse causality and omission of 

unobservable firm-, time and sector specific variables (Tang, 2008). The second wave of 

literature uses firm level panel data and concludes that foreign presence has either no effect or 

can induce a negative productivity spillover effects in developing economies. The third wave of 

literature emphasizes the importance of inter-industrial linkages in generating positive spillover 

effects. A meta-analysis based on 57 empirical studies conducted between 2003 and 2013 

shows the relative importance of vertical linkages as a potential channel of technology 

transfer/spillovers for local firms (Havránek & Iršová, 2011).   

In the context of Turkey, Aslanoğlu (2000) is the first study which analyzes the spillover effects 

due to foreign presence using the 1993 survey results on the largest 500 firms collected by the 

Istanbul Chamber of Commerce (ISO). The results show that horizontal spillovers have no effect 

on the average labor productivity of domestic firms. Pamukçu & Taymaz (2009) analyzes FDI 

induced productivity spillovers using Turkish plant level data from 1983-2001 and find that 

foreign presence has a negative impact onto the productivity of local firms operating in the 

same sector whereas positive productivity spillovers are recorded due to foreign presence in 

the same region. Köymen & Sayek (2010) uses an unbalanced panel data of Turkish 

manufacturing firms from 1990-2001 to calculate firm level productivities (TFP) using 

Levinsohn-Petrin methodology which is then regressed onto both intra- and inter-sectoral 

measures of linkages between local and foreign firms. After taking the absorptive capacity of 

firms into account, only backward linkages are found to exert a positive and significant impact 

onto the productivity of local firms. Sönmez & Pamukçu (2011) and Erdogan (2011) are the only 

known studies that analyze FDI induced spillovers post-2001. Both show a positive impact of 

horizontal spillover while ignoring other avenues of technology transfer.  

4 Foreign Direct Investment in Turkey 

 

Until recently Turkey’s performance in terms of attracting FDI inflows remained low. FDI inflows 

in 1990’s and early 2000 were fairly suppressed relative to other developing countries despite 

                                                        
3 Refer to Alfaro et al (2009), pp. 1-2 for a detailed analysis on the progression of literature pertaining to FDI and firm level 

productivity over time.   
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progressive trade and financial liberalization regimes pursued by Turkey, post 1980 (Erdilek, 

2003). There are several reasons for Turkey’s failure to attract FDI during this period. Firstly, 

Turkey’s foreign investment policy continued to subject foreign firms to special authorization 

restrictions and sectoral limitations (Economic Research Forum, 2005). Moreover economic and 

political uncertainty kept the foreign investment low. During this period Turkey experienced 

two major economic crises in 1994 and 2001 which led to decrease in GDP of more than 5% 

each time (Yilmaz & İzmen, 2009).  

Figure 4.1: Annual FDI Inflows (in billions US Dollars) 

Source: UNCTAD 

 As shown in Figure 4.1 the FDI inflows4 remained below the $1 billion mark until 2001. The 

upsurge in FDI inflows in 2001 is mainly attributed to the $1.4 billion Global System of mobile 

communication (GSM) tender rendered by Telecom Italia. However the financial crisis in this 

year resulted in FDI levels to return to their low levels in subsequent years before reaching 

record levels of growth between 2005 and 2007. The FDI inflows reached $10.03 billion in 2005, 

$20.19 billion in 2006 and the highest was recorded at $22.05 billion in 2007. In spite of the fall 

in the FDI inflows in 2008 to $19.76 billion, this figure still qualifies as one of the highest FDI 

inflows in Turkish history. The onset of financial crisis in late 2008 translated into fall in FDI 

inflows in 2009 to $8.66 billion before posting a recovery of $9.08 billion in 2010, $16.05 billion 

in 2011 and $12.42 billion in 2012 (UNCTAD, 2014). A similar trend follows when looking at FDI 

that is exclusively targeted towards the manufacturing sector in the region (OECD, 2014).      

Underlying the success of FDI performance in the latter half of 2000s is the successful 

implementation of IMF structural adjustment program initiated after the 2001 financial crisis to 

address the long standing issue of macroeconomic stability in the country (Economic Research 

                                                        
4 According to Foreign Direct Investment Law No. 4875, FDI is defined as the sum of the (1) net foreign equity investment, (2) 

reinvested earnings by foreign firms,  (3) other capital (which includes investment credits received by foreign firms by their 
foreign partners) and (4) transfers for acquisition of real estate by foreigners (Undersecretariat of Treasury, 2010).  The 

UNCTAD and OECD FDI database also employ this definition when computing FDI inflows.  
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Forum, 2005). The improved investment climate coupled with excess global liquidity helped 

attract record levels of FDI in Turkey (Hisarciklilar, Karakas & Asici, 2014). Additionally a new FDI 

Act was introduced in 2003 (Law No. 4875) which guaranteed non-discriminatory treatment 

and equal rights to foreign and national investors. Apart from these measures the 

commencement of accession talks between European Union (EU) and Turkey in December 2004 

marked a significant surge in FDI inflows in Turkey as it signaled to foreign investors the 

prospect of continued efforts by the government for improving the investment climate in the 

country (Yilmaz & İzmen, 2009). Poland, Czech Republic and Hungary also experienced similar 

spikes in FDI inflows following the initiation of their EU negotiations in 1997 (Köymen & Sayek, 

2010). 

The sector-wise distribution of FDI inflow reveals that service sector received 80% of the total 

FDI inflows between 2003 and 2010 (Figure 4.2) compared to 48% during the late 1990s and 

early 2000s (Sayek, 2007). This is aligned with the recent international trend of increasing 

dominance of service sector as recipient of FDI inflows. Within the service sector, “Financial 

Intermediation” ranked as the highest FDI receiving sector which attracted $30.5 billion during 

2003 and 2010 and accounted for 40.9% of the total FDI inflows in Turkey. “Transport, trade 

and communication” ranked the second highest FDI recipient sector within services sector with 

the total FDI inflow of $12.4 billion which accounted for 16.6% of the total FDI inflows in Turkey 

during 2003-2010. “Electricity, gas and water supply” accounted for 7.5% ($5.6 billion) while 

the service sector “Wholesale, Trade and communication” accounted for 5.9% ($4.4 billion) of 

total FDI inflows during 2003-2010.   

Figure 4.2: Sector-wise Distribution of FDI Inflows, 2003-2010 (%) 

 
 
Source: Compiled from the Annual FDI reports (2006-2011) published by Undersecretariat of Treasury and OECD 
FDI database 
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The FDI share of manufacturing sector as displayed in Figure 4.2 is 18.5%. This can be 

contrasted with the share of 52% which the manufacturing sector enjoyed during the late 1990s 

and early 2000s (Sayek, 2007). Even though the share of FDI inflows in the manufacturing sector 

has decreased but this trend does not undermine the fact that the overall magnitude of FDI 

inflows in this sector has increased over the years. Within the manufacturing sector the 2-digit 

NACE Rev 1.1 industry of Food products, beverages and tobacco (15 & 16) was the highest 

recipient of FDI inflow of $3.4 billion during 2003-2010. This is followed by Chemical & 

pharmaceuticals (24) and Basic and fabricated metal products (27 & 28) with FDI inflows of $2.5 

billion and $2.2 billion respectively (Undersecretariat of Treasury, 2006-2011). 

An analysis of the origin of the FDI inflows reveals that 71.2% of the total FDI inflows in Turkey 

during 2003-2010 originated from the OECD countries (OECD, 2014). Since developed and 

emerging economies which possess superior technology are the main source of FDI in the 

region therefore it can be argued that FDI can serve as a possible avenue of technology transfer 

and productivity gains in the region. 

5 Econometric Model and Methodology 

 

In order to investigate the impact of foreign direct investment onto the productivity of 

manufacturing firms we adopt a step wise approach whereby the first step involves estimation 

of firm level total factor productivity       and the second step involves regressing the derived 

firm’s total factor productivity onto a number of covariates including different measures of 

foreign presence. 

5.1     Total Factor Productivity Estimation  

As a starting point we assume a Cobb Douglas production function therefore the production 

function underlying any particular firm takes the following form: 

               
      

   (5.1) 

where                        

In equation (5.1),       is value added;       is the value of gross output produced;     
5 is the 

capital stock;        is the number of workers employed;       is the value of raw material;       is 

                                                        
5 The capital stock series       is not available in the dataset hence it is constructed using the perpetual inventory method 

which makes use of firm level information on investment levels. The initial capital stock is calculated using the steady state 
approach developed by Harberger (1978) where the depreciation rate is alternatively assumed to be 10, 15, 20 and 30 percent. 
In case the initial capital stock turns out to be negative or zero we discard these values and instead use the initial capital stock 
of a firm in the same 2 digit industry which has similar attributes (Özler & Yilmiz, 2007). The attribute used for matching firms is 
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the energy expenditure and      is the total factor productivity       of firm   belonging to 

industry   at time period  6.  

Taking natural logs of equation (5.1)  yields a linear production function which takes the 

following form: 

                             (5.2) 
where the lowercase depicts the variables in logarithmic form 

In equation (5.2),        is replaced by the term        . The first component    measures 

the mean efficiency level across firms over time and       is the firm specific deviation from that 

mean. This error term is further decomposed into two components i.e.                where 

the former,      represents that portion of the unobservable firm-level productivity which is 

correlated with the input choices whereas the latter term,       is the idiosyncratic error term 

which is uncorrelated with factor inputs specified in our model (Van Beveren, 2012). After 

incorporating this disintegrated form of error term, our model transforms as follows: 

                                   (5.3) 
 

The presence of      results in the well-known simultaneity problem in the estimation of 

production functions. Typically a positive productivity shock which is captured by      and is 

observable to a producer but not to an econometrician translates into an increase in input 

usage and output. Similarly a negative productivity shock implies a decrease in output and input 

usage. This renders the exogeneity assumption involving our input variables and the 

conventional estimation techniques, invalid.  

We therefore employ a semi-parametric approach developed by Levinsohn & Petrin     , 2003 

which takes account of simultaneity bias in production function estimation. This approach uses 

intermediate inputs     as a proxy for unobservable productivity shock7. Its counterpart, a 

semi-parametric approach developed by Olley & Parks     , 1996 takes investment as the 

proxy. The intermediate goods serves as a better proxy for productivity shocks as the 

adjustment costs pertaining to material inputs such as raw material and energy usage are 

considerably less than that for investment. 

                                                                                                                                                                                   
alternately taken to be the average output per labor (Y/L), average material usage per labor (M/L) and energy usage per labor 
(E/L). 
6 All variables (except labor input) are measured in 2003 Turkish Liras. 

7 Refer to Levinsohn & Petrin (2003) and Petrin, Poi & Levinsohn (2004) for a detailed explanation of the approach. 
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The production function estimation is required for the subsequent computation of a 

firm’s     . The production function is separately estimated for each sector on the pretext that 

factor elasticities may differ across sectors. The total factor productivity, TFP is then estimated 

as a Solow residual. This is represented as follows:  

  ̂     ̂          ̂           ̂        ̂      (5.4) 

where    ̂     ̂          ̂     

5.2 Productivity Spillover Analysis 

To examine whether FDI generates intra- or inter-industry productivity spillovers we adopt a 

modified version of an empirical model which has been extensively used in literature (see 

Javorcik, 2004). The following empirical model is derived from endogenous growth theory 

whereby productivity changes are linked to technological changes which are in turn determined 

by policies pertaining to trade, foreign direct investment and in-house technology development 

decision. Given this theoretical backdrop, equation (5.5) particularly incorporates trade 

variables i.e. firm level measures of export and import shares along with variables capturing 

both direct and indirect effects of foreign presence. The resultant empirical model is 

represented as follows:        

                                                           
                                                          
                   

(5.5) 

 

where    is the firm-fixed effect,    is the industry-fixed effect,    is the region fixed effect and 

   is the time fixed effect. Here firm-level total factor productivity       is taken to be a 

function of foreign equity share      , horizontal spillovers     , backward linkages     , 

forward linkages     , export share          , import share          , size of the firm 

         , herfindahl index       and quality of labor      which is proxied by the lagged 

measure of wage per worker  

For the construction of intra- and inter-industry productivity spillover variables we use the 

definition used by Javorcik (2004). The horizontal spillover        measures the level of foreign 

penetration in the firms’ own industry j at time period t. It is measured as follows: 

      
∑            

∑       
 (5.6) 

where       is the foreign owners’ share in plant i at time t and     is the production value of 

plant i. The value of       ranges from 0 to 1, where zero implies a fully domestic owned firm 

and 1 depicts a fully-foreign owned firm.  
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The measure of backward linkages              is defined as follows: 

           ∑        
   

 (5.7) 

where     is the proportion of industry j’s output which is supplied to industry k and      is the 

measure of horizontal linkages, measuring the strength of foreign presence in terms of their 

production/sales in industry k. Our measure of backward linkages measures foreign presence in 

the downstream sector which includes both manufacturing and service sector firms.  

Similarly, the measure of forward linkages              is defined as follows: 

           ∑     
   

 
∑                   

∑              
 (5.8) 

 

where     is the proportion of industry k’s output purchased by industry j;      is the production 

value and      represents the exports of firm i operating in industry j at time period t. As we 

are only interested in the amount of intermediate goods that foreign firms sell in the domestic 

market, the amount that foreign firm produce for exports is excluded from our measure of 

forward linkages. Our measure of forward linkages measures foreign presence in the upstream 

sector which includes both manufacturing and service sector firms. 

Both the coefficients     and     , which measure the flow of intermediate goods and services 

across sectors, are derived using a similar approach developed by Javorcik (2004). These 

coefficients are approximated using the 2002 Input-Output (I/O) table for Turkey, which is 

available only at 2-digit International Industrial Classification (ISIC) level8.  The approach used by 

Javorcik (2004) to estimate these coefficients excludes the products supplied for final 

consumption purposes but includes the imports of intermediate goods. According to Barrios, 

Görg & Strobl (2011), the latter specification is problematic as it implicitly assumes that 

domestically produced inputs are used in the same proportion as imported inputs by foreign 

firms. Moreover since the sale of imported inputs to foreign firms in the downstream sectors 

does not represent productivity gains for domestic suppliers therefore it needs to be excluded 

from our measure of     . A similar argument can be made for     . As the Turkish I/O tables 

present the distinction between imported and domestically produced goods therefore we use 

the latter i.e. the table which excludes imports, for the construction of our input-output 

coefficients (Gorodnichenko et al. 2007; Ayyagari & Kosová, 2010; Barrios et al. 2011).  

                                                        
8 This approach assumes that industrial linkages do not change significantly over time (Hoi & Pomfret, 2010). Ideally input-

output coefficients should have been computed annually.  
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6 Data 

 

The underlying Turkish firm/enterprise9 level data used in this study is obtained from the 

Annual Industry and Service Statistics (AISS) collected by Turkish Statistical Institute (TurkStat). 

The data is available from 2003 to 2010 and covers economic activities of all firms with 20 or 

more employees. Firms with less than 20 employees are selected on sampling basis. Each firm 

has a unique ID which allows us to trace them over time. The enterprise specific information 

contained in the dataset includes data on its main economic activity, sales, value added, 

number of employees, payment to workers, fixed capital investment on tangible and intangible 

assets, age, ownership structure (local, foreign and public) and location of the firm at the 

NUTS2 level10. 

The firm level export and import data is taken from the Foreign Trade data set collected by the 

Ministry of Foreign Affairs and accessed via the Turkish statistical office (TurkStat). This data set 

contains information about the entire population of firms that are engaged in export/import 

activities from 2003 to 2013. 

In this study since we are interested in the impact of foreign presence onto the manufacturing 

firms therefore in the final data set only manufacturing firms belonging to NACE Rev 1.1. 

sectors ranging from 15 to 37 at the two digit level are retained. Also in our final data set we 

only use private firms with at least 20 employees and which appear in at least three 

consecutive years. For every year the top and bottom 0.5% of the data pertaining to our key 

economic variable (except data on labor input) are dropped from the data set to take care of 

outliers. After accounting for missing values and other data cleaning procedures our final data 

set is an unbalanced panel comprising of 80,060 plant-year observations over the period of 

2003-201011.   

Turning to the descriptive analysis, Table 6.1 presents the sector-wise distribution of foreign 

owned vs. local firms at 2-digit NACE level in our final dataset. The sectors with the highest 

foreign presence are Tobacco (16), Chemical products (24), Motor Vehicles (34), Petroleum 

products (23) and Medical Instruments (33). The sectors with the lowest foreign presence are 

Leather products (19) and Office machinery and Computers (30). From 2003 to 2010 the ratio of 

foreign firms is a modest 3.4%. 

                                                        
9
 The main unit of analysis is an “enterprise” which is defined as an autonomous body involved in the production of goods or 

services. An enterprise may be involved in one or more economic activities and can have multiple operational units. 
10 Turkey is included in the Nomenclature of Territorial Units for Statistics (NUTS) according to Eurostat standards. The NUTS 
is divided into three levels, NUTS1, NUTS2 and NUTS3 which divides Turkey into 12 regions, 26 sub-regions and 81 provinces 
respectively. 
11 The detailed account of data cleaning and transformation procedure is available on request.  
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Table 6.1: Sector-wise Distribution of the Number of Firms in all Plant-Years accordıng to Ownership 

Structure (2003-2010) 

 

Other indicators of foreign presence are represented in Figure 6.1. The different parameters 

used to gauge the extent of foreign presence across sectors include the average share of 

foreign firms in terms of their number, average output share of foreign firms and average 

employment share of foreign firms. These calculations are based on the entire dataset 

comprising of both manufacturing and service sector firms operating in private sector which 

employ 20+ workers.  

The results show that the sectors with the highest foreign presence measured in terms of 

output share are Tobacco (16), Motor Vehicles (34), Radio, Television & Communication (32), 

Chemical products (24) and Electrical Machinery (31). The sectors Tobacco (16), Motor Vehicles 

(34), Chemical Products (24) and Electrical Machinery (31) also feature high when foreign 

presence is measured in terms of their number and employment shares.  

 This information derived from the firm level data set can be contrasted with the industrial level 

information on FDI inflows reported by the Under-secretariat of Treasury. The reports reveal 

that between 2003 and 2010 the highest FDI inflows within the manufacturing sector were 

directed towards the sectors of (1) Food, Beverage & Tobacco, (2) Chemical & Pharmaceutical 

NACE_code NACE_industries Local Firms Foreign Firms Total Share of FA (%)

15 Food 7,904 328 8,232 3.98

16 Tobacco 33 26 59 44.07

17 Textiles 12,009 226 12,235 1.85

18 Wearing Apparel 12,052 212 12,264 1.73

19 Leather products 1,873 3 1,876 0.16

20 Wood products 1,004 12 1,016 1.18

21 Paper products 1,678 106 1,784 5.94

22 Publishing & Printing 1,642 26 1,668 1.56

23 Petroleum products 109 10 119 8.40

24 Chemical products 2,092 331 2,423 13.66

25 Rubber & Plastic products 4,540 249 4,789 5.20

26 Other Non-metallic products 5,579 129 5,708 2.26

27 Basic Metals 2,483 43 2,526 1.70

28 Fabricated metal products 6,295 216 6,511 3.32

29 Machinery & Equipment 7,160 204 7,364 2.77

30 Office Machinery & Computers 48 0 48 0.00

31 Electrical Machinery 2,128 104 2,232 4.66

32 Radio,Television & Communication 362 10 372 2.69

33 Medical Instruments 608 50 658 7.60

34 Motor Vehicles 2,985 332 3,317 10.01

35 Other transportation 741 25 766 3.26

36 Furniture 4,476 116 4,592 2.53

37 Recyclying 48 3 51 5.88

Total 77,849 2,753 80,602 3.42

Notes : Plants with 10 or more foreign ownership shares are defined as foreign affil iate (FA) firms.

Source: Author’s calculations from TurkStat Annual Business Statistics database
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products, and (3) Basic metals and fabricated metal products. This shows that the foreign 

dominance in Tobacco (16) and Chemical production (24) that we derived from firm level 

information can be explained by the increased FDI inflows. As for the remaining sectors their 

foreign dominance may be driven by investment of their retained earnings.       

An exclusive focus on the service sector reveals that Electricity, Gas & Water supply (40-41), 

Transport, Trade & Communication (60-64) and Wholesale, Trade and Communication (50-52) 

have strong foreign presence in terms of their number, output and employment shares.  

When pooling all sectors together the overall average foreign presence measured in terms of 

their number, employment and output shares is 3.5%, 9.4% and 17.7% respectively. From here 

it can be inferred that foreign presence is most dominant in terms of output or sales. This trend 

is consistent with Ramstetter (2012) findings for developing Asian countries whereby foreign 

affiliates accounted for relatively large shares of production/sales but relatively small shares in 

terms of number and employment.  

Figure 6.1: Sector-wise Measures of Average Share of Foreign Firms 

 
Source: Author’s calculations from TurkStat Annual Business Statistics database 

 
Table 6.2 presents a comparison between local and foreign firms.  It shows that foreign owned 
firms have a higher ratio of sales per labor, value-added per labor, material usage per labor, 
energy expenditure per labor, capital per labor, wage per labor and total factor productivity 
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than their local counterparts. The possession of a higher measure of total factor productivity in 
case of foreign firms validates our exploration of technology spillover analysis undertaken in 
subsequent sections. A year-wise comparison of foreign and local firms based on the same 
parameters reinforces the fact that the trend that foreign firms score higher on all dimensions 
is consistent over time.  

Table 6.2: Comparison between Local and Foreign Firms 

 

In Table 6.3 the overall mean and standard deviation of linkage variables is presented. The 

average horizontal spillover between 2003 and  2010 is 12%. This is close to Sönmez & Pamukçu 

(2012) estimate of 12.2% for the Turkish economy for the period 2003-2006. This measure can 

be contrasted with the average horizontal spillovers of 9.7% estimated for the period 1991-

2001 by Köymen & Sayek (2010).  The increase in horizontal spillovers from 9.7% to 12.2% can 

be explained by the significant increase in FDI inflows in the recent time period i.e. 2003-2010.  

The average backward and forward linkages between 2003 and 2010 are 7.7% and 10% 

respectively. A comparison of these measures with that of prior studies show an overestimation 

in our measures. This can be explained by the fact that the measure of vertical linkage in most 

of the empirical works which ensue in this direction primarily concentrate on spillovers 

Variables Obs Mean Std. Dev.

ln(Sales per Labor) 80602 11.160 0.878

ln(Value added per labor) 80602 10.149 1.051

ln(TFP)* 80602 7.961 1.427

ln(Material usage per labor) 80602 10.404 1.166

ln(Energy expenditure per Labor) 80602 7.476 1.102

ln(capital per labor)** 80602 9.611 1.547

ln(Wage per labor) 79012 8.784 0.470

ln(Sales per Labor) 2753 11.862 0.836

ln(Value added per labor) 2753 10.959 1.102

ln(TFP)* 2753 8.857 1.538

ln(Material usage per labor) 2753 11.115 0.989

ln(Energy expenditure per Labor) 2753 7.717 1.069

ln(capital per labor)** 2753 10.390 1.317

ln(Wage per labor) 2463 9.474 0.642

ln(Sales per Labor) 77849 11.135 0.869

ln(Value added per labor) 77849 10.121 1.041

ln(TFP)* 77849 7.929 1.412

ln(Material usage per labor) 77849 10.379 1.164

ln(Energy expenditure per Labor) 77849 7.467 1.103

ln(capital per labor)** 77849 9.583 1.547

ln(Wage per labor) 76549 8.762 0.446

Source: Author’s calculations from TurkStat Annual Business Statistics database

Notes:

(1) *TFP is computed using the Levinsohn-Petrin production function estimation 

procedure. (2) **The capital stock series is constructed assuming a depreciation 

rate of 20% and using Y/L as the matching criteria for initial capital stock if 

turns out to be 0 or negative. (5) Plants with atleast 10% foreign ownership 

shares are defined as foreign affil iate (FA) firms.  (4) Calculations are based on 

the final data set.

All plants

Foreign plants

Local plants
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emanating from foreign presence in other manufacturing sectors while neglecting the service 

sector altogether. In this study we use a more comprehensive measure of vertical linkages as it 

incorporates spillovers originating from service sector as well.  The breakdown of the 

cumulative measure of backward and forward linkages reveals that almost half of the inter-

industry spillover effects originate from the service sector. These results signify the importance 

of incorporating service sector in our measure of backward and forward linkages. For 

comparison across studies, Table 6.3 also presents the vertical spillovers originating from 

manufacturing sector alone. Our measure for backward linkage          of 3.9% is slightly 

higher than 3.7% recorded for the period 1991-2001 by Köymen & Sayek (2010). This measure 

averaged at 3% from 1990-1996 according to Yilmaz  & Taymaz (2008). Similarly our measure 

for forward linkage           of 4.1% is higher than 3.6% recorded for the period 1990-2001 

by Köymen & Sayek (2010) and 3.9% recorded for the period 1990-1996 by Yilmaz & Taymaz 

(2008).  

Table 6.3: Summary Statistics of Linkage Variables (2003-2010) 

 

 

7 Empirical Results and Discussion  

7.1 Production Function Estimation 

Table 7.1 presents the Levinsohn & Petrin estimates of a Cobb Douglas Production function. 

These estimates have been derived under the assumption that material expenditure acts as a 

proxy for unobservable productivity shock. The results show that in all the industries the 

estimate for elasticity of labor is positive and statistically significant however the capital 

elasticity estimates are significant only for select industries. The seemingly large estimates for 

labor elasticity in case of Petroleum Products (23) and Office Machinery & Computers (30) and 

the negative capital elasticity for Petroleum Products needs to be interpreted cautiously as 

these are based on small number of observations.  

Variable Obs Mean Std. Dev.

HS 80602 0.121 0.116

BL_total 80602 0.077 0.043

FL_total 80602 0.100 0.032

BL_man 80602 0.039 0.038

BL_ser 80602 0.038 0.025

FL_man 80602 0.041 0.022

FL_ser 80602 0.059 0.014

Source:  Own Calculations
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Table 7.1: Levinsohn-Petrin Estimates of Production Function (2003-2010) 

 

The average labor and capital elasticity across sectors is estimated at 0.75 and 0.12 

respectively. This can be contrasted with the Levinsohn-Petrin production function estimates 

using 1990-2001 Turkish firm level data whereby the average labor and capital elasticity were 

computed to be 0.78 and 0.22 respectively (Köymen & Sayek, 2010). The sector wise Wald Test 

for constant returns to scale reveals that sectors which satisfy the condition of constant returns 

to scale include: Tobacco (16); Publishing & Printing (22); Petroleum products (23); Basic Metals 

(27); Office Machinery & Computers (30); Electrical Machinery (31); Motor Vehicles (34) and 

Recycling (37). In order to verify that the failure of constant returns to scale condition for most 

of the sectors does not affect the subsequent results pertaining to spillover analysis, alternative 

measures of production function estimates were obtained using a modified version of 

Levinsohn-Petrin approach whereby energy rather than material expenditure is used as a proxy 

for productivity shocks. This yields results which are aligned with the assumption of constant 

NACE_code NACE_industries   ln(Labor) S.E. ln(K) S.E. Observations Wald test

15 Food 0.562*** (0.0225) 0.121*** (0.0228) 9,942 150.3***

16 Tobacco 0.448*** (0.150) 0.273 (0.320) 79 0.435

17 Textiles 0.700*** (0.0130) 0.0659*** (0.0145) 13,182 166.9***

18 Wearing Apparel 0.761*** (0.0131) 0.0721*** (0.0131) 12,899 76.52***

19 Leather products 0.639*** (0.0480) 0.104*** (0.0312) 2,041 19.06***

20 Wood products 0.661*** (0.0585) 0.0269 (0.0510) 1,196 17.86***

21 Paper products 0.723*** (0.0699) 0.0878* (0.0526) 1,862 5.613**

22 Publishing & Printing 0.843*** (0.0565) 0.114** (0.0489) 1,833 0.470

23 Petroleum products 1.113*** (0.242) -0.255 (0.299) 138 0.179

24 Chemical products 0.750*** (0.0458) 0.114*** (0.0379) 2,924 6.969*

25 Rubber & Plastic products 0.744*** (0.0339) 0.115*** (0.0241) 5,327 15.44***

26 Other Non-metallic products 0.738*** (0.0278) 0.0993*** (0.0236) 6,291 30.73***

27 Basic Metals 0.815*** (0.0490) 0.172*** (0.0525) 2,895 0.0688

28 Fabricated metal products 0.714*** (0.0347) 0.0762** (0.0335) 7,029 27.55***

29 Machinery & Equipment 0.708*** (0.0297) 0.102*** (0.0214) 7,947 27.91***

30 Office Machinery & Computers 1.424*** (0.472) 0.220 (0.505) 52 1.213

31 Electrical Machinery 0.897*** (0.0394) 0.125** (0.0580) 2,680 0.152

32 Radio, Television & Communication 0.618*** (0.0879) 0.150 (0.104) 431 3.952**

33 Medical Instruments 0.681*** (0.107) 0.0750 (0.0737) 763 3.991**

34 Motor Vehicles 0.788*** (0.0348) 0.140*** (0.0381) 3,423 2.130

35 Other transportation 0.585*** (0.0816) 0.203*** (0.0539) 945 6.579**

36 Furniture 0.706*** (0.0314) 0.0437 (0.0272) 5,077 56.01***

37 Recycling 0.619* (0.367) 0.132 (0.224) 56 0.624

Dependent variable: ln(Value added)

Notes:

(1)Standard errors in parentheses (2) *** p<0.01, ** p<0.05, * p<0.1 (3) Wald test for constant returns to scale (H0: Firms 

exhibit CRTS) (4) Capital construction assumes depreciation rate of 20% (5) The capital stock is constructed using Y/L as 

the matching criteria for initial capital stock if a firm's initial stock turns out to be 0 or negative (6) Estimates are 

obtained using material expenditure as a proxy for productivity shock.

Source: Author’s calculations from TurkStat Annual Business Statistics database
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returns to scale12. In this case the average labor and capital elasticity across sectors is estimated 

at 0.84 and 0.15 respectively and the sector wise measure reveals that 16 out of 23 sectors 

satisfy the condition of constant returns to scale. However these estimates posed no significant 

changes in the subsequent results for productivity and wage spillover analysis13.        

In Table 7.1 the production function estimates are obtained using capital stock series which is 

generated based on a depreciation rate of 20% and using output per labor, Y/L as the matching 

criteria for initial capital stock if it turned out to be zero or negative. Similar estimates are 

obtained using alternative depreciation rates of 10, 15 and 30% and alternatively using material 

expenditure per labor, M/L and energy usage per labor, E/L as matching criteria to account for 

zero or negative initial capital stock values14. Alternately, using depreciation allowance as the 

proxy for capital stock did not significantly change our subsequent spillover results.  

7.2 FDI and Productivity Spillovers 

This section presents and discusses the regression results pertaining to productivity spillover 

analysis. The first part covers the benchmark results. The second part reports robustness checks 

to verify the consistency of our main results. The third part examines the characteristics of local 

firms and multinationals which may trigger these potential spillover effects. 

7.2.1  Benchmark Model  

In Table 7.2, the regression result pertaining to equation (5.5) is presented alternately for all 

firms (comprising of both local and foreign owned firms) and local firms alone. In columns (5) 

and (6) we introduce all three measures of spillovers from foreign presence. This constitutes 

our benchmark model. From Table 7.2 it can be inferred that horizontal spillovers translate into 

decrease in productivity whereas increased backward and forward linkages result in increase in 

productivity for firms. More specifically a 1 percentage point increase in foreign presence in a 

sector translates into an average decrease in total factor productivity of 0.5% for firms 

operating in that sector. In contrast, a 1 percentage point increase in Backward and Forward 

Linkages translate into an average increase in total factor productivity of 1.8% and 2.1% 

respectively (results derived from column 5). Similar results ensue if measures for backward 

                                                        
12 Refer to Appendix A, Table A.1 p. 37 for the Levinsohn-Petrin production function estimates using energy expenditure as a 

proxy for productivity shocks.   
13 Refer to Appendix B, Table B.2 p. 38 for the results pertaining to productivity spillover analysis whereby firm level TFP is 

obtained from Levinsohn-Petrin estimates using energy expenditure as a proxy from productivity shock.    
14 Using Turkish micro level data from 1983-1996, Özler & Yılmaz (2007) assumed depreciation rates of 5%, 10%, 20% and 

30% for building and structure, machinery and equipment, transportation equipment and computer and programming 
respectively, for constructing the initial capital stock series for each of these categories which were later aggregated to form the 
total capital stock series for a firm. We however aggregate the investment series pertaining to both tangible and intangible assets 
for the construction of capital stock series since in the dataset post-2003 the distinction between the investment levels falling into 

different categories is often blurred. For example the survey offers a composite measure of investment in Transportation vehicles, 
machinery equipment and computers rather than a disintegrated measure. Since the total investment is dominated by machinery 
and equipment and transportation equipment, following Özler & Yilmaz (2005) the preferred depreciation rates in our study 
ranges from 10% to 20% however for robustness checks we also employ a rather inflated depreciation rate of 30%.          
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and forward linkages are alternately introduced in our model (results presented in columns 1-4 

of Table 7.2). This shows the relative importance of inter-industry over intra-industry spillovers.    

The mean annual change in backward and forward linkages is recorded at 0.22 and 0.16 

percentage points, respectively15. At these mean levels backward and forward linkages would 

result in approximately 0.39%             and 0.34%             increase in    , 

respectively. 

Table 7.2: Productivity Spillover Analysis Baseline Estimations  

(Fixed Effect estimation) 

  

 

                                                        
15 Results derived from own calculations from TurkStat Annual Business Statistics database 

(1) (2) (3) (4) (5) (6)

All Firms Local Firms All Firms Local Firms All Firms Local Firms

VARIABLES lnTFP lnTFP lnTFP lnTFP lnTFP* lnTFP*

FDI -0.0836 -0.0852 -0.0840

(0.0577) (0.0576) (0.0576)

HS -0.577*** -0.618*** -0.536*** -0.618*** -0.537*** -0.576***

(0.202) (0.212) (0.202) (0.212) (0.203) (0.212)

BL_total 2.255*** 2.456*** 1.847*** 2.031***

(0.643) (0.666) (0.669) (0.693)

FL_total 2.791*** 2.456*** 2.120** 2.215**

(0.866) (0.666) (0.901) (0.931)

L.EXshare 0.0417 0.0423 0.0418 0.0423 0.0407 0.0411

(0.0282) (0.0289) (0.0282) (0.0289) (0.0282) (0.0289)

L.IMshare 0.111*** 0.112*** 0.111*** 0.112*** 0.110*** 0.111***

(0.0254) (0.0263) (0.0254) (0.0263) (0.0254) (0.0263)

L.scale_Y 0.0842*** 0.0965*** 0.0843*** 0.0965*** 0.0843*** 0.0967***

(0.00606) (0.00702) (0.00607) (0.00702) (0.00607) (0.00702)

HHI -0.768** -0.797** -0.801** -0.797** -0.779** -0.809**

(0.382) (0.394) (0.392) (0.394) (0.385) (0.399)

L.lnQL 0.169*** 0.165*** 0.168*** 0.165*** 0.167*** 0.162***

(0.0140) (0.0144) (0.0140) (0.0144) (0.0140) (0.0144)

Constant 10.03*** 9.994*** 9.917*** 9.994*** 9.916*** 9.878***

(0.238) (0.248) (0.244) (0.248) (0.244) (0.254)

Observations 63,430 61,223 63,430 61,223 63,430 61,223

R-squared 0.125 0.125 0.125 0.125 0.125 0.125

Number of firms 14,475 14,099 14,475 14,099 14,475 14,099

Notes: (1) Robust standard errors in parentheses (2) *** p<0.01, ** p<0.05, * p<0.1 (3) All 

regressions include Industry, Regional & Year Dummies. (4) The capital stock series which 

underlies the dependent variable (lnTFP) is constructed assuming a depreciation rate of 20% 

and using Y/L as the matching criteria for initial capital stock if it turns out to be 0 or 

negative. (5) lnTFP* is the benchmark model.
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A negative horizontal spillover is explained by the adverse competition effect induced by the 

entry of foreign owned firms in a given sector (Aitken & Harrison, 1999). In our case intra-

sectoral technology spillovers or knowledge dissemination seems insufficient in compensating 

for loss in productivity induced by the adverse competition effect.  A positive impact of 

multinationals on backward (forward) linkages and hence productivity can be explained by the 

dominance of demand (supply) creation due to foreign entry vis-à-vis demand (supply) 

destruction as some of the local firms are displaced due to competition effect (Linn & Saggi, 

2005; Markusen & Venable, 1999). Moreover in modern literature vertical linkages are 

considered a more powerful avenue of technology transfer than horizontal linkages as there are 

private benefits involved in transferring technology between locals and foreign firms when 

linked in upstream or downstream production (Blalock & Gertler, 2008). 

The control variables also bear the expected results. The lagged coefficient of export share 

(L.EXshare) is positive but insignificant implying that export status does not account for increase 

in productivity for firms. The coefficient of import share (L.IMshare) is positive and significant 

implying that imports are a potential source of technology transfer and hence productivity 

improvement for firms sourcing their inputs and machinery from abroad. These results are 

consistent with previous findings where evidence is more overwhelming with reference to 

imports being a more significant channel of technology transfer rather than exports (Keller, 

2009). The size of the firm (scale_Y) also plays a major role in explaining the differences in firm 

level productivity. The coefficient for Herfindahl index (HHI) is negative and significant implying 

that monopoly or concentration of few firms in an industry results in fall in productivity for the 

firms. This can be explained by the fact that decreased competition in an industry diminishes 

any incentive to invest in in-house R&D activities or technology transfer from elsewhere 

thereby rendering the firms less productive. Labor quality (QL) also seems to play a positive and 

significant role in explaining the differences in firm level productivity across firms.    

To further decipher the source of inter-sectoral technology spillovers, Table 7.3 separately 

presents the spillovers generated from linkages with foreign firms in other manufacturing and 

service sectors. The results show that most of the increase in productivity from backward 

linkages is attributed to the spillovers from foreign affiliates located in other manufacturing 

sectors whereas in case of forward linkages this increase in productivity originates from links 

with foreign firms located in service sectors. In other words the presence of foreign-service 

providers increases the productivity of local manufacturing units operating in the downstream 

sector whereas presence of foreign buyers in the manufacturing sector induces the most 

benefits onto the productivity of local manufacturing units operating in the upstream sector.  

The failure of previous studies to find a significant role of forward linkages in explaining 

productivity growth in host country can be explained by the fact that these studies ignore the 

linkage between local manufacturing and service sector firms, the route via which spillovers 
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originate as per our results. This implies that the over-emphasis on the importance of backward 

linkages needs to be balanced by the acknowledgment of an equally important role of forward 

linkages.     

Table 7.3: The Role of Manufacturing vs. Service Sector Firms in generating Inter-sectoral Spillovers 

 

The previous spillover studies conducted for Turkey however present mixed results as they 

differ with respect to the time period and methodology used. Using firm level data from 1990-

1996, Yılmaz & Taymaz (2008) find that industry based measures of horizontal, backward and 

forward linkages all have a positive and significant impact on the local productivity levels. Their 

paper also employs product-based measures of linkages, the results for which show that only 

backward linkages are able to retain their sign and significance with respect to their impact on 

(1) (2) (3) (4) (5) (6)

All Firms Local Firms All Firms Local Firms All Firms Local Firms

VARIABLES lnTFP lnTFP lnTFP lnTFP lnTFP lnTFP

FDI -0.0854 -0.0867 -0.0879

(0.0576) (0.0576) (0.0577)

HS -0.540*** -0.581*** -0.610*** -0.657*** -0.589*** -0.638***

(0.204) (0.213) (0.205) (0.214) (0.208) (0.218)

BL_man 2.575* 2.403* 3.567** 3.448**

(1.393) (1.444) (1.397) (1.447)

FL_man 0.733 0.860 -1.375 -1.302

(1.143) (1.181) (1.199) (1.239)

BL_ser 0.797 1.029 0.817 1.034

(0.746) (0.780) (0.746) (0.780)

FL_ser 9.758*** 9.954*** 10.70*** 10.87***

(2.040) (2.113) (2.119) (2.196)

L.EXshare 0.0411 0.0418 0.0450 0.0457 0.0437 0.0443

(0.0283) (0.0289) (0.0282) (0.0289) (0.0283) (0.0289)

L.IMshare 0.111*** 0.112*** 0.113*** 0.114*** 0.113*** 0.114***

(0.0254) (0.0263) (0.0254) (0.0263) (0.0254) (0.0264)

L.scale_Y 0.0841*** 0.0964*** 0.0845*** 0.0969*** 0.0845*** 0.0969***

(0.00606) (0.00702) (0.00607) (0.00702) (0.00606) (0.00701)

HHI -0.805** -0.837** -0.732* -0.758* -0.726* -0.752*

(0.392) (0.406) (0.384) (0.396) (0.384) (0.397)

L.lnQL 0.170*** 0.166*** 0.168*** 0.164*** 0.167*** 0.163***

(0.0141) (0.0145) (0.0140) (0.0144) (0.0140) (0.0145)

Constant 10.05*** 10.02*** 9.704*** 9.665*** 9.691*** 9.653***

(0.239) (0.249) (0.249) (0.258) (0.249) (0.258)

Observations 63,430 61,223 63,430 61,223 63,430 61,223

R-squared 0.124 0.125 0.125 0.125 0.125 0.126

Number of firms 14,475 14,099 14,475 14,099 14,475 14,099

Notes: (1) Fixed-effect estimation used (2) Robust standard errors in parentheses (3) *** p<0.01, 

** p<0.05, * p<0.1 (4) All regressions include Industry, Regional & Year Dummies. (5) The capital 

stock series which underlies the dependent variable (lnTFP) is constructed assuming a 

depreciation rate of 20% and using Y/L as the matching criteria for initial capital stock if it 

turns out to be 0 or negative. 
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local productivity levels. Another study by Köymen & Sayek (2010) which uses the firm level 

data from 1990-2001 and closely follows the methodology used in our study reveals that 

positive productivity spillovers are attributed to backward linkages alone while horizontal and 

forward linkages play no role in generating spillovers. Sönmez & Pamukçu (2012) is the only 

known study conducted for post 2001 period using the TurkStat data. This study is restricted to 

2003-2006 and looks at the impact of firm level production (instead of    ) onto horizontal 

spillovers alone. The results show that horizontal spillovers have a positive and a significant 

impact on a firm’s production level.       

7.2.2 Robustness Checks 

Our results continue to hold across different specifications of dependent variable which 

emerges from using different criterions for constructing our capital series by assuming different 

depreciation rates of 10, 15, 20 and 30% and by using different criteria for constructing the 

initial capital stock in case zero or negative values emerge as a result of applying the steady 

state approach for its estimation16.  

Additionally we compute firm level total factor productivity using the Levinsohn-Petrin 

approach for production function estimation whereby we use energy expenditure as a proxy for 

productivity shock rather than the conventionally used expenditure on intermediate goods 

(Appendix B, p. 39). Unlike our previous production function estimates this approach yields 

labor and capital coefficients that are aligned with the assumption of constant returns to scale. 

As a result of this modification the results remain comparable with our benchmark results 

presented in the first two columns of Table B.2.      

As a further check to ensure that the results are not being driven by a particular sector, the 

regressions were re-run by one-by-one excluding the top five sectors in terms of foreign 

presence (i.e. Tobacco (16), Motor Vehicles (34), Chemical products (24), Electrical machinery 

(31) and Radio, television & communication (32)). Again this exercise did not significantly 

change our results. 

7.2.3 Characteristics of Local and Multinational firms and Spillover effects  

Our benchmark model assumes that foreign presence translates into equal benefits for local 

firms while holding other factors constant. This may be a far-fetched notion given the 

heterogeneity of local firms and their differential capacity to absorb the FDI induced 

externalities. Therefore in this section we allow for the possibility of spillover affects to vary 

                                                        
16 Total Factor Productivity (TFP) is estimated as a Solow residual therefore any change in capital series will change our 
estimates for TFP. 
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across local firms depending upon their characteristics and that of multinationals from where 

these spillover effects originate17. 

1. Does foreign ownership share matter in FDI spillovers? 

As argued by Javorcik & Spartareanu (2008) the ownership structure of foreign owned projects 

is likely to have an impact on both horizontal and vertical spillovers. With respect to horizontal 

spillovers, joint ventures or partially-owned foreign firms offer greater access to foreign 

technology which in turn translates into greater learning opportunity for their local partners. 

The technology spillovers are realized as local partners venture out to employ the acquired 

foreign technology in their own operations not involving foreign shareholders. Moreover in 

joint ventures since local partners are mostly involved in hiring and placement decision of 

workers they tend to appoint local staff at key technical and managerial positions without 

taking sufficient actions to prevent employee turnover. The subsequent labor mobility may 

serve as another avenue for technology transfer between foreign and local firms. Altogether 

the increased possibility of knowledge dissemination from partially-owned foreign affiliates to 

local firms in the same sector might mitigate the adverse impact of competition effect induced 

by the entry of foreign firms. In other words the negative horizontal spillovers originating from 

partially-owned foreign projects is expected to be less than the negative effect induced by 

wholly owned firms, assuming that the competition level induced by both kinds of foreign firms 

is the same. Smeets (2008) on the other hand hypothesizes an inverted U-shaped relationship 

between the type of foreign ownership and spillovers. The majority foreign ownership yields 

the largest productivity gains or least productivity losses whereas minority and full foreign 

ownership contribution to productivity gains is either taken to be too small or insignificant. This 

is true for fully-owned foreign firms as they are better at protecting their technology whereas in 

the case of minority- owned foreign firms the technology transfer from parent firm may be too 

insignificant.   

 As far as vertical linkages are concerned we expect partially-owned foreign firms to generate 

greater linkages with their local suppliers and buyers than wholly-owned foreign 

establishments. According to Javorcik & Spartareanu (2008) the explanation for this is twofold. 

Firstly partly-owned foreign firms face lower costs for locating local suppliers and buyers 

therefore their engagement in local markets in terms of sourcing and selling of intermediate 

goods is greater than that for wholly-owned foreign subsidiaries.  Secondly, since wholly-owned 

foreign firms employ more sophisticated technology their input requirements are often more 

complex and therefore difficult to be catered by local markets. On the other hand partly-owned 

foreign firms are more likely to source inputs from domestic sources therefore generating more 

benefits for local firms from backward linkages. Similarly the technology embodied in the 

                                                        
17 Refere to Appendix C,  pp. 39-44 for the regression results presented in this section.  
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intermediate goods produced by fully owned foreign firms are more likely to cater to foreign 

rather than domestic markets given their sophistication level. This implies that jointly-owned 

foreign firms are likely to exude more benefits to local firms via forward linkages than fully-

owned foreign firms. 

 In order to test our hypothesis regarding the role of foreign ownership in generating spillovers 

we construct three different measures for horizontal, backward and forward linkages each, 

which capture the impact of minimum, maximum and full  foreign ownership share on FDI 

spillovers. The revised measures of horizontal and vertical spillovers are represented as follows: 

          
∑                             

∑       
 (7.1) 

         ∑    
   

 
∑                             

∑       
 (7.2) 

         ∑     
   

 
∑                                    

∑              
 (7.3) 

where                  is a dummy variable which takes the value of 1 if ownership share of 

foreign firms is greater or equal to 10% but less than 50%. Similarly for the construction 

of         ,          and          the dummy variable takes the value of 1 if ownership 

shares of foreign firms are greater than or equal to 50% but less than 100%. In the case 

of          ,           and           the dummy variable takes the value of 1 if ownership of 

foreign firms is equal to 100% and is zero otherwise.  

The regression results are presented in Table C.3. As robustness checks the results are 

presented using alternative measures of dependent variable where      * corresponds to our 

benchmark model18.  

Aligned with our expectations, since partially-owned foreign projects have a larger network of 

local suppliers and buyers therefore they contribute more in increasing the productivity levels 

of firms affiliated with them in either upstream or downstream production activities. This is 

inferred from the significant and positive coefficients of the terms,        and       . On 

the other hand the vertical spillovers attributed to fully-owned foreign projects are insignificant 

for both backward and forward linkages          and         . These empirical findings are 

consistent with evidence from Japanese multinationals operating in 24 countries (Belderbos, 

Capannelli, Fukao, 2001), Swedish multinationals operating in Eastern and Central Europe 

(UNCTAD, 2001) and multinationals operating in Romania (Javorcik & Spartareanu, 2008). 

Although the scope of these prior studies is limited to the impact of foreign ownership share on 

                                                        
18 Further robustness checks are also conducted which involve using different measures of dependent variable obtained from 

varying the depreciation rate for constructing capital series and using modified version of the Levinsohn-Petrin approach 
whereby energy expenditure is used as a proxy for productivity shocks rather than expenditure on intermediate goods production 
function estimation. In all cases the results remain comparable.   
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backward linkages, our study looks at the impact of foreign ownership share on both backward 

and forward linkages.     

However our results pertaining to the impact of foreign ownership share on horizontal 

spillovers is not consistent with conventional theory. The results show that minority and 

majority owned foreign firms which both qualify as being partially-owned foreign firms exert a 

negative impact whereas wholly owned foreign firms pose no (or limited) threat on to the 

productivity of local firms. This negative impact decreases and becomes insignificant as we 

move from minimum to fully-owned foreign projects. For partially owned foreign firms the 

negative productivity impact may be explained by the transfer of sub-standard technology 

which does not benefit local firms much along with the fact that these firms may pose a more 

direct competition for their local counterparts and undercut their market shares. The wholly 

owned firms on the other hand possess more advanced technology19 which often enables them 

to cater to an altogether different market segment comprising of foreign demand or high end 

clientele. Ramstetter & Ngoc (2009) study using Vietnamese firm level data shows that export 

propensities are higher for multinationals with ownership share of 90% or greater. Our data 

also confirms that out of the total number of partially-owned and fully-owned foreign firms the 

share of foreign oriented firms i.e. firms with at least 50% export shares are 16% and 58% 

respectively. Therefore in the case of wholly-owned firms given a combination of more 

advanced yet more protected technology coupled with lowered threat to local competition as 

markets segments differ, breeds the possibility that they would pose less negative impact on to 

local firms than what would be expected from partially owned foreign firms20 

2. Does market orientation of foreign firms matter in developing linkages with local markets? 

This section analyzes the impact of domestic vs. foreign market oriented multinationals on the 

strength and direction of spillovers onto the local manufacturing units. Since domestic market 

oriented foreign firms pose greater competition for their local counterparts operating in the 

same industry therefore we expect the negative impact from horizontal spillovers to be more 

magnified in case it originates from domestic market oriented multinationals than that from 

foreign market oriented multinationals (Girma, Görg & Pisu, 2008). Similarly in case of 

backward and forward linkages since domestic oriented foreign firms are more likely to buy or 

sell their products in the local market i.e. since they build greater linkages in the local economy 

therefore this should translate into greater FDI induced productivity spillovers for local firms. 

                                                        
19 The notion that wholly-owned foreign firms possess more sophisticated technology is supported by evidence from 

Ramachandram (1993), Mansfield & Romeo (1980) and Desai, Foley & Hines (2004), all of which point towards the fact that 
transfer of technology is more rapid in case of wholly owned firms than partly-owned or foreign licensed firms.    
20 This argument assumes differential changes in competition effect, ex-post the entry of partly and wholly foreign owned 
establishments in the market. Alternately it can be argued that foreign ownership share is itself determined by the level of 
competition in the market place. Wholly-owned foreign firms are preferred when competition is intense due to the need to protect 
its technology whereas partly-owned foreign firms are more prevalent when competition levels are low.       
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In order to test this hypothesis we construct two different measures of horizontal, backward 

and forward linkages each. One measure captures the spillover effects originating from foreign 

firms with export shares of at least 50% and the other measure captures the spillovers 

originating from foreign firms with export shares that are less than 50%. The former type of 

foreign owned firms are referred to as foreign market oriented firms       whereas the latter 

are referred to as the domestic market oriented      . The measures for spillovers from 

domestic market oriented firms are represented as follows: 
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where     is a dummy variable which equals one if export share of multinationals is less than 

or equal to 50% and zero otherwise. Similarly          ,          and          is 

constructed whereby the dummy variable is replaced by     which equals one if export share 

is more than 50% and zero otherwise.  

The corresponding regression results are presented in Table C.4. As per expectations most of 

the negative impact from horizontal spillover originates from domestic oriented foreign 

firms         . The foreign market oriented foreign firms seem to have a negative yet 

insignificant impact on local firms located in the same industry         . As for backward 

linkages, domestic market oriented foreign firms tend to benefit local supplier firms whereas 

the foreign market oriented foreign firms have a negative impact on the productivity of local 

supplier firms. The positive and significant coefficient of        is consistent with theory as 

these firms have a greater propensity to source locally than those focused on exporting. The 

negative coefficient for        is also plausible as foreign acquisitions often replace the 

network of  local suppliers with foreign suppliers therefore destroying local linkages which in 

turn results in decrease in productivity for local suppliers (Rodríguez, 1996). In case of forward 

linkages, again domestic market oriented foreign firms show greater commitment and 

contribute more in developing linkages and increasing productivity of their local buyers than 

foreign oriented firms21.  These results are consistent with Girma, Görg & Pisu (2008) study for 

UK manufacturing firms except for the significant results pertaining to forward linkages.   

3. Does size matter in FDI spillovers? 

                                                        
21 The construction of          already excludes exports of foreign firms therefore it essentially measures the impact of 

intermediate good sales by foreign firms in the local market. In that sense the division of the measure of          into domestic 

vs. export oriented multinationals may seem redundant. In order to correct for this another specification using          instead 

of its sub-divisions, also confirms our results that horizontal and backward spillovers originate from domestic market oriented 
multinationals whereas the measure for forward linkage is also significant.  
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In this section we analyze whether size of local firms matter in determining their ability to 

benefit from productivity spillovers. In order to test this hypothesis the spillover measures are 

interacted with scale variables and introduced in our benchmark model. The scale of the firm is 

alternately measured via sales and employment shares.  

The results presented in Table C.5 reveal that the only robust results emerge with reference to 

the interaction term between backward linkages and the two measures of the relative size of 

the firm (i.e.            and           ). These interaction terms are negative and 

significant implying that small local establishments in terms of their sales and employment 

benefit more from backward linkages. Foreign affiliates are often more geared towards 

developing their linkages with small producers as their products are cheaper and can be 

tailored according to the requirements of the foreign buyers. Moreover these firms possess 

greater capacity to benefit from spillovers than the large establishments. This result is 

consistent with Yılmaz & Taymaz (2008) findings of only small sized local firms benefitting from 

backward linkages.  

4. Does the export/import orientation of local firms influence their absorptive capacity? 

The export/import status of the local firms may impact their capacity to benefit from spillovers. 

Girma, Görg & Pisu (2008) argue that exporters may avoid the competitive pressure from 

multinationals since they are selling part of their output abroad thereby benefitting more or 

conversely losing less from foreign presence in the same sector. Moreover because of foreign 

exposure these firms may fear better than local firms in competing alongside foreign firms. The 

local exporter firms may also benefit from backward and forward linkages as they can sell part 

of their products or source their inputs from multinationals operating in either upstream or 

downstream industries (Békés, Kleinert & Toubal, 2009). However another strand of literature 

states otherwise that firms with foreign exposure have less to gain from multinationals 

therefore the benefits accruing to local exporter/importer firms from foreign presence is less 

than that for local non-exporter/importer firms (Javorcik, 2004). The theoretically ambiguous 

predictions regarding the effect of foreign presence on local firms with different export/import 

orientation is tested empirically by introducing interaction terms between the measures of FDI 

spillovers and export/import shares of local firms. Table C.6 presents the regression results 

whereby column (1) tests the hypothesis whether export orientation of local firm influence FDI 

spillovers whereas column (2) tests the hypothesis with respect to import orientation of local 

firms.  

The results show that firms with high export and import shares are positively and significantly 

affected by foreign presence in the same sector than firms with limited foreign exposure. This 

result is derived from the positive and significant coefficients of interaction terms pertaining to 
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horizontal spillovers. This result is consistent with the evidence provided by Girma et al. (2008) 

for UK but contrasts with Békés et al. (2009) findings for Hungary whereby non-exporters 

gained more from horizontal spillovers than the exporters. As far as vertical linkages are 

concerned exporters or importers do not benefit from backward and forward linkages. These 

results are consistent across different measures of dependent variable.         

5. Does technology gap influence absorptive capacity? 

In this section we allow for the possibility of spillover affects to vary across firms depending 

upon their absorptive capacity which in turn is proxied via the technology/productivity gap of a 

firm with respect to its industrial leader.  As in Görg & Girma (2005) our measure of absorptive 

capacity (ABC) is defined as follows: 

       
          

               
⁄  (7.7) 

This measure indicates that as total factor productivity of a firm   located in industry j at time 

period t increases i.e. as a firm aligns its      closer to that of its industrial leader this 

translates into an increase in the firm’s ability to assimilate the knowledge spillovers generated 

by the foreign firms operating in either the same or different sectors of the economy. However 

some of the earlier literature emphasizes the criteria of a large technology gap for the 

enhanced speed and magnitude of spillovers as a larger gap indicates a greater provision to 

learn from the foreign firms (Findlay, 1978). In our data the industrial leader are predominantly 

foreign owned establishments.   

In order to test our hypothesis whether decrease in technology gap or alternately increase in 

absorptive capacity actually translates into greater spillovers for local manufacturing units, we 

introduce the following interaction terms in our benchmark model:           

              . The corresponding empirical results are presented in Table C.7. The results 

reveal that only the interaction term with respect to horizontal spillovers is significant. This 

implies that firms which start off with higher productivity levels are able to ward off some of 

the negative effects emanating from foreign presence in the same sector. These firms seem to 

be better equipped at countering the negative effects of foreign competition than firms with 

low initial productivity levels. Our model does not support the notion that technology gap has 

any effect on the firm’s capacity to benefit from backward or forward linkages.       

6. Does proximity to multinationals influence the magnitude of FDI spillovers? 

The theoretical arguments support the notion that geographical proximity between 

multinationals and local firms aid diffusion of technology. It is argued that the transmission 

channels of FDI spillovers are reinforced when geographical region is small (Aitken & Harrison, 
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1999; Girma, 2003; Barrios, Bertinelli, Heinen & Strobl, 2007; Jordaan, 2008 a, b). Several 

arguments have been rendered to justify the claim that location matters in spillovers. Firstly, 

the knowledge spillovers generated via demonstration effects are assumed to be localized as 

personal interaction is involved in this process. Secondly, labor mobility is confined therefore 

the benefits that ensue when a worker leaves a multinational to join a local establishment are 

restricted since workers prefer to remain in the same region. Therefore when considering 

horizontal spillovers, its impact is expected to be more pronounced or less harmful for local 

firms which are located near multinationals than for the ones located farther away. As for 

vertical spillovers if the cost of transportation plays an important role in building supplier-buyer 

relationships then we expect that proximity to multinationals should matter in capturing the 

knowledge spillovers (Halpern & Muraközy, 2007).  

In order to test this hypothesis we make use of regional information in our dataset which 

identifies the location of each firm at the NUTS2 level22. This enables us to compute the 

spillover effects at the regional level.  Our revised spillover measures are represented as 

follows:        measures the intra-industry impact of foreign firms located in the same region 

as the firm;         measures the intra-industry impact of foreign firms located in regions other 

than the one in which the firm operates;                 measures the impact of foreign 

presence in the downstream (upstream) sector located in the same region as the one in which 

the firm operates;                 measures the impact of foreign presence in the downstream 

(upstream) sector located in the region other than the one in which the firm operates. The 

revised measures of horizontal, backward and forward linkages for sector   in region   and at 

time period   is represented as follows: 
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The regression results are presented in Table C.8. In the first two columns we introduce only 

the regional measures of foreign presence. The results show that horizontal spillovers have a 

negative yet insignificant impact on the productivity of firms. For backward linkages we find a 

                                                        
22 The limitation of this approach whereby administrative boundaries are used to define regions is that the regional boundary may 

not be necessarily related to the distance effect that we aim to capture (Crespo et al., 2010). However this may not be much of a 

problem in our study as we are using a fairly broad criteria i.e. NUTS2 level which divides Turkey into 26 different geographical 
regions. On the other hand a finer criterion such as provincial division whic h divides the country into 81 regions carries greater 
chances of wrongly identifying the distance effect between foreign and local firms as firms located near regional boundary on  
either side, technically fall in different regions yet qualify as being close neighbors due to their proximity.            
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positive and significant impact onto the local productivity levels. This lends support to the 

argument that transportation costs matter when it comes to foreign firms establishing supplier 

relationships with local firms. Since foreign firms establish greater links with local supplier firms 

located in its vicinity therefore these local firms tend to benefit most from knowledge 

spillovers. As for forward linkages we find that foreign presence negatively impacts the 

productivity of local firms (although it’s significant only at 10% level of significance). This implies 

that local firms buying intermediate inputs from foreign firms located in the same region may 

not be aligned with local standards or may be too expensive which raises their cost of 

production and ultimately translates into fall in their productivity levels (Merlerede & Schoors, 

2008).    

These results may be biased as they only focus on the regional dimension of spillovers while 

ignoring the possibility of cross regional spillovers. In order to correct for this, in columns (3) 

and (4) of  Table C.8 we introduce the impact of foreign presence both at the regional and 

national level. The results reveal that as expected the impact of horizontal spillovers is less 

pronounced at the regional level than at the national level. The local firms located near the 

multinationals are able to mitigate some of the negative impact of horizontal spillovers than the 

ones located elsewhere. As for backward linkages we find strong evidence that proximity to 

multinationals translates into greater productivity gains for the local firms. The impact of 

forward linkages is present only at a national level implying that foreign firm sales to domestic 

firms do not depend upon the proximity of their local buyers. This may be true as most of the 

forward spillovers emanate from foreign-service sector providers with the provision of services 

being more widespread or alternately less confined to geographical considerations.         

8 Conclusion 

 

This paper is among the first to analyze the productivity spillovers using Turkish firm level data 

ranging from 2003 to 2010, a period which attracted significant FDI inflows into the country. 

The productivity spillover analysis reveals that horizontal spillovers decrease the productivity of 

competitor firms while backward and forward linkages serve as a more powerful avenue of 

technology transfer and hence contribute more significantly in increasing the productivity of 

manufacturing firms involved in upstream and downstream production activities. These results 

draw attention to the strengthening of supplier-buyer relationship between local and 

multinational firms operating in the host country. Moreover our results show that most of the 

productivity gains attributed to backward spillovers emanate from links with foreign firms 

operating in other manufacturing sectors whereas in case of forward spillovers much of the 

benefits emanate from foreign-owned service sector firms. Hence the focus should be on 

strengthening the local supplier base for foreign-owned manufacturing firms operating in the 
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host economy. Similarly the local purchase of services provided by the foreign firms should be 

encouraged as it provides the most benefits for the local units in terms of productivity gains. 

We now turn to some general policy recommendations to strengthen the supplier-buyer 

relationship between local and foreign firms which consequently aims at maximizing the gains 

from foreign presence.    

It has been widely recognized that technology assistance increases the competitiveness of local 

supplier firms and also increases the ability of local buyers to assimilate the benefits embodied 

in the products and services being purchased from foreign firms. Although our results with 

reference to technology gap (Table C.7) does not explicitly support the claim that backward and 

forward linkages are affected by technology differential between local and foreign firms but our 

results do show that most of the vertical spillovers originate from majority-owned and domestic 

market-oriented foreign firms (Table C.3 &Table C.4). This offers some indirect evidence that 

intermediate goods produced by local firms are not compatible with the requirements of fully-

owned or export-orientated foreign firms because of their high quality requirements. Similarly 

sale of products by fully-owned or export-oriented foreign firms does not contribute in 

increasing the productivity levels of local buyers as these products are again deemed 

incompatible for local use. These results point towards the fact that productivity gains from 

backward and forward linkages can be magnified if local suppliers and buyers can improve upon 

their technology and meet the requirements put forth by majority-owned and export-oriented 

foreign firms. Thus the scope of strengthening of supplier-buyer relationship should be 

expanded to merely attracting more of domestic market-oriented and majority-owned foreign 

firms and additionally focus on improving local standards to cater to the more demanding 

foreign firms which constitute majority-owned and export-oriented foreign firms.  In this regard 

government can play an important role to shepherd the advances in technology in the 

economy. Another closely related mechanism which can further narrow the capacity-gap 

between local and foreign firms is by offering management and marketing training to local 

firms.  

Our empirical results show that regional proximity matters for backward spillovers whereas 

forward spillovers are prominent only at the national level (Table C.8). This implies that 

backward linkages can be fostered by encouraging industrial clusters and development of 

important intermediate sectors in its periphery. 

The policy implications derived from this study includes launching an effective linkage 

promotion program to further the positive productivity impacts arising from backward and 

forward linkages. These policies can be simultaneous used to minimize the negative impact 

arising from horizontal linkages and hence increase the overall benefits from foreign presence. 

Since this negative impact mostly arises because of the adverse competitive pressures exerted 
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by foreign firms this can be mitigated to some extent by increasing the absorptive capacity of 

local firms by the proposed technology and managerial upgrading programs.               
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Appendix A : Levinsohn-Petrin Production Function Estimates 

 (Using an Alternative Approach) 

 

Table A.1: Levinsohn-Petrin Estimates of Production function using Energy Expenditure as a proxy for 

Productivity Shocks (2003-2010) 

 

 

 

NACE_code NACE_industries   ln(Labor) S.E. ln(K) S.E. Observations Wald test

15 Food 0.604*** (0.0232) 0.116*** (0.0237) 9,942 102.2***

16 Tobacco 0.940*** (0.202) 0.187 (0.294) 79 0.0871

17 Textiles 0.804*** (0.0167) 0.0577** (0.0234) 13,182 23.72***

18 Wearing Apparel 0.792*** (0.0158) 0.0783*** (0.0125) 12,899 43.66***

19 Leather products 0.772*** (0.0411) 0.114*** (0.0315) 2,041 5.288**

20 Wood products 0.752*** (0.0595) 0.0702 (0.0701) 1,196 5.645**

21 Paper products 0.966*** (0.0691) 0.150*** (0.0558) 1,862 2.676

22 Publishing & Printing 0.881*** (0.0670) 0.108 (0.0779) 1,833 0.0114

23 Petroleum products 1.408*** (0.258) -0.0124 (0.232) 138 1.506

24 Chemical products 0.922*** (0.0548) 0.166*** (0.0465) 2,924 1.830

25 Rubber & Plastic products 0.818*** (0.0351) 0.147*** (0.0355) 5,327 0.752

26 Other Non-metallic products 0.769*** (0.0357) 0.176*** (0.0360) 6,291 1.559

27 Basic Metals 0.835*** (0.0473) 0.143*** (0.0540) 2,895 0.178

28 Fabricated metal products 0.761*** (0.0250) 0.125*** (0.0275) 7,029 14.89***

29 Machinery & Equipment 0.850*** (0.0303) 0.104*** (0.0354) 7,947 1.162

30 Office Machinery & Computers 0.965*** (0.329) 0.197 (0.584) 52 0.0590

31 Electrical Machinery 0.938*** (0.0377) 0.129*** (0.0395) 2,680 2.834*

32 Radio, Television & Communication 0.767*** (0.101) 0.194** (0.0958) 431 0.0872

33 Medical Instruments 0.741*** (0.0993) 0.0820 (0.0790) 763 2.891*

34 Motor Vehicles 0.881*** (0.0394) 0.168*** (0.0264) 3,423 1.225

35 Other transportation 0.694*** (0.0774) 0.262*** (0.0644) 945 0.285

36 Furniture 0.766*** (0.0359) 0.0405 (0.0295) 5,077 21.69***

37 Recycling 0.777** (0.369) 0.335* (0.196) 56 0.137

Notes:

(1)Standard errors in parentheses (2) *** p<0.01, ** p<0.05, * p<0.1 (3) Wald test for constant returns to scale (H0: Firms 

exhibit CRTS) (4) Capital construction assumes depreciation rate of 20% (5) The capital stock is constructed using Y/L as 

the matching criteria for initial capital stock if a firm's initial stock turns out to be 0 or negative (6) Estimates are 

obtained using energy expenditure as a proxy for productivity shock.

Source: Author’s calculations from TurkStat Annual Business Statistics database
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Appendix B : Robustness Check 
 

Table B.2: Using Alternative Measure of Dependent Variable 

 

 

(1) (2) (3) (4)

All Firms Local Firms All Firms Local Firms

VARIABLES lnTFP* lnTFP* lnTFP lnTFP

FDI -0.0840 -0.0884

(0.0576) (0.0586)

HS -0.537*** -0.576*** -0.631*** -0.695***

(0.203) (0.212) (0.206) (0.216)

BL_total 1.847*** 2.031*** 1.579** 1.752**

(0.669) (0.693) (0.670) (0.694)

FL_total 2.120** 2.215** 1.891** 1.974**

(0.901) (0.931) (0.901) (0.932)

L.EXshare 0.0407 0.0411 0.0304 0.0320

(0.0282) (0.0289) (0.0283) (0.0290)

L.IMshare 0.110*** 0.111*** 0.0781*** 0.0778***

(0.0254) (0.0263) (0.0254) (0.0263)

L.scale_Y 0.0843*** 0.0967*** 0.0654*** 0.0750***

(0.00607) (0.00702) (0.00584) (0.00683)

HHI -0.779** -0.809** -0.676* -0.722*

(0.385) (0.399) (0.380) (0.395)

L.lnQL 0.167*** 0.162*** 0.164*** 0.161***

(0.0140) (0.0144) (0.0141) (0.0145)

Constant 9.916*** 9.878*** 9.072*** 9.049***

(0.244) (0.254) (0.254) (0.263)

Observations 63,430 61,223 63,430 61,223

R-squared 0.125 0.125 0.131 0.131

Number of firms 14,475 14,099 14,475 14,099

LP approach: M as proxy LP approach: E as proxy

Notes: (1) Fixed-effect estimation used (2) Robust standard errors in parentheses (3) *** 

p<0.01, ** p<0.05, * p<0.1 (4) All regressions include Industry, Regional & Year Dummies 

(5) The capital stock series which underlies the dependent variable (lnTFP) is constructed 

assuming a depreciation rate of 20% and using Y/L as the matching criteria for initial 

capital stock if it turns out to be 0 or negative (6) TFP is alternately constructed using 

material or energy expenditures as proxy for productivity shocks (7) lnTFP* is the 

benchmark model
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Appendix C : Determinants of Spillovers 
 

Table C.3:  Foreign Ownership Shares and FDI Spillovers 

 
 

 

 

 

 

(1) (2) (3) (4) (5) (6)

All Firms Local Firms All Firms Local Firms All Firms Local Firms

VARIABLES lnTFP* lnTFP* lnTFP lnTFP lnTFP lnTFP

FDI -0.0797 -0.0806 -0.0836

(0.0582) (0.0583) (0.0584)

HS_min -8.832*** -9.441*** -8.897*** -9.507*** -8.365*** -8.976***

(1.159) (1.199) (1.158) (1.198) (1.164) (1.204)

HS_maj -0.884*** -0.888*** -0.868*** -0.873*** -0.874*** -0.877***

(0.252) (0.263) (0.252) (0.263) (0.254) (0.265)

HS_full -0.312 -0.344* -0.296 -0.328 -0.319 -0.363*

(0.197) (0.206) (0.197) (0.205) (0.200) (0.209)

BL_min 0.571 0.892 0.446 0.754 0.131 0.477

(2.552) (2.659) (2.554) (2.661) (2.557) (2.664)

BL_maj 5.239*** 5.737*** 5.172*** 5.662*** 5.162*** 5.686***

(0.959) (0.995) (0.960) (0.996) (0.960) (0.996)

BL_full 0.0323 0.102 -0.00660 0.0629 -0.0464 0.0291

(0.877) (0.905) (0.878) (0.906) (0.882) (0.911)

FL_min 3.49 4.387 3.187 4.09 3.455 4.399

(3.595) (3.685) (3.597) (3.687) (3.616) (3.708)

FL_maj 4.301*** 4.384*** 4.244*** 4.326*** 4.592*** 4.651***

(1.549) (1.595) (1.550) (1.597) (1.553) (1.600)

FL_full 0.292 0.246 0.313 0.270 0.469 0.403

(0.944) (0.974) (0.944) (0.974) (0.947) (0.977)

L.EXshare 0.0438 0.0439 0.0426 0.0424 0.0437 0.0435

(0.0282) (0.0288) (0.0282) (0.0289) (0.0282) (0.0289)

L.IMshare 0.109*** 0.110*** 0.110*** 0.110*** 0.110*** 0.110***

(0.0254) (0.0263) (0.0254) (0.0263) (0.0254) (0.0264)

L.scale_Y 0.0844*** 0.0973*** 0.0842*** 0.0971*** 0.0843*** 0.0970***

(0.00606) (0.00700) (0.00606) (0.00700) (0.00607) (0.00702)

HHI -0.815** -0.825** -0.833** -0.843** -0.718** -0.744**

(0.367) (0.376) (0.373) (0.382) (0.335) (0.343)

L.lnQL 0.160*** 0.155*** 0.160*** 0.155*** 0.162*** 0.157***

(0.0139) (0.0143) (0.0139) (0.0144) (0.0140) (0.0144)

Constant 10.09*** 10.07*** 10.01*** 9.988*** 9.965*** 11.25***

(0.248) (0.257) (0.248) (0.258) (0.248) (0.277)

Observations 63,430 61,223 63,360 61,155 63,109 60,905

R-squared 0.127 0.128 0.141 0.142 0.132 0.132

Number of firms 14,475 14,099 14,459 14,083 14,400 14,024

matching criteria: Y/L matching criteria: M/L matching criteria: E/L

Notes: (1) Fixed-effect estimation used  (2) Robust standard errors in parentheses (3) *** p<0.01, ** 

p<0.05, * p<0.1 (4) All  regressions include Industry, Regional & Year Dummies (5) Capital construction 

assumes depreciation rate of 20%.  Furthermore capital stock series is alternatively constructed using 

Y/L, M/L and E/L as the matching criteria for initial capital stock if a firm reports 0 or negative initial 

stock (6) lnTFP* is the benchmark model
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Table C.4: Market Orientation of Foreign Firms and Spillovers 

 
 

 

 

 

 

 

 

 

 

 

(1) (2) (3)

matching criteria:Y/L matching criteria:M/L matching criteria:E/L

Local firms Local firms Local Firms

VARIABLES lnTFP* lnTFP lnTFP

HS_DMO -0.571*** -0.559*** -0.584***

(0.215) (0.214) (0.217)

HS_FMO -0.0575 -0.0266 -0.0402

(0.242) (0.241) (0.245)

BL_DMO 2.230*** 2.200*** 2.258***

(0.714) (0.715) (0.717)

BL_FMO -2.560** -2.721** -2.557**

(1.228) (1.228) (1.234)

FL_DMO 1.769** 1.827** 1.813**

(0.797) (0.797) (0.798)

FL_FMO 6.085 5.395 5.833

(6.398) (6.403) (6.438)

L.EXshare 0.0426 0.0411 0.0423

(0.0289) (0.0289) (0.0290)

L.IMshare 0.114*** 0.115*** 0.115***

(0.0263) (0.0264) (0.0264)

L.scale_Y 0.0977*** 0.0976*** 0.0974***

(0.00703) (0.00703) (0.00704)

HHI -0.781** -0.805** -0.704**

(0.388) (0.395) (0.355)

L.lnQL 0.158*** 0.158*** 0.160***

(0.0144) (0.0144) (0.0145)

Constant 9.964*** 9.885*** 11.16***

(0.255) (0.255) (0.275)

Observations 61,223 61,155 60,905

R-squared 0.126 0.141 0.131

Number of firms 14,099 14,083 14,024

Notes: (1) Fixed-effect estimation used  (2) Robust standard errors in parentheses (3) *** 

p<0.01, ** p<0.05, * p<0.1 (4) All regressions include Industry, Regional & Year Dummies (5) 

Capital construction assumes depreciation rate of 20%.  Furthermore capital stock series is 

alternatively constructed using Y/L, M/L and E/L as the matching criteria for initial capital 

stock if a firm reports 0 or negative initial stock (6) lnTFP* is the benchmark model
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Table C.5: Size of Local Firms and Spillovers 

 
 

 

 

 

(1) (2) (3) (4) (5) (6)

Local Firms Local Firms Local Firms Local Firms Local Firms Local Firms

VARIABLES lnTFP* lnTFP* lnTFP lnTFP lnTFP lnTFP

HS -0.630*** -0.616*** -0.629*** -0.615*** -0.655*** -0.641***

(0.220) (0.226) (0.220) (0.225) (0.223) (0.228)

BL_total 2.700*** 2.816*** 2.694*** 2.819*** 2.792*** 2.920***

(0.727) (0.738) (0.726) (0.738) (0.729) (0.740)

FL_total 1.912** 1.611* 1.889** 1.581* 2.079** 1.771*

(0.961) (0.890) (0.962) (0.869) (0.965) (0.983)

HS x scale_Y 0.0654 0.0768 0.0819

(0.0554) (0.0557) (0.0555)

BL x scale_Y -0.594*** -0.639*** -0.648***

(0.200) (0.197) (0.197)

FL x scale_Y 0.203 0.216 0.202

(0.249) (0.248) (0.248)

HS x scale_L 0.0275 0.0384 0.0424

(0.0605) (0.0604) (0.0606)

BL x scale_L -0.725*** -0.772*** -0.787***

(0.199) (0.198) (0.197)

FL x scale_L 0.429* 0.446* 0.439*

(0.256) (0.255) (0.256)

L.EXshare 0.0421 0.0539* 0.0407 0.0524* 0.0419 0.0534*

(0.0289) (0.0296) (0.0289) (0.0296) (0.0290) (0.0296)

L.IMshare 0.112*** 0.118*** 0.112*** 0.118*** 0.113*** 0.119***

(0.0263) (0.0265) (0.0263) (0.0265) (0.0263) (0.0265)

L.scale_Y 0.117*** 0.118*** 0.119***

(0.0176) (0.0176) (0.0176)

L.scale_L 0.0488*** 0.0494*** 0.0504***

(0.0186) (0.0186) (0.0187)

HHI -0.798** -0.878** -0.814** -0.895** -0.714** -0.790**

(0.399) (0.395) (0.406) (0.401) (0.364) (0.360)

L.lnQL 0.162*** 0.184*** 0.162*** 0.184*** 0.163*** 0.186***

(0.0145) (0.0145) (0.0145) (0.0146) (0.0146) (0.0146)

Constant 9.874*** 9.727*** 9.792*** 9.646*** 11.10*** 9.610***

(0.254) (0.256) (0.255) (0.256) (0.275) (0.256)

Observations 61,223 61,223 61,155 61,155 60,905 60,905

R-squared 0.125 0.121 0.140 0.136 0.130 0.126

Number of firms 14,099 14,099 14,083 14,083 14,024 14,024

Notes: (1) Fixed-effect estimation used  (2) Robust standard errors in parentheses (3) *** p<0.01, ** 

p<0.05, * p<0.1 (4) All  regressions include Industry, Regional & Year Dummies (5) Capital 

construction assumes depreciation rate of 20%.  Furthermore capital stock series is alternatively 

constructed using Y/L, M/L and E/L as the matching criteria for initial capital stock if a firm reports 

0 or negative initial stock (6) lnTFP* is the benchmark model

matching criteria: Y/L matching criteria: M/L matching criteria: E/L
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Table C.6: Export/Import Orientation of Local Firms and Spillovers 

 
  

(1) (2) (3) (4) (5) (6)

Local firms Local Firms Local firms Local Firms Local firms Local Firms

VARIABLES lnTFP* lnTFP* lnTFP lnTFP lnTFP lnTFP

HS -0.527** -0.510** -0.518** -0.502** -0.542** -0.530**

(0.213) (0.213) (0.212) (0.213) (0.215) (0.216)

BL_total 2.225*** 2.086*** 2.182*** 2.039*** 2.273*** 2.133***

(0.712) (0.704) (0.712) (0.705) (0.715) (0.707)

FL_total 1.996** 2.026** 1.991** 2.022** 2.157** 2.201**

(0.949) (0.966) (0.950) (0.967) (0.954) (0.971)

HS x EXshare 0.579** 0.552** 0.540**

(0.266) (0.266) (0.270)

BL x EXshare -1.330 -1.429 -1.505

(1.034) (1.032) (1.048)

FL x EXshare 2.122 2.123 2.276*

(1.343) (1.346) (1.352)

HS x IMshare 0.423** 0.405* 0.364*

(0.209) (0.209) (0.209)

BL x IMshare -0.400 -0.465 -0.559

(0.770) (0.769) (0.771)

FL x IMshare 0.969 0.983 0.997

(1.082) (1.081) (1.084)

L.EXshare -0.00908 0.0414 -0.00647 0.0399 -0.0156 0.0412

(0.0930) (0.0289) (0.0933) (0.0290) (0.0935) (0.0290)

L.IMshare 0.111*** 0.0881 0.112*** 0.0897 0.112*** 0.0914

(0.0263) (0.0884) (0.0264) (0.0884) (0.0264) (0.0886)

L.scale_Y 0.0967*** 0.0968*** 0.0965*** 0.0966*** 0.0964*** 0.0965***

(0.00703) (0.00703) (0.00703) (0.00703) (0.00704) (0.00704)

HHI -0.826** -0.828** -0.843** -0.845** -0.740** -0.741**

(0.399) (0.398) (0.405) (0.404) (0.364) (0.363)

L.lnQL 0.162*** 0.163*** 0.162*** 0.163*** 0.164*** 0.164***

(0.0144) (0.0144) (0.0145) (0.0145) (0.0146) (0.0146)

Constant 9.884*** 9.893*** 9.801*** 9.810*** 11.08*** 11.08***

(0.254) (0.253) (0.254) (0.254) (0.274) (0.274)

Observations 61,223 61,223 61,155 61,155 60,905 60,905

R-squared 0.125 0.125 0.140 0.140 0.130 0.130

Number of firms 14,099 14,099 14,083 14,083 14,024 14,024

Notes: (1) Fixed-effect estimation used  (2) Robust standard errors in parentheses (3) *** p<0.01, ** 

p<0.05, * p<0.1 (4) All  regressions include Industry, Regional & Year Dummies (5) Capital 

construction assumes depreciation rate of 20%.  Furthermore capital stock series is alternatively 

constructed using Y/L, M/L and E/L as the matching criteria for initial capital stock if a firm reports 0 

or negative initial stock (6) lnTFP* is the benchmark model

matching criteria: Y/L matching criteria: M/L matching criteria: E/L
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Table C.7: Technology Gap between Local and Foreign firms and Spillovers 

 
 

 

 

(1) (2) (3)

matching criteria:Y/L matching criteria:M/L matching criteria:E/L

Local firms Local firms Local Firms

VARIABLES lnTFP* lnTFP lnTFP

HS -0.761*** -0.755*** -0.837***

(0.228) (0.229) (0.230)

BL_total 2.035*** 2.009*** 2.181***

(0.725) (0.727) (0.728)

FL_total 2.371** 2.358** 2.560***

(0.948) (0.949) (0.953)

L.EXshare 0.0414 0.0398 0.0419

(0.0289) (0.0289) (0.0290)

L.IMshare 0.109*** 0.110*** 0.110***

(0.0265) (0.0265) (0.0265)

L.scale_Y 0.0953*** 0.0952*** 0.0952***

(0.00753) (0.00752) (0.00754)

HHI -0.859** -0.874** -0.754**

(0.388) (0.395) (0.357)

L.lnQL 0.160*** 0.161*** 0.162***

(0.0145) (0.0145) (0.0146)

HS x ABC 0.900*** 0.910*** 1.181***

(0.317) (0.319) (0.296)

BL x ABC 0.993 0.764 0.225

(1.580) (1.556) (1.507)

FL x ABC -1.572 -1.427 -1.311

(1.265) (1.255) (1.242)

Constant 9.907*** 9.824*** 11.09***

(0.255) (0.255) (0.275)

Observations 61,223 61,155 60,905

R-squared 0.125 0.140 0.130

Number of firms 14,099 14,083 14,024

Notes: (1) Fixed-effect estimation used  (2) Robust standard errors in parentheses (3) *** 

p<0.01, ** p<0.05, * p<0.1 (4) All regressions include Industry, Regional & Year Dummies 

(5) Capital construction assumes depreciation rate of 20%.  Furthermore capital stock 

series is alternatively constructed using Y/L, M/L and E/L as the matching criteria for 

initial capital stock if a firm reports 0 or negative initial stock (6) lnTFP* is the benchmark 

model
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Table C.8: Proximity to Multinationals and Spillovers         

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

All Firms Local Firms All Firms Local Firms All Firms Local Firms All Firms Local Firms All Firms Local Firms All Firms Local Firms

VARIABLES lnTFP* lnTFP* lnTFP* lnTFP* lnTFP lnTFP lnTFP lnTFP lnTFP lnTFP lnTFP lnTFP

FDI -0.0858 -0.0879 -0.0869 -0.0896 -0.0902 -0.0909

(0.0572) (0.0573) (0.0573) (0.0573) (0.0576) (0.0575)

HS1 -0.0768 -0.0944 -0.0757 -0.0965 -0.0728 -0.0901 -0.0748 -0.0944 -0.0716 -0.0877 -0.0681 -0.0879

(0.0562) (0.0592) (0.0567) (0.0598) (0.0563) (0.0593) (0.0568) (0.0598) (0.0560) (0.0589) (0.0566) (0.0596)

HS2 -0.225* -0.277** -0.278** -0.310** -0.268** -0.317**

(0.119) (0.123) (0.118) (0.122) (0.119) (0.124)

BL1_total 0.762*** 0.818*** 0.800*** 0.855*** 0.768*** 0.823*** 0.805*** 0.860*** 0.748*** 0.802*** 0.789*** 0.846***

(0.276) (0.284) (0.276) (0.284) (0.276) (0.284) (0.276) (0.284) (0.277) (0.286) (0.277) (0.286)

BL2_total 0.818* 0.761* 0.755* 0.692* 0.800 0.744

(0.431) (0.401) (0.397) (0.364) (0.423) (0.394)

FL1_total -0.416* -0.417* -0.233 -0.237 -0.414* -0.414* -0.236 -0.237 -0.421** -0.423* -0.214 -0.225

(0.212) (0.221) (0.217) (0.226) (0.212) (0.221) (0.217) (0.226) (0.213) (0.223) (0.218) (0.228)

FL2_total 2.217*** 2.267*** 2.207*** 2.264*** 2.277*** 2.326***

(0.636) (0.657) (0.636) (0.658) (0.638) (0.660)

L.EXshare 0.0422 0.0429 0.0417 0.0422 0.0409 0.0414 0.0406 0.0408 0.0438 0.0446 0.0419 0.0424

(0.0282) (0.0289) (0.0282) (0.0289) (0.0283) (0.0290) (0.0283) (0.0289) (0.0283) (0.0290) (0.0283) (0.0290)

L.IMshare 0.112*** 0.113*** 0.111*** 0.112*** 0.112*** 0.113*** 0.111*** 0.112*** 0.109*** 0.110*** 0.112*** 0.113***

(0.0254) (0.0264) (0.0254) (0.0264) (0.0255) (0.0264) (0.0254) (0.0264) (0.0255) (0.0265) (0.0255) (0.0264)

L.scale_Y 0.0845*** 0.0968*** 0.0845*** 0.0970*** 0.0842*** 0.0966*** 0.0843*** 0.0967*** 0.0844*** 0.0966*** 0.0844*** 0.0967***

(0.00606) (0.00702) (0.00608) (0.00704) (0.00606) (0.00701) (0.00608) (0.00704) (0.00607) (0.00702) (0.00609) (0.00705)

HHI2 -0.839** -0.871** -0.815** -0.845** -0.855** -0.887** -0.827** -0.856** -0.756** -0.786** -0.711** -0.759**

(0.366) (0.377) (0.376) (0.389) (0.372) (0.383) (0.383) (0.396) (0.342) (0.349) (0.344) (0.355)

L.lnQL 0.170*** 0.166*** 0.168*** 0.164*** 0.170*** 0.166*** 0.168*** 0.164*** 0.173*** 0.169*** 0.170*** 0.166***

(0.0140) (0.0144) (0.0140) (0.0144) (0.0140) (0.0144) (0.0140) (0.0144) (0.0141) (0.0146) (0.0141) (0.0145)

Constant 10.07*** 10.04*** 10.06*** 10.04*** 9.981*** 9.959*** 9.983*** 9.966*** 10.10*** 10.08*** 9.955*** 9.938***

(0.238) (0.247) (0.238) (0.248) (0.238) (0.248) (0.239) (0.248) (0.238) (0.247) (0.239) (0.248)

Observations 63,356 61,149 63,356 61,149 63,286 61,081 63,286 61,081 63,035 60,831 63,035 60,831

R-squared 0.124 0.125 0.125 0.125 0.139 0.140 0.139 0.140 0.089 0.089 0.130 0.130

Number of firms 14,466 14,090 14,466 14,090 14,450 14,074 14,450 14,074 14,391 14,015 14,391 14,015

Notes: (1) Fixed-effect estimation used  (2) Robust standard errors in parentheses (3) *** p<0.01, ** p<0.05, * p<0.1 (4) All regressions include Industry, Regional 

& Year Dummies (5) Capital construction assumes depreciation rate of 20%.  Furthermore capital stock series is alternatively constructed using Y/L, M/L and E/L 

as the matching criteria for initial capital stock if a firm reports 0 or negative initial stock (6) lnTFP* is the benchmark model

matching criteria:Y/L matching criteria:M/L matching criteria:M/L
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