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MAKALEBILGIiSI 0z

Makale Gecmisi: Bu ¢alismada, Tiirkiye’de Borsa Istanbul'da (BIST) yer alan Otomotiv sirketlerinin/sektdriiniin ekonomik ve
. finansal rantabilite, etkinlik ve verimlilik diizeylerindeki ve ihracat rekabet giiciindeki degisikliklerin
Bagvuru tarihi: 20 Mart 2020 degerlendirilmesi amaglanmistir. 2007-2017 dénemini kapsayan analizlerde, Oran Analizi, Veri Zarflama
Kabul tarihi: 4 May1s 2020 Analizi (VZA), Malmquist Toplam Faktér Verimliligi (TFV) ve agiklanmus karsilastirmali distiinliik endeksleri
gibi ¢esitli teknikler kullanilmistir. Verimlilik ve ihracat rekabet giicii skorlarinin birlikte hareket ettigi ve
- ekonomik ve finansal rantabilitenin bu hareketi gliglendirdigi sonucuna vartlmistir. Ayrica, finansal etkinlik ve
Anahtar Kelimeler: ihracat rekabet giicii arasinda dogrudan bir iligki vardir.
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GENISLETILMIiS OZET

Otomotiv sektori, etki alanmin genisligi, diger sektorlerle olan geri ve ileri baglanti katsayilarinin yiiksekligi ile
ekonominin gelisiminde genis ve dnemli bir yere sahiptir. Otomotiv endiistrisi, demir-gelik, plastik, kaucuk, cam,
tekstil ve elektronik sektdrlerinden girdi kullanan; buna karsilik ingaat, turizm, savunma, ulagtirma ve altyap1 gibi
birgok stratejik sektoriin gelisimine katki saglayan lokomotif sektdrler arasinda yer almaktadir. Otomotiv sektoril,
tiretimde bulundugu ekonomiye yiiksek katma deger saglayan, teknolojik gelismeleri hizlandiran, ihracat kanaliyla
doviz geliri kazandiran ve onemli oranda istihdam artis1 saglayan bir sektor olma 6zelligi tasimaktadir. Bununla
birlikte, otomotiv sektoriiniin yiiksek istihdam oranina sahip olmasi sebebiyle, sektorde yasanan dalgalanmalar
istihdama olumsuz yonde yansimaktadir.

Teknoloji sirketlerinin sektdre girisi ile otomotiv sektdrii Ar-Ge faaliyetlerinin merkezi haline doniistiirmiistiir.
Teknoloji ve ilag¢ endiistrisinin hemen ardindan diinya Ar-Ge yatirimlarmin biiyiik bir boliimii otomotiv sektoriinde
yapilmaktadir. Diinya otomotiv sektorii teknolojinin ve ¢evresel kosullarin etkisi ile siirekli bir degisim siirecindedir.
Giderek sikilagsan cevresel regiilasyonlar, otomotiv sektoriinde hibrit ve elektrikli araglarin gelisimine hiz
kazandirmistir.

Tiirk otomotiv endiistrisi, Tiirkiye imalat sanayinin ana itici sektorlerinden birisi konumundadir. AB ile Giimriik
Birligi Anlagmasi ve Tiirkiye'nin AB adaylik siireci, Tiirk otomotiv endiistrisinde AB iiriin ve ¢evre standartlarinin
kabul edilmesine yol agmistir. Tiirk sirketlerinin pek ¢ogu AB mevzuatina uygun olarak kalite sistem sertifikalarini
almislar ve Diinya standartlarinda kalifikasyon seviyesine ulagmiglardir.

Diinyada otomotiv sektdriine olan talebin giderek artmasi, sektoriin iiretim kalitesiyle birlikte, sektordeki rantabilite
ve etkinlik kavramlarini 6n plana ¢ikarmistir. Zira, sektor urlinlerine artan taleple birlikte kiiresel rekabet hiz
kazanmustir. Bu perspektifte, otomobil ihracati gergeklestiren {ilkelerin sektdrdeki kiiresel paylar1 baglaminda ihracat
rekabet giicii kilit bir kavram olarak ortaya ¢ikmustir.

Bu c¢aligmada, otomotiv sektdrii ve otomotiv sektoriiniin diger sektdrlerle iligkisi, Tiirkiye’de otomotiv sektoriiniin
gelisimi, sektoriin ekonomik ve mali rantabilite, etkinlik ve ihracat rekabet giicii diizeyleri analiz edilmistir. Bununla
birlikte, ele alman degiskenler arasindaki etkilesim diizeyi de incelenmistir. Otomotiv sektoriiniin dneminden
hareketle caligmanin amaci, Tiirk otomotiv endiistrisini ¢ok yonlii analiz (finansal etkinlik, ekonomik ve mali
rantabilite ve ihracat rekabet giicii) ederek soktiiriin gelisimine katki saglayacak uygulanabilir politik Oneriler
gelistirmektir. Calismada, Borsa istanbul’da islem géren sekiz otomotiv firmasinin (toplam endiistrinin % 60’1indan
fazlasini temsil etmektedir) 2007-2017 donemine iligkin finansal etkinlik, ekonomik ve mali rantabilite ve ihracat
rekabet giicii iligkisi ii¢ farkli yontem kullanilarak analiz edilmistir. Farkli yontemlerden elde edilen sonuglarin bir
biitiin olarak degerlendirilerek sektdriin durumu ve gelecegi daha genis bir ¢ercevede ele alinmustir.

Calismada ilk olarak BIST’de islem goren otomotiv firmalarinin son 11 yildaki (2007-2017) finansal, ekonomik ve
mali durumlari rasyo analizleri kullanilarak incelenmistir. ikinci asamada elde edilen rasyolardan hareketle sektoriin
finansal etkinlik analizi ve etkinlikteki zaman igerisindeki degisim siireci Veri Zarflama Analizi ve Malmquist
Toplam Faktor Verimliligi (TFV) metodolojisinden hareketle elde edilmistir. Ugiincii asamada ise sektoriin ihracat
rekabet giicii derecesi Balassa Endeksi, Vollrath Endeksi, Ihracat-ithalat Oran1 Endeksi ve Net Ticaret Endeksi ve
Lafay Endeksi kullanilarak elde edilmistir.

Tiirkiye’nin otomotiv ihracat rekabet giiciine iliskin skorlar incelendiginde, yiiksek seviyede olmasa da, rekabet
avantajinin oldugu goriilmektedir. Bununla birlikte, agiklanmis karsilagtirmali Gistiinliik endeksleri incelendiginde,
s0z konusu rekabet avantaji Ozellikle 2009 yilindan sonra genel olarak azalmistir. Bununla birlikte, endeks
skorlarinin ortalama degerleri incelendiginde, Balassa Endeksi ve Vollrath Endeksi degerlerinin zayif derecede
rekabet giiclinli gosterdigi goriilmektedir. Ayrica, Net Ticaret Endeksi ortalamasi rekabet giicliniin varligini isaret
etmektedir. Ihracat-ithalat oran1 endeksi ise rekabet giiciiniin marjinal sinirda oldugunu gostermektedir. Genel olarak
yorumlandiginda, Tiirkiye’nin otomotiv ihracatinda istikrarli ve kararli bir ihracat rekabet giicii bulunmaktadir.

Elde edilen tiim sonuglar birlikte degerlendirildiginde sektoriin verimliligindeki (Malmquist TFV Skorlari) ile ihracat
rekabet giicliniin 2010-2011 yillar1 hari¢ ele alinan dénemde birlikte hareket ettikleri sonucuna ulagilmistir. Diger
bir ifadeyle, sektoriin finansal etkinligi ile agiklanmis karsilagtirmali {istiinligii arasinda dogru yonlii bir iliski oldugu
sonucuna ulasilmistir.
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Introduction

Automotive sector has an extensive and important situation in development of economy
with its width of influence area, and its height of back and forward correlation coefficient with
other sectors. Automotive sector that generates approximately 5% of the world economy takes
a part in leading sectors that use inputs in iron-steel, plastic, rubber, glass, textile and electronic
sectors and, in return, contribute to improvement of many strategic sectors such as construction,
tourism, defence, transportation and infrastructure. Automotive sector has the characteristics of
providing high added value to the economy that it exits in production, accelerating
technological development, bringing in foreign exchange via export, and proving considerably
employment increase. However, fluctuations in the automotive sector are reflected in
employment negatively because of its high employment rate (Piskin, 2017).

Since 2000’s, automotive sector has been one of the most changing sectors. With the
entering of technology companies into the sector, automotive sector turned into the centre of
R&D activities. As the leading countries in automotive sector began to prefer contemporary
production methods while leaving traditional production style, Taylorist production and lean
manufacturing were started to be adopt. Also, gradually stringent environmental regulations has
accelerated the development of hybrid and electric cars in automotive sector.

The increasing demand for automotive sector in the world has brought production
quality of the sector with the concepts of rantability and efficiency in sector to forefront.
Therefore, global competition has gained pace by increasing demand for sector products. In this
perspective, export competitiveness in the context of global stakes’ in sector of countries which
exports automotive comes out as key concept. Turkey is a rapidly developing country in the
case of the automobile sector. Turkish automotive industry has a position as one of the main
driving sector in Turkish manufacturing industry. Customs Union and candidacy of Turkey for
the European Union (EU) led to acceptance of the EU production and environment standards
in Turkish Automotive Industry. Many Turkish companies received a quality system
certification in accordance with the EU legislation and reached world-class qualification level.

In this study, based on the period of 2007-2017, with reference to 8 companies samples
which are dealt in BIST and represent a large part (over the 60% of industry) of the sector,
Turkish automotive sector was analysed as multi-dimensional. The sector was analysed by
economical and financial rantability ratios. Technic efficiency and productivity change of
sector were researched in time with the help of the data obtained from the ratio analysis.
Efficiency and productivity levels of the sector were associated with international
competitiveness.

Automotive sector takes a part in leading sectors that providing high added value to the
economy, accelerating technological development, bringing in foreign exchange via export,
contributing the development of many sectors that it is a customer, supporting manufacturing
industry that it supplies such as construction and tourism and improving strategic area such as
defence, transportation, and infrastructure (Piskin, 2017). In all industrialized countries,
automotive industry with sub-industry is defined as locomotive of economy, can be influenced
substantially fluctuations in economy, and can cause fluctuations (Katip, Karaer, & Ozengin,
2014).

Automotive sector has a high multiplier effect and added value on economic growth in
strong connection with other sectors. As automotive sector is traditionally related to iron-steel,
petrochemical, glass, textile sector, it is receiver of some product which are produced by sectors
such as plastic and electronic because of its necessity for tools produced by developing
technologies and lightweight materials. At the same time, automotive sector is closely
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associated with raw material and sub-industry except for own structure and marketing, retailer,
after-sales service, fuel, finance and insurance sectors enabling final products to reach
consumers (Piskin, 2017).

Automotive sector has made many important contributions to developing defence
industry, demand increase for technological equipment by farmers in agricultural sector,
tourism sector within more convenient, faster and cheaper transportation and many more.
Turkey has carried on its activities with 12 companies and 18 factory in automotive sector. Of
these 12 companies of which four has produced exclusively automobiles, 6 has produced only
commercial vehicles and 2 has produced both of them. Ford Otosan, Oyak Renault and Tofas
companies has ranked top ten among 500 industrial enterprise that was declared by Istanbul
chamber of industry (KPMG, 2018).

Turkish automotive sector is a sector which ranges in increase trend in world market
with new product and capacity investment in its production and export increased year by year.
According to data of 2016, Turkey was one of the countries that increased its production
performance by 16.1%. Besides, it outdistanced Japan, South Korea, and USA in motor vehicle
export race to the EU. This growth continued in 2017 (KPMG, 2018).

As automotive production was 1.48 million pieces in 2016, it went up 1.7 million pieces
in 2017. Industrial exports reached their highest level in 2017 by $ 28.5 billion. In the first half
of 2018, the exports of automotive sector increased by 14.5 percent to 16 billion 434 million
dollars. The data of 2017 demonstrated that fell 180 vehicles average per thousand people in
the world while this numbers were at a level of 189 in Turkey, 569 in West Europe, and 808 in
the USA.

Table 1: Turkish Automotive Sector (1000 pieces)

Employment Capacity
Year Production Export Import Utilization Rate
(per)
(%)
2015 1.359 992 659 48.748 80
2016 1.486 1.141 681 53.377 86
2017 1.7 1.36 720 59.212 88

Source: It was compiled from Automotive Sector Report (2017) and prepared by the authors.

China that manufactures 30% of the world production, took place on the top in 2016
automotive production ranking by 28 million 119 thousand pieces of production. In the same
ranking, America took the second place by 12 million 198 thousand (Yilmaz, Tastan, Ecek, &
Crnar, 2017). Turkey took the 14™ place in automotive production in the world. Sector is on
17" in automobile production and 8" in commercial vehicle production. Also, Turkish
automotive supply industry has an ability to product almost all components and pieces which
are needed by sector. 10 billion US $ reaching supply industry export figures in 2017 are equal
to 34 percent of total automotive exports. Turkish automotive sector is the largest sector in the
exports area of Turkey with 17% export size on sectorial basis by exporting 77% of automotive
its own products (Yilmaz, Tastan, Ecek, & Cinar, 2017). It has seen that automotive industry
has a quietly high stake in the list of 250 companies which make Turkey's highest R&D
expenditure. The largest 10 automotive main industry companies in R&D 250 list compose of
40% of total expenditures made by 250 companies.

Literature Review

When the literature is reviewed, the studies on the competitive structure of the
automotive sector can be grouped into two groups. The first is the micro-based studies on the
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competitive structure of the automotive sector. In these studies, the competitive structure of the
sector was examined mostly from the concentration indices. However, in some studies, the
competitive structure of the automotive sector was handled on a macro basis and the
competitiveness of the automotive sector was studied. In these studies, the export
competitiveness of the sector was generally tried to be calculated and interpreted with the
revealed comparative advantage (RCA) indices such as the Balassa index.

Ulengin et al. (2010), Avcu (2016), Ildirar and Kiral (2018) approached the competitive
structure of the automotive sector in terms of micro base and concentration analyses. In this
context, Ulengin et al. (2010) analysed Turkish automotive competitiveness with Bayes causal
networks method in their study. In the result of the study, it was underlined that sector had a
weak competitiveness and its future extremely depended on local supplier quality, the scope
and impact of taxation, ease of access to credit, innovation capacity, R&D expenditures of
company, prevalence of the latest technologies and university-industry cooperation in R&D.
Avcu (2016) analysed the market structure and competiveness of automotive sector with the
help of the concentration ratio (CR4, CR8), the El and the Herfindahl-Hirschman index.
According to the calculated indices, it was emphasized that the competitive level in the market
of domestic passenger car and domestic light commercial vehicle was low. However, there was
a monopolistic competition in the imported passenger car market. Just like Avcu (2016), Ildirar
and Kiral (2016) also analyzed the subject by using the concentration indices. They examined
the market competitive structure by using the concentration ratio (CR4, CR8) and Herfindahl-
Hirschman index with sales data of automobile and light commercial vehicle in Turkey in the
period of 2004-2017. In reference to the CR4 and the CR8, domestic passenger car and light
commercial vehicle in the market were high concentration, in other words, there was low
competition. On the other hand, the concentration ratio of imported passenger cars and
imported light commercial vehicles was relatively low. According to the results of the
Herfindahl-Hirschman index, it was concluded that the market was close to monopolistic
competition.

Baskol (2008, 2011), Ozdamar and Albeni (2011), Bozdag and Saragoglu (2013),
Terregrossa and Gonel (2014) and Vosta and Kocourek (2016) conducted studies on the
competitiveness (export competitiveness) of the automotive sector on a macro basis and used
predominantly the RCA indices. Baskol (2008, 2011) calculated the competitiveness of Turkish
automotive sector. In the study, the BI, import infiltration rate and specialization coefficient
indices were used for the years 1996-2007. In the result of the study, it was reached that the
country had no competitiveness in the automotive sector. When Baskol re-examined the same
study in 2011 for 1996-2010 period with the same indexes, he concluded that the sector had a
weak competitiveness. Ozdamar and Albeni (2011) also analysed to foreign trade
competitiveness of Turkish automotive industry using three different dimension of revealed
comparative advantage (RCA) index for the years 1998-2008. According to the results of the
analysis, Turkey had competitiveness in the product group of personal auto since 2002 in world
market but it was emphasized that the competition coefficient is not high enough. It was
concluded that Turkey had competitiveness in the product group of lorry-van after 2002 and of
minibus-midibus-bus after 1990. Bozdag and Saragoglu (2013) examined automotive exports
competitiveness of Turkey and Commonwealth of Independent States in 1995-2011 period by
using the BI. It was concluded that only Uzbekistan, Belarus and Turkey among the countries
in question had competitiveness in the export of the sector. In a study conducted by Terregrossa
and Gonel (2014), Turkey's automotive export competitiveness in the EU-15 were compared
with China and Western European countries in 2001-2013 period. According to the results
obtained using the VI, it was emphasized that Turkey decreased gradually export
competitiveness in the relevant market. Vosta and Kocourek (2016) analysed the global
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competitiveness of the EU in automobile export for the years 1995-2015. According to the
results calculated using the BI, it was concluded that Germany and England had relatively high
export competitiveness in the last 20 years.

In the literature, there are studies that use economic and financial rantability ratios. In
addition, there is no study in which the economic and financial profitability ratios are correlated
with competitiveness indices and efficiency ratios.

Erkus (2003) determined that the costs tend to decrease as enterprises grow. In addition,
Semerci, Parlakay and Celik (2015) also revealed that examined enterprises firstly needed to
affiliate with organizations serving the input supply and milk marketing of manufacturers to
carry out dairy cattle activities at a higher rantability level. Erman and Kiigiik (2016) determined
that the largest share in the gross product was the sale of seed fish in the land enterprises and
the sale of table (potion sized) fish in the cage enterprises. Feed cost had the largest share in
operating and production costs of all enterprises. Rantability ratios were set down as 11% in
cage enterprises and 4,1% in land enterprises.

There are many national and international implementation for automotive sector’s
competitive structure and competitiveness analysis. As some part of these studies used
concentration index, others used predominately international comparative advantages index. In
some studies, it is observed that sectoral efficiency and rantability were examined. In some
studies, factors affecting efficiency, rantability or competitiveness were analyzed by
econometric analysis. However, when the literature samples are examined, it is not found any
study examining the relationship between efficiency, rantability and export competitiveness
scores of any sector. These studies examined sectors with only one of these variables. The main
differences of this study from other studies are to associate with sectorial efficiency, rantability
changes and revealed comparative advantages’ (export competitiveness) degree. In this context,
in the study, effectiveness, rantability and export competitiveness in Turkey's automotive sector
have been analyzed for a period of 11 years (2007-2017). Considering these indicators, methods
and time period, it is thought that this study brings a new perspective and makes a contribution
into literature.

Methodology and Data

In this study that aims multi-dimensional (efficiency-rantability- export
competitiveness) analysis of Turkish automotive industry is used three different methods. The
results obtained from each method are correlated with each other and, thus the automotive
industry has been analysed in many ways. The variables chosen as representing the automotive
industry are financial parameters (indicators) of automotive companies to be dealt in BIST in
last 11 years (2007-2017) and is gained by financial reports of relevant companies, statistical
of Public Disclosure Platform (PDP), statistical of BIST, and UN Comtrade Database. The
variables and the definition of variables used in each analysis method are shown in Table 2.

In this study where the automotive sector was analyzed in a multidimensional manner,
efficiency, rantability and export competitiveness of the 8 automotive companies (represents
more than 60% of the total industry) dealt in BIST and interaction of these variables were
examined in the period of 2007-2017. Three different methods were used for the analysis. First
of all, in the last 11 years, monetary, economic, and financial structure of the automotive
companies were researched by using rantability ratios. Secondly, by means of obtained ratios,
financial efficiency analysis and period of change in efficiency were gained by the DEA and
Malmquist TFP. In third and last phase, export competitiveness level of the sector was
calculated by the BI, the VI, the EIRI, the NTI and the LI. All results obtained were associated
with each other. The theoretical framework of each method used in the study is briefly discussed
below.
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Table 2: The Definition of Variables

Variables Used in Ratio Analysis

Output Variable Input Variable Data Source

Profit Before Tax and Interest/Total

Economic Rantability Public Disclosure Platform (PDP)

Passive
Financial Rantability Net Profit/Equity Capital Public Disclosure Platform (PDP)
Stock Exchange Value Year-end closing value Borsa Istanbul (BIST)

Variables Used in Efficiency Analysis

Output Variable Input Variable Data Source

Compiled from Annual Reports of

Fixed Assets/Total Assets .
Companies

Compiled from Annual Reports of

Net Profit/Net Sales Equity Capital/Total Assets C .
ompanies

Compiled from Annual Reports of

Current Ratio .
Companies

Variables Used in the Revealed Comparative Advantage Analysis

Output Variable Input Variable Data Source

Automotive export in the country,
total export in the country,
automotive export in the world,
total export in the world

Balassa Index UN Comtrade Database

Automotive export in the country,
total export in the country,
automotive export in the world,
total export in the world

Vollrath Index UN Comtrade Database

Automotive export in the country,

e . UN Comtrade Database
automotive import in the country

Export-Import Ratio Index

Automotive export in the country,

Net Trade Index automotive import in the country

UN Comtrade Database

Automotive export in the country,

e . UN Comtrade Database
automotive import in the country

Lafay Index

The one of the methods for measuring manufacturing efficiency is ratio analysis. The
monitoring of the movement of a single input and the ratio of a single output to each other over
time constitutes the essence of the ratio analysis. This method enables to examine only one
dimension on performance because of applying ratio of single input to single output (Yesilyurt
& Alan, 2003). The economic rantability ratio is a preferred ratio to expose whether resources
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are used efficiently or not. On the other hand, financial rantability ratio is an important indicator
that shows the relationship between the company's equity and net profit. The high level of
efficiency in both ratios indicates that the profitability of the enterprise is satisfactory. The
rantability factor expresses the ratio of net product to gross product. In other words, the
rantability factor shows net yield as a percentage of the gross product. The rantability factor is
not only a ratio to measure gross income of a company but also to support comments about
assets’ income generation skills. Among liquidity ratios, the most commonly used current ratio
IS a ratio that demonstrates the ability of the current assets to meet its short-term liabilities that
need to be paid within one year by company. The affirmed ratio as security limit for companies
is commonly 2 points. However, not to be under 1 point can be accepted in implementation.
The presence of stocks within the current assets reveals the necessity of not interpreting the
current rate alone. When all rates used in ratio analysis are interpreted, they must be evaluated
with the relevant other rates. Besides, considering sector and macroeconomic conditions will
provide more consistent on analyses. In our study, parametric and non-parametric methods of
measuring efficiency levels are used together with obtained data results of ratio analysis.

Profit before tax and interest
Total Liabilities

Economic Rantability =

) ) . Net Profit
Financial Rantability = ———————
Equity Capital

Net Product

—_— %1
Gross Product* 00

Rantability Factor =

Current Assets

Current Ratio =
Short—term Liabilities

In the cases of higher financial rantability than economic rantability, it is possible to
state that equity capital is used efficiently. It is considered that the ratio analysis will be
insufficient to measure the degree of effectiveness in cases where the number of inputs and
outputs is high (Yolalan, 1993). In these cases, parametric and non-parametric methods are used
to measure efficiency levels. Parametric methods assume that there is an existence of
production/output function related to be measured Short-term Liabilities (STL) and has an
analytical structure of this function. In parametric methods, the boundary parameters that are
known before its functional form are estimated and then the distance of each observation unit
to this limit is measured (Aydin, 2010). The effort to measure production efficiency began with
the studies of Debreu (1951) and Koopmans (1951) and, then, gained significant momentum
with the study of Farrell (1957). Non-parametric methods developed as an alternative to
parametric methods are based on linear programming and aims at determining the efficiency
limit and measuring the distance of units to this limit like parametric methods. On the contrary
to parametric methods, it doesn’t make any assumptions about the structure of the production
function. The DEA and Malmquist TFP are non-parametric methods.

The DEA used in the second phase of the study, developed by Charnes, Cooper, Rhodes
(CCR). The DEA enables to examine the relative performance of the decision-making units
within the framework of Farrell's approach. In the DEA, the inputs and outputs of the selected
units are examined. Furthermore, an activity limit is created by selecting the best rates among
these inputs and outputs (Duranay, 2017). The original form of the DEA is known as “CCR
Model”. The next models built on the CCR Model. While the CCR Model calculated the total
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efficiency value of the decision units under the assumption of constant return to scale, the BCC
Model calculated the technic efficiency of decision units under the assumption of variable
return to scale. Which type of model or assumptions will be used is evaluated according to the
purpose and scope of the research (Ozek, 2015).

The CCR Model is the model that examines the amount of input compounds to reduce
in order to achieve the most efficient output level when the output amounts of the decision-
making units are stable. The CRR Model shows the amount of output produced by the decision-
making unit under the assumption, x;; = 0,y;; = 0, that all input and output levels have a non-
negative value. The variables in the model are the given weights by the k decision unit for the
i inputs and r outputs. These weights, in turn, are shown as vik or ux. The aim of this model
maximizes ratio of weighted output to total weighted inputs (Ramanathan, 2003). The “rational
shape” of the CCR model can be shown as follows:

s
maxh, = Zr:l urkYrk
k= §ym
PN VrrXik

Fractional programming model can be converted to linear programming model. This
conversion is made by equalling to 1 of denominator of objective function while it is to be a
restriction. The result of this conversion, model can be defined as below:

S

math = Z urkYrk

r=1

S m
Z urkYr]- - Z VikXij <0 ] = 1 n
r=1 i=1

m
ZijXik =1

i=1
uy =0 r= ,S
Vik = 0 r= .,m

While it converts to linear form, h,, refers to the efficiency level; un and vj refer to
weights assigned to outputs and inputs, respectively. The non-parametric DEA method is a
static analysis and analyses by the data of the STLs in a single period. In the process of
evaluating efficiency, in order to examine the change that may occur over time, methods such
as the Fisher and Tornqvist indices, and the Malmquist TFP developed (Kirikal, 2005).

The TFP calculated the change on total factor productivity between two data points with
calculating the ratio of the distance of each data point according to common technology.
Distance function d(x,y) values that is equal to 1 if y vector is line on the S boundary, is less
than 1 if y vector defines a point of technical ineffectiveness, or is more than 1 if y vector
defines a point out of the S boundary.

d(x,y) = Enk. {8: (%) € S}

In Malmquist index, distance functions can be considered as basis of input and output.
The input based distance function takes into account the minimum proportional contraction of
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the input vector while the output vector is stable and it also takes into account the maximum
proportional increase of the output vector when the input vector is stable. In the output based
distance function, the production technology is defined using the output set R'. Production
technology R! for every term (t=1,...... ,T) show the conversion from inputs (x' € R} ) to
outputs ((y* € RY). Therefore, x=( X1,..... ., Xk ), produced outputs by using input vector
become output yi=( y1,..... .,ym).

R'={(X, Vo) 1 X — Yt }

Following Fire et al. (1994), this methodology can be expressed as follows:

db (%, y¢) = min {6: (x,, %) €RY
min {0: (x4, 0y%) € Rt}~1

If data of (X, y) is on t period production line, distance will be d§(x,,y.) = 1 and full
efficiency (activity) for production. If distance is df(x., y.) < 1, its production will not be
efficient during the (t) period.

For the technical efficiency and change in efficiency in the different period, the distance
function can be written as follows:

db (Kes1) Yea1) = min {6: (Xeqq,Yer1/0) € RY}

This index measures the maximum rational change that comes up with data x**1 input
and y**loutput under t period technology and also the maximum rational change that comes
up with, relatively (t+1) technology, data x‘input set and y‘output (Mao & Koo, 1996).

Mt B dg(yt+1,Xt+1)
° di(yhxY)
This index measures the productivity changes caused by changes in technical efficiency

from (t+1) period to t period. Technical activity changes from (t+1) period to t period can also
be measured under (t+1) period technology:

d§ (yt+1, xt+1)
do (v, x9

t+1 —
M =

Fére et al. (1994) described the geometric mean of the two indices as follows:

dg(yt+1’xt+1) d6+1(yt+1’xt+1) %
dy (v xH) X d§ (vt xY)

m, (5, xt, ytt, xt*1) = [(

In this equation d§(yt*1, xt*1) notation represents the distance from (t+1) observation
to technology of (t) period. This equation can be shown in the following pattern.
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1
ey diri(yt+ xt+1) [( df (yt+1, xt+1) ) ( 5 (y*, xb) )r
, X

m,(yh x4y df) (vt xb) d(t)+1(yt+1' xt+1) d5+1(yt' xb)

In the equation, out of the parenthesis measures the change in output-axis technical
efficiency between (t) and (t + 1) years (Kok and Deliktas, 2003). More than 1 of mo index
shows that total factor productivity increases (gets well) while less than 1 of this value shows
that productivity reduces.

The export competitiveness and specialization level of countries on a specific sector
were indicated through calculation of comparative superiority coefficients. Especially,
explicated foreign trade performance index were used frequently for empirically measuring the
foreign trade competitiveness. In the export competitiveness index used as the third method of
the study, it was preferred to use the Bl, the VI, the NTI, the EIRI and the LI.

Through the use of revealed comparative superiority coefficients, it is possible to detect
which sectors have a potential competitive advantages and disadvantages (Ramirez, 2002). In
addition to that, degree of specialization in sectoral export can be indicated. If degree of the
export competitiveness and specialization in specific sectors in the country was not alter or ruin
by government policies, the country’s revealed comparative advantage index value in relevant
sectors compared to the rest of the world would realized the advantages/disadvantages of
sectors in realistic way (Zhi Wang, 2000).

The most common measure about revealed comparative advantages is the BI. The index
is the ratio of the share of any product in national exports to its share in the world's total exports.
The BI is formulated as (%)/(iﬂ) (j: the country, i: the product group, w: world). Values

j w

more than 1 refers to the export competitiveness (Balassa, 1965).

After the BI, the most common export competitiveness criterion (index) is the VI.
Unlike the BI, the VI prevents double accounts of the country and the product. The index
formulizes as (%)/(%) (Xij: country j’s export for the good "i"*, X.ij: country j’s total

—ij —i—jw

export except the good "i", Xjw: world export for the good "i" except Xij, X.ijw: total world
export except X.j and X.jw. Vollrath Index is the ratio of the share of the product in national
export (the export of the goods to the total export of the country is ignored) to the share of the
world's total export (the country is not calculated one more in the numerator, both the goods
and the country are not calculated once again in the denominator) (Vollrath, 1991). Values more
than 1 shows the export competitiveness. If a sector (product) in a country has a significant
share in world total exports, the VI is higher than the Bl (Kara & Necla Erdogan, 2018).

In order to demonstrate the power of export competitiveness, the Bl and the VI can be
classified into four stages. If the values of the indices are between 1 and 2, it has weak
competitiveness, between 2 and 4 it has competitiveness at medium level, and at 4 and above it
has strong competitiveness (Hinloopen, 2001).

In addition to export competitiveness, measurement of the degree of specialization of
the country's exported product (sector) is also important. In this context, the EIRI, the NTI and
the LI can be used. The EIRI formulizes as In [(%)/(%)J*ioo While the fractional share

J J
represents the ratio of product export to total export, the denominator also shows the ratio of

product import to total import (Mikic, 2005). Values more than 50 show specialization and high
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competitiveness. If the index values are between -50 and 50, specialization is on the marginal
level.

The NTI is obtained by dividing the difference of product exports and imports by their
total. The index formulizes as (JQ"—Z”) (Balassa and Noland 1989) and is between -1 and +1
ij+Mij
(Saboniene 2009). Positive values refers to importance of export and specialization.
Xij_Mj; ZXU_MU] Xij+Mj Desai . .
- esai, 2012). The index by takin
Xij+Mij X XijeMij| X Xij4Mij ( ) y g

into account imports, allows controlling for intra-industry trade and re-exporting flows. LI >0
indicates that the country has a comparative advantage in the industry. Conversely, if the LI <
0, the country has a comparative disadvantage in the said industry (Reyes 2014). In addition,
the index is between -50 (full despecialization) and +50 (full specialization) (Desai, 2012).

The LI formulizes as [

Empirical Results and Discussion

The results of the economic and financial rantability ratios, which are calculated by
using the data in the financial reports of the companies operating in the automotive sector, for
the years 2007-2017, are converted into average values on the basis of companies and sector
and are given in Table 3.

Table 3: Average of Economic and Financial Rantability Ratios of the Automotive Sector

Average of Average of Rantabilit
. . . Economic Financial y Current Ratio
Companies Time Period - o Factor
Rantability Rantability (Average) (Average)
Ratio (%) Ratio (%) 9
Isuzu 2007-2017 2.8 4.6 8.53 2.9
Tofas 2007-2017 2.5 4.2 0.78 1.1
Dogus 2007-2017 2.5 3.8 0.53 1
Otokar 2007-2017 2.3 3.5 -0.5 2.8
Ford 2007-2017 1.4 2.9 0.53 1.5
Karsan 2007-2017 -0.8 -0.2 -2.64 1.2
Tiimosan 2009-2017 1.2 1.6 131 3.8
T.Traktor 2007-2017 1.8 3.6 -0.8 2
Sector Average 2007-2017 1.71 3 0.97 2.03

Source: It was calculated by using data from the companies’ financial reports.

The high rate of economic and financial rantability are interpreted as positive. Although
there is no standard figure determined in the interpretation of these ratios, if these ratios are
close to 100%, the operating rantability is satisfactory, vice versa. As a result of the average of
the sector (all companies) studied, economic rantability and financial rantability were
calculated as 1.71% and 3%, respectively. This situation clearly show that sectorial rantability
was not the satisfactory level. However, to evaluate comparatively financial and economic
rantability ratio provided to speculate additionally. In this respect, it is seen that financial
rantability ratio is higher than economic rantability ratio, in other words, usage of equity capital
is productive. Between the years 2007 and 2017, the 8 companies that were examined within
the scope of the study has a productive usage of equity capital. When it is seen that the average
of economic and financial rantability ratios examined in the basis of enterprise, the average of
the financial rantability ratios of the enterprises are higher than the average of the economic
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rantability ratios except for Karsan. Ford Otosan which has a competitive position in the sector
also uses its equity capital more efficiently than other companies in terms of economic and
financial rantability ratios. In the table, it is understood that the main reason why Karsan has
low scores in terms of economic and financial rantability is due to the company's loss statement
between 2008-2010 and 2012-2016.

Companies which were under the examination made a profit about 3 TL in each of 100
TL in equity capital. Rantability factor giving the rate of net product to gross net product was
found 9.7% in the average of companies. Thus, in examined companies 9.70 TL in each of 100
TL of gross net product was net product. The current rate average of companies was to be 2.30.
This situation indicated that examined companies in the scope of the study could pay their
current debts with selling their current assets, easily. The reflection of 2008 Global Financial
Crisis showed itself the decreasing numbers in manufacturing and foreign trade in 2009 but it
had not commonly negative effects all of the sector.

The relative performances (financial efficiency) and the process of change over time of
the 8 companies in the automotive sector in the period of 2007-2017 were calculated by using
the DEA and the Malmquist TFP methodology. Table 4 shows the output-oriented Technical
Efficiency scores of the companies. According to Table 4, the most achievement company in
the terms of financial efficiency is Otokar (Technical Efficiency Average is 1). Then, the
followings are Tofas (0.95), Dogus (0.92) ve T.Traktor (0.88), respectively. It is seen that the
highest technical efficiency performance in the year is 2009 and 2014.

In the evaluation process of the efficiency, the Malmquist TFP index were calculated in
order to examine the process of change over time and showed in Table 5. The Malmquist TFP
index measures the productivity changes caused by altering in technical efficiency. Since the
sector average was less than 1 (TFP=0.972) in the period 2007-2017, there was a decreasing
return in the sector. As evaluated on the basis of companies, it is seen that companies increasing
their productivity during the examination were Tiimosan (TFP=1.116) and Anatolia
(TFP=1.069), respectively. These companies benefit from scale economy. On the other hand,
when the TFP average of the other 6 companies was below 1 (TFP < 1), the efficiency of these
companies decreased over time. In the terms of year, it was seen that the highest score of the
TFP were in 2006, 2013 and 2008, and the lowest scores of productivity were in 2017, 2015,
and 2010, respectively.
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Table 4: Technical Analysis of the Automotive Sector

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 | Average
Anadolu 0.512 0.815 1 0.912 1 0.931 0.868 0.839 0.668 1 1 0.867727
Tofas 1 1 1 0.944 1 0.906 0.857 0.886 1 0.862 1 0.950455
Dogus 0.737 0.846 1 1 0.797 1 1 1 0.913 1 0.861 |0.923091
Otokar 1 1 1 1 1 1 1 1 1 1 1 1
Ford 0.686 0.65 1 1 1 0.841 0.786 0.758 0.651 0.502 0.772 0.786
Karsan 0.752 0.703 0.964 0.441 0.877 0.696 0.975 1 0.87 0.713 0.573 ] 0.778545
Tiimosan | 0.441 0.628 0.755 0.726 0.904 0.995 0.702 0.963 1 1 1 0.828545
T.Traktor| 0.786 0.732 0.968 0.998 0.784 1 1 1 1 1 0.482 |0.886364
Average 0.739 0.797 0.961 0.878 0.92 0.921 0.898 0.931 0.888 0.885 0.836 | 0.877636

Source: It was calculated by using data from the companies’ financial reports and the UN Comtrade Database.
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Table 5: Total Factor Productivity Analysis of the Automotive Sector
2007- 2008- 2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016- | Efficiency | Technology TEP
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Changing | Changing
Anadolu 1.529 1.203 0.951 1.491 0.622 1.056 0.926 0.742 1.572 1.05 1.069 0.999 1.069
Tofas 0.941 0.469 1.013 0.895 0.961 1.1 0.892 1.11 0.993 0.887 1 0.905 0.905
Dogus 1.079 0.865 1.375 0.799 1.167 1.043 1.014 0.884 1.352 0.6 1.016 0.975 0.99
Otokar 1.008 0.784 0.938 0.816 1.072 1.064 0.889 1.052 1.102 0.811 1 0.947 0.947
Ford 0.89 0.997 1.056 1.005 0.789 1.092 0.915 0.859 0.893 1.167 1.012 0.949 0.96
Karsan 0.962 1.087 0.402 1.405 0.929 1.596 1.214 0.731 1.063 0.595 0.973 0.957 0.932
Tiimosan 1.422 1.016 1.175 1.427 0.815 0.831 1.244 1.056 1.406 0.989 1.085 1.028 1.116
T.Traktor | 0.943 1.028 0.985 0.847 1.137 1.134 0.934 0.708 1.092 0.372 0.952 0.925 0.88
Average 1.076 0.901 0.94 1.051 0.919 1.098 0.995 0.88 1.165 0.764 1.013 0.96 0.972

Source: It was calculated by using data from the companies’ financial reports and the UN Comtrade Database.
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When Turkey’s Bl and VI scores in associated with automotive export competitiveness
is examined in 2000-2016 period, it is observed that there is a low global competitive advantage.
However, this competitive advantage has decreased in general after 2009. In addition, the NTI
and the LI scores indicating the level of export specialization shows that Turkey could not
provide specialization in automotive exports. The EIRI indicates that the level of specialization
is at the marginal level. In generally interpretation, although not specialized in automobile
exports, Turkey has a weak degree of competitiveness in the global automotive exports.

Table 6: Export Competitiveness of the Turkish Automotive Sector (2000-2016)

(Revealed Comparative Advantage (Export Competitiveness) Coefficients)

vears Bl Vi NTI EIRI LI
2000 0.6067 0.5829 -0.6371 -88.6717 -0.0502
2001 0.7866 0.769 0.056 34.0164 -0.0501
2002 0.9051 0.8958 0.0823 49.6435 -0.0369
2003 1.0747 1.0849 -0.097 16.8593 -0.0227
2004 1.3687 1.4291 -0.159 10.6588 -0.0134
2005 1.417 1.4852 -0.1036 22.3197 -0.0119
2006 1.5942 1.6989 -0.0392 34.8095 -0.0098
2007 1.6728 1.8015 0.0822 57.5847 -0.0071
2008 1.7272 1.8572 0.1168 57.0199 -0.0064
2009 1.6922 1.7971 0.107 53.9974 -0.0092
2010 1.6333 1.7298 -0.0448 40.9522 -0.0084
2011 1.6021 1.6902 -0.1015 39.8807 -0.0073
2012 1.3179 1.3572 -0.0524 38.0813 -0.0079
2013 1.4887 1.5571 -0.0617 44.8396 -0.007
2014 1.4502 1.5145 0.0119 48.8624 -0.0065
2015 1.4102 1.4727 -0.0374 30.6725 -0.0064
2016 1.5362 1.6317 0.0285 42.7633 -0.0055
Average 1.3696 1.4327 -0.0499 31.4288 -0.01568

Source: It was calculated by using data from the UN Comtrade Database.

When all the results are evaluated together, the productivity (the Malmquist TFP) scores
and export competitiveness scores of the Turkish automotive sector acted together in the
examined period except for the years 2010-2011. In other words, it is concluded that there was
a correct relationship between the financial efficiency and the revealed comparative advantages
(export competitiveness) in the sector. For instance, in 2007 and 2008, the Total Factor
Productivity scores increased from 1.010 to 1.076, indicating an increase in productivity growth
in industry. In the same period, the Bl and V1 also increased (from 1.6728 to 1.7272 in the Bl
and from 1.8015 to 1.8572 in the VI). Industrial efficiency resulted in increased
competitiveness. Similarly, a decrease in the average TFP of the industry in 2014 and 2015
which were announced in the same years led to a decrease in competitiveness scores (BI, VI).
These relationship is not seen in 2009 and 2012. This reason why not having the same direction
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of movement in 2009 and 2011 can be explained by the fact that these years (the 2008 Global
Crisis and the 2011 European Debt Crisis) represent the post-crisis years.

Table 7: Efficiency-Competitiveness Relationship

Years Balassa Index Vollrath Index Total Factor Productivity
2007 1.6728 1.8015 1.01

2008 1.7272 1.8572 1.076

2009
2010
2011
2012
2013
2014
2015

2016

Source: It was calculated by using data from the companies’ financial reports and the UN Comtrade Database.
Notes: The light grey color represents the increase in the scores while the dark grey color represents the decrease
in the scores. The TFP scores are the yearly average and are obtained from Table 5. The Bl and the VI are
obtained from Table 6.

Conclusions

With its strong forward and backward links to other sectors of the economy, the
automotive sector has a large multiplier effect and added value on economic growth and
development. On the other hand, the automotive sector is one of the leading sectors that adopt
and implement the Industry 4.0 processes. Following the technology and pharmaceutical
industry, most of the world's R&D investments are carried out in the automotive sector. In
parallel with revenue growth in developing countries and rising consumption demand, the
manufacturing in automotive sector with the effects of low cost has changed its direction from
developed countries to developing countries. This changing has affected directly Turkish
automotive sector. In the recent years, Turkish automotive sector has sustained its sectorial
growth through integration with the EU. It has thought that the strong steps to accomplish long-
planned competitive Turkish brand will make significant contributions to increase international
competitiveness of the sector.

The Turkish automotive sector ranks 14th in the world in terms of size, and in the 6th
place on the back of Europe, Germany, Spain, France, the United Kingdom and Russia. As of
the end of November 2017, more than 77% of the total automotive sector exports are made to
the EU countries. The Turkish automotive sector operates its activities in 12 companies and 18
factories. Of these 12 companies, four has produced exclusively automobiles, 6 has produced
commercial vehicles and 2 has produced both of them.

In the study, the structure of the automotive sector in the period of 2007-2017 is
considered as multidimensional. When the literature samples are examined, it is not found any
study examining the relationship between efficiency, rantability and export competitiveness
scores of any sector. These studies examined sectors with only one of these variables. The main
differences of this study from other studies are to associate with sectorial efficiency, rantability
changes and revealed comparative advantages’ (export competitiveness) degree. Considering
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these indicators, methods and time period, it is thought that this study brings a new perspective
and makes a contribution into literature.

According to sectorial economic and financial rantability ratio, the economic rantability
were calculated as 1.71% and the financial rantability were calculated as 3%. The fact that the
financial profitability ratio is higher than the economic profitability ratio shows that the use of
equity capital in the sector is efficient. The presence of low or high ratio of financial and
economic rantability affect the interpretation about whether sources are used efficiently. The
high ratio indicates that the resources are not used effectively and the low ratio indicates that
the resources are used effectively. In the study, it is seen that economic and financial rantability
ratios are far from 100%. In other words, ratios in question are not as high as desired. This
shows that the sector has failed to use resources. When the productivity changes caused by the
changes in technical efficiency in the period of 2007-2017 are analysed, it is seen that the
productivity decreases in the automotive sector (TFP=0.972). The highest scores of the TFP are
in 2016, 2013 and 2008, respectively, and the lowest scores of TFP are in 2017, 2015 and 2010,
respectively.

When Turkey’s competitiveness associated with revealed comparative advantage
indices (BI, VI, NT, EIRI, LI) scores in the period of 2000-2016 are examined, it is seen that it
has a low level of global competitiveness (comparative advantage). Besides, it is observed that
the competitiveness has decreased in generally after 2009 (due to the global crisis). Also, the
indices show that Turkey is unable to provide a specialization in automotive exports, but there
is also weak level of global competitiveness.

When economic and financial rantability ratio analysis are evaluated with the results of
financial efficiency (DEA, TFP) analysis and export competitiveness analysis, it is seen that
there is a relationship between the variables. Accordingly, it is observed that the scores related
to export competitiveness increased in 2007, 2008, 2013 and 2016 in which the TFP increased.
Conversely, export competitiveness decreased in 2009, 2012, 2014 and 2015 when the TFP
decreased. On the other hand, it is seen that this relationship could not be achieved only in 2009
and 2012. It is noteworthy that the years in which this relationship could not be achieved
corresponded to the aftermath of the 2008 and 2011 crisis.

With based on the results obtained, a number of recommendations can be developed to
increase both efficiency and rantability level of the automotive sector and export
competitiveness. Young and growing population in Turkey is one of the strengths of Turkey in
the automotive interior market, and it should be benefited from this dynamism. It is considered
that withdrawal of old vehicles from traffic in renewal of the scrap incentive program will help
both reducing the environmental pollution, and increasing the safety of vehicles or pedestrians.
Moreover, this practice includes an important opportunity to revive the market and to reduce
scrap imports. The tax burden which comes from the ratios of special consumption tax and
value-added tax negatively affects the growth of home market. For this reason, the lower tax
rates applied to commercial vehicles compared to their car segments will ensure the more
powerful demand for the sector in Turkey. In addition, fluctuations in the exchange rate
significantly affect the size of the market. Therefore, exchange rate stability should be given
importance. A similar situation is valid on oil prices. Factors such as accelerating urbanization
and facilitating access to credit are also expected to strengthen vehicle demand.

The foreign partnerships and the advanced supply industry of the strong groups in
automotive production and the advanced supply industry keep the industry alive, consistently.
Therefore, opportunities for cooperation with international companies should be strengthened.
Compared to the EU countries, the low labor cost provides a competitive advantage in terms of
production costs in the sector. Geopolitical position contributes to easily access to many
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markets for the development of the sector, positively. There are a number of shortcomings in
this sector despite of these advantages. The sector displays a weak view for industrial design,
patent and international standards compared to other countries. The lack of trained labor force
has appeared as an important obstacle in the transition of the sector to apply Industry 4.0
structures. The departments’ related to automotive at the undergraduate and graduate level in
universities cannot see sufficient demand. Despite of the development of logistics sector, there
are still significant deficiencies in the infrastructure. Regional problems stemming from foreign
policy also directly affect the sector. In order to solve such problems, sector representatives and
decision-makers should improve their cooperation and develop long-term policy strategies.

Factors such as rapid economic growth, young and dynamic demographic structure,
improvement in financial conditions, and the low level of car ownership rate in Turkey are
(signals) indicators of which high growth in the automotive market will continue in the
forthcoming days. In addition, the domestic automobile production and branding project as
soon as possible to make a national issue of branding and creating a social synergy and domestic
car consumption should be encouraged. In this context, the increase of direct foreign
investments, further expansion of its product range with automotive manufacturers, the
reduction of import intensity in the market in Turkey will be provided in case the market growth
of automotive sector gets back on the rails. In this situation, the rising of efficiency, profitability
and export competitiveness in the sector will be ensured.
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