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ABSTRACT

DETERMINANTS OF EXPORTS IN TURKISH PROVINCES: A SPATIAL
DYNAMIC PANEL DATA ANALYSIS

ILDEMIR, Atakan
M.S., The Department of Economics
Supervisor: Assoc. Prof. Dr. Esma GAYGISIZ

December 2025, 130 pages

This thesis investigates why export performance differs across Turkish provinces and
how spatial linkages shape these differences. This study groups the determinants of
provincial exports into three blocks which are economic-financial structures,
knowledge-innovation and accessibility-connectivity by using balanced annual panel
data from all 81 NUTS-3 Turkish provinces over 2008-2023. The empirical strategy
combines dynamic cross-sectionally augmented error-correction models with dynamic
spatial panel estimators. This strategy allows to analyze long-run relationships as well
as short-run dynamics and spatial spillovers. The results show that imports and
manufacturing activity support higher export growth and negative significant error-
correction terms imply rapid adjustment back to long-run equilibria. Human capital
and innovation matter more as a bundle than through any single proxy, while
improvements in connectivity tend to raise local exports but may create competitive

pressure on neighboring provinces.

Keywords: Provincial Exports, Spatial Dependence, Spatial Econometrics, Spatial

Dynamic Panel Models, Spillover Effects
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TURKIYE ILLERININ iHRACAT BELIRLEYICILERI: MEKANSAL DINAMIK
PANEL VERI ANALIZI

ILDEMIR, Atakan
Yiiksek Lisans, Tktisat Bolimii

Tez Yoneticisi: Dog. Dr. Esma GAYGISIZ

Aralik 2025, 130 sayfa

Bu tez, Tirkiye’de iller arasindaki ihracat performansi farkliliklarinin neden ortaya
ciktigin1 ve bu farkliliklarin mekansal baglantilar tarafindan nasil sekillendirildigini
incelemektedir. Calisma, 2008-2023 donemi i¢in tim 81 NUTS-3 Tirk iline ait
dengeli yillik panel veriyi kullanarak il ihracatinin belirleyicilerini ii¢ blok altinda
toplamaktadir. Bunlar, ekonomik-finansal yapi, bilgi-innovasyon ve erisilebilirlik-
baglantisalliktir. Ampirik strateji, dinamik kesit-genisletilmis hata diizeltme
modellerini dinamik mekéansal panel tahmincileriyle birlestirmektedir. Boylece, hem
uzun donem iliskilerin hem de kisa dénem dinamiklerinin ve mekansal yayilma
etkilerinin birlikte analiz edilmesine imkan taninmaktadir. Bulgular, ithalat ve imalat
faaliyetlerinin ihracat biiylimesini destekledigini, negatif ve anlamli hata diizeltme
terimlerinin ise uzun donem dengesine hizli bir doniise isaret ettigini gostermektedir.
Beserl sermaye ve inovasyon tek bir gosterge iizerinden degil, biitiin olarak ele
alindiginda daha anlamli bir rol oynamakta ve baglantisalliktaki iyilesmeler ise yerel

thracat1 artirirken komsu iller {izerinde rekabet baskis1 yaratabilmektedir.

Anahtar Kelimeler: il Ihracati, Mekansal Bagmmlilik, Mekéansal Ekonometri,
Mekansal Dinamik Panel Modelleri, Yayilma Etkileri
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CHAPTER 1

INTRODUCTION

Local capacity and network linkages are the main contributors to regional export
performance in Tiirkiye. The scale, industrial depth, logistics, and knowledge are the
elements of local capacity, and transport corridors, supplier-buyer relations, and
network infrastructures are the representations of the network linkages. In the last
decade, total global exports have risen. Of course, the contribution to the global export
is unevenly distributed as logistic networks, GDP’s and population etc. are not the
same all over the world. Empirical studies on provincial exports are made to
understand the positive drivers of export performance and point market size,
productivity, manufacturing intensity, connectivity, and innovation as a positive driver
of export. (Agur, 2016; Brodzicki et al., 2018; Cabral & Alvarado, 2021).

Tiirkiye-focused spatial studies on provincial exports agree with these elements by
adding spatial view and claiming provinces with seaports or border-gates export more
(Abar & Tekmanli, 2018)%; import composition supports provincial export growth
(Gengosmanoglu & Yamanoglu, 2023)?%; and agglomeration economies raise exports
(Dogan, 2022)3. In parallel, non-spatial panel studies show that logistics quality and
value-chain participation (imports) matter, while innovation and design activity

correlate with export capacity of Tiirkiye (Solmaz, 2024; Tiirkcan, 2018).

The number of researches on export performance of Tiirkiye is growing but provincial

export studies are still limited. Existing studies put efforts mostly on export-growth

! Cross-sectional SAR/SEM/SAC spatial analysis for 2023.

2 Dynamic Spatial Autoregressive (DSAR) compared with SAR/SEM/SAC/SDM, years 2004-2021,
annual study

3 SAR/SDM analysis between 2007-2019, annual



relationships or convergence dynamics as well as spatial clustering patterns. In the
spatial studies, agglomeration, import penetration, infrastructure and innovation
elements of provinces are examined by using static spatial panel models such as
SDM/SAR/SEM or pB-convergence frameworks without using long-run export
equations. Most of these studies on spatial analysis use agglomeration, infrastructure,
innovation or import elements to explain export. However, none of them test for
cointegration between exports and their determinants or use error-correction term to
explain the run adjustment mechanism of export. On the other hand, the studies where
panel ARDL and error-correction models are employed at the provincial level, are
mostly focused on the link between exports and GDP.

As a result, there is still more to investigate about spatial and long-run dynamics of
export such as long-run spatial relationship between provincial exports and its drivers
as well as the adjustment mechanism of exports from its deviations from long run

equilibrium,

This study addresses that gap by estimating a provincial export function within a
spatial and dynamic panel error-correction framework, allowing for both long-run

cointegration and short-run dynamics.

Dynamic spatial ECM (SARAR/SDM-type) models are estimated for 81 Turkish
provinces by using STATA software. Moreover, matrix alternatives such as k-nearest
and inverse-distance matrixes are used for robustness check and direct and indirect of
neighbors are reported to determine whether there are spatial dependencies between

provinces or not.

According to literature survey, to be able to understand the effects of variables such as
economic size and industrial structure, infrastructure, accessibility and connectivity,
human capital, knowledge and innovation, institutional and policy environment,
external market and trade linkages, they are integrated into different models. The aim
of the study is not only to confirm the effects of all the variables but also to present

how much they help locally and how much spillover comes from neighbors.

The thesis contributes to the literature by two means. Firstly, the study creates bridges

between non-spatial Turkish export studies and spatial ones but with richer model



structures dynamic spatial ECM (SARAR/SDM-type) and comparative neighborhood
structures (distance, K/near matrixes —robustness check). Secondly, this study
examines whether spillover effects exist among neighbors or not. It means that the
study is not only showing the effect of explanatory variables on export but also direct

and indirect effects (spillover effects) of neighbors.

In this thesis, firstly the studies about provincial export are analyzed and presented as
a literature survey. Then, non-spatial and spatial methods are explained as spatial
models are used in the study. Afterwards, the provincial spatial interactions on export
presented in Figure 4.8 and Figure 4.9. The maps obviously show that provinces are
not islands and there are some clustering spatial effects of some economic variables.
The main claim of the thesis is that geography should be considered to have robust and
unbiased results while setting up econometric models that may be connected with some
geographical elements.

1.1 Background and Motivation

In the literature, New Trade Theory (NTT), New Economic Geography (NEG), and
Gravity/Spatial Interdependence Models can explain the export determinants of
Tiirkiye. The effect of capacity and specialization is certain. Large, rich and productive
regions tend to export more and manufacturing specialization is a big plus (Brodzicki
et al., 2018; Cabral & Alvarado, 2021). Firm-side capabilities such as labor
productivity, ease of access to capital, and R&D/FDI developments may lead to faster
export growth (Agur, 2016). When we come to the access side, connectivity seems an
important determinant of export. Road density and transportation infrastructure
support export performance in spatial models in researches about Mexico (Abar &
Tekmanli, 2018; Brodzicki et al., 2018; Escobar Gamboa, 2010). Another group of
variables that may affect Tiirkiye's provincial export is knowledge and information.
Tiirkcan (2018) shows that Turkish provinces with a higher number of registered
innovations (patents, utility models, and designs) have stable long-run relations to
exports. Spatial literature about Tiirkiye puts more on it. Provinces show higher

exports in seaport/border gates and positive spatial interaction, said Abar & Tekmanli



(2018). Dynamic spatial models document rapid conditional convergence of provincial
exports per capita and a positive role for import composition (Gengosmanoglu &
Yamanoglu, 2023). Spatial panels focused on agglomeration indicate that urbanization

and localization boost export numbers (Dogan, 2022).

In summary, literature surveys clearly show that own fundamentals are important, of
course. On the other hand, neighbor spillover/indirect effects may affect export
performance. With all these findings, policymakers and scholars should consider
neighbor effects and indicate which variables lead to spillovers. The effects can be
mapped and show where those spillovers are strongest. When the causes can be
determined, policymakers can use these patterns and apply in different region to boost
exports. This thesis is designed to examine whether spillover effects exist in Tiirkiye
or not. If it exists, where and how much? To achieve that, spatial-dynamic models were
estimated for all provinces by using different weight matrices that range from
administrative borders to real trade frictions. Direct/indirect/total effects are reported

so that the empirical results can be translated into actionable policies.

1.2 Research Questions and Objectives

Research Questions

RQ1- Do provincial exports in Tiirkiye have spatial dependence when we consider

export dynamics and province/time fixed effects?

RQ2- Which provincial characteristics (e.g., manufacturing share, human capital and
innovation, connectivity) may lead to higher exports after controlling for dynamics
and fixed effects?

RQ3-How much of the export gain is from the province itself (direct effect), and how

much of it comes from neighbors (indirect/spillover effect)?

RQ4- Do spillovers change when the weight matrices (W) differ (contiguity, k-

NN/inverse-distance)?



Objectives

To be able to answer research questions, the thesis follows four main objectives. The
first one is to document the time-series and cross-sectional determinants of provincial
exports. For this purpose, to apply cross-sectional dependence, unit roots and
cointegration tests and also, if there is cointegration, to derive an error correction term
to capture long-run adjustment. The second one is to build a non-spatial panel model
including dynamic specifications as a benchmark to determine if there is a need for an
extension to spatial models. The third objective is to estimate spatial panel models with
various weight matrices that include a lagged dependent variable and an error-
correction term to address whether direct and indirect effects of neighbors exist or not.
The final objective is to ensure the robustness and policy relevance of the spillover
patterns in order to recommend province-level strategies to raise Tiirkiye's overall

export performance.

1.3 Methodological Overview

This thesis combines dynamic panel methods and spatial econometrics to explain how
provincial determinants and networks between units shape Tiirkiye’s exports. The
empirical strategy is designed in stages. First, time-series properties and long-run
relationships are examined in a non-spatial base panel framework. After that, static
spatial models are established from a macro perspective and then restricted spatial
models are also applied for robustness control. Finally, dynamic spatial panel models
are used to study the endogenous growth effect of exports on provinces. The results,
especially spillover effects of neighbors are reported according to the different weight

matrices.
Data and variables

In this thesis, export performance and spatial relations of Tirkiye’s provinces are
examined over the period of 2008-2023. Tiirkiye has 81 provinces and all provinces
are included in the study.



The dependent variable is provincial exports by origin, deflated to real USD by using
the U.S. CPI Index and used in logarithmic form. Although explanatory variables are
divided into five channels* according to the literature survey, and most of them are
found to be significant and cross-sectional dependencies even after the dynamic spatial
models. Chapter 5 documents all construction steps, transformations (including log
and per capita forms), and data sources in detail.

Time-series properties and long-run relationships.

Before beginning to model estimation, the time-series properties of dependent and
independent variables are analyzed. monitored. Panel unit root tests show that most of
the main determinants of export, as itself, have unit roots integrated of order one I(1).
Moreover, variables are stationary in first differences. With these findings, panel
cointegration tests are applied to analyze whether provincial export and its
determinants have a long-run relationship. The I(1) cointegration allows us to set Error
Correction Model and the ECM shows long-run relationships. This finding shows that
export growth responds to both current changes and past deviations from the long-run
equilibrium. This step does two things. First, it proves modelling export in dynamic
form. Secondly, the estimated error-correction term, which shows how far each
province is from its long-run export equilibrium, is added into the spatial models. In
this way, dynamic spatial models combine long-run equilibrium adjustment with short-
run and spatial dynamics for a purpose rather than adding dynamics in an ad hoc way.

Spatial Networks/Matrices (W)

To capture relationships between Tiirkiye’s provinces, K6 weight matrix (W) is used.
The base K6 matrix, includes nearest six provinces from their center points. However,
trade may not differentiate according to distance. To search this hypothesis 300 km

inverse distance matrix is used for robust results. In addition,

4 (i) economic size and industrial structure (e.g. provincial income, manufacturing share), (ii)
infrastructure, accessibility and connectivity (road density, selected logistics indicators, air
connectivity), (iii) human capital, knowledge and innovation (education shares, patents, trademarks),
(iv) institutional and policy environment (credit relative to provincial GDP), (v) external market and
trade linkages (import composition, especially intermediate and capital goods).



Model structure and estimation

The modelling strategy has three main steps in literature. The first one is to estimate
base, non-spatial panel models with province and time fixed effects and error
correction term from cointegration step. This base model shows provincial
fundamentals without adding spatial view, and also error correction term provides
information about how rapid provinces tend to adjust the changes in long-run export

equilibrium,

Secondly, in the literature, it is suggested that spatial dependency tests need to be
applied to static panel models. In addition, as it is established CS ECM maodel, error

correction term is obtained to use in spatial model.

The third step is to build the workhorse dynamic Spatial Durbin model with spatially
correlated errors (SAC/SDM-SEM type) in error-correction form. Evidence from
cointegration and ECM process and the convergence finding of exports presented in
Figure 4.10 and Figure 4.11 shows that there is dynamic structure of provincial export.
FE/RE selection can be done by Hausman test results. The dynamic Spatial Durbin
model with spatially correlated errors (SAC/SDM-SEM type) in error-correction form
structure allow exports to depend on their own lag, the spatial lag of export and spatial
lags of main explanatory variables. The addition of error correction term obtained from
the ECM provide adjustment to long run equilibrium. Provinces not only react to their
neighbor’s export and characteristics but also react and adjust towards its own long

run equilibrium,
Impact decomposition and interpretation.

In the spatial models, coefficients do not directly show the magnitude of the impact in
provincial units. To show the direct and indirect effects, the thesis follows LeSage &
Pace (2009) effects presentations and reports direct and indirect (spillover) as well as
total impacts for the variables by using different types of weight matrices rather than
focusing only on coefficients. The details of the impact calculations are provided in

section 3.2.7 and section 6.3.



Diagnostics and robustness

After applying different estimation models, standard diagnostics and robustness
checks are applied. For non-spatial models, residual properties and convergence
speeds are examined. After building spatial models, Moran’s I and related tests are
used to determine remaining spatial dependence and compare fixed versus random
effects. Robustness is assessed by using different weight matrices and the lag structure

of the spatial models. Further details and results are reported in Chapter 6.

1.4 Contributions and Structure of the Thesis

This thesis makes three main contributions to the literature about province level export

determinants and relations of Tiirkiye.

First of all, it develops spatial dynamic panel framework for all 81 provinces by using
set of variables which are used in different province level researches. Apart from
standard variables used often in literature, the thesis applied more specific variables
such as credit depth, higher educated population, granted patent numbers and so on.
The result show that only a subset of variables that are categorized into five in Chapter
2 and gives significant and meaningful results when dynamic and spatial dependence
are taken into account. Rather than presenting result as “significant” or “positive”, the

thesis reports direct, indirect and total effects.

One of the main contributions to literature is that, the study combines panel
cointegration and error-correction ideas into spatial panel modelling. By establishing
long-run relationship between exports and its explanatory variables, error correction
term is obtained. Then, error correction term is used in the workhorse model, dynamic
Spatial Durbin model with spatially correlated errors (SAC/SDM-SEM type) in error-
correction form. In this way, the spatial specification is not just a lagged-dependent-
variable extension, but a model that jointly captures short-run dynamics, long-run

adjustment and spatial spillovers.

Lastly, the thesis compares alternative spatial weight (spatial networks) and report the

impact results separately (direct, indirect effect). These easy-to-read result reports may



help policy makers while their decision-making processes. These important to mention
effect or relations (for example, human capital or credit variables) are summarized (if
necessary). They are not precise policy recommendations but rather spatially explicit

summaries that can inform provincial export policies.
Structure of the thesis
Chapter 1 — Introduction

Inform about the background and motivation, research questions, methodological

overview and main contributions.
Chapter 2 — Literature Review

Reviews the theoretical foundations (Classical Trade Theory, New Trade Theory, New
Economic Geography, Gravity and Spatial Interdependence) and gather empirical

findings for spatial and non-spatial determinants
Chapter 3 — Methodology

Present econometric framework that used in the study including non-spatial panels,
panel unit-root and cointegration tests, the error-correction model, spatial weight
matrices, static and dynamic spatial panel specifications, model selection procedures
and the impact decompositions

Chapter 4 — Export Landscape of Tiirkiye — A Brief Overview

Describes where export of Tiirkiye states, how the spatial footprint of exports changed

over time
Chapter 5 — Data and Descriptive Analysis

Defines the variables, data sources and transformations, introduce descriptive
statistics, presents maps and basic convergence diagnostics and provide information
about first evidence on spatial dependence and heterogeneity across provinces

Chapter 6 — Empirical Results

Reports the main non-spatial and spatial estimates, presents direct, indirect and total

effects by W, compares alternative network structures, and discusses robustness with



respect to lag structures, outcome definitions and spatial matrices. Province-level

spillover profiles are also presented.
Chapter 7 — Conclusion

Summaries the key findings, discusses their implications for provincial export policy,
acknowledges data and modelling limitations and suggests directions for future

research.

In this way, the thesis connects facts about Tiirkiye’s export geography to a spatial-

dynamic econometric framework.
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CHAPTER 2

LITERATURE REVIEW

In this chapter relevant literature on the determinants of regional export performance
is reviewed. Firstly, theoretical foundations of trade and regional export models are
presented and the main researches on how spatial linkages, spillover effects, and
interregional dependencies can influence trade outcomes (especially export) are
addressed. The following sections summarize empirical studies on the key factors that
try to explain export performance. These studies are grouped under some categories
such as economic size and industrial structure, infrastructure and logistics, human
capital and innovation, institutions, policies and incentives, and external and
macroeconomic factors etc. to have some inspirations on this thesis study. This
structure sheds light on this thesis and allows for a systematic understanding of how
different regional characteristics contribute to export capacity while also supporting

the spatial dynamic panel framework adopted in this study.

2.1 Theoretical Background

The determinants of trade and export performance have long been studied by
international and regional economists and academicians over the years. Various
theoretical frameworks have been developed to explain how regions or countries do
trade and what factors affect their export capacity as well as if geographical conditions
shaping the economic interactions or not. The Classical Economic Theory (CET)
mainly focuses on the differences in productivity and factor endowments. The CET is
explaining those components as the main sources of comparative advantage, while the
New Trade Theory (NTT) emphasizes and points out drivers of specialization of trade

as increasing returns to scale and the market size. In addition, the New Economic
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Geography (NEG) use spatial elements—such as location, transportation, and
agglomeration economies—to explain the uneven geographic distribution of

production and exports.

More recent approaches, such as the Gravity Model (GM) and spatial econometric
frameworks, extend these theories explained above by explicitly modeling spatial
interdependence and spillovers among geographic locations such as regions or
provinces as well. These geographically extended perspectives suggest that a region’s
export performance is not only determined by its internal characteristics but also by
the some of the characteristics or conditions of its neighbors. It is essential to
understand why regional disparities in economic size, industrial structure,
infrastructure, and human capital can lead to spatially heterogeneous export outcomes.
This section provides an overview of these theoretical foundations which helps to build
the empirical structure of this thesis study.

2.1.1 Classical Economic Theory

The pioneer trade explanations and trade analysis studies are made by classical
economists who underlined differences in productivity and factor endowments as the
main drivers of international specialization. According to Ricardo (1817), countries
should focus on producing goods for which they possess a comparative advantage,
defined by lower opportunity costs compared with other nations. It is originally
formulated by classical economists such as Adam Smith and David Ricardo in an
international context but this principle can be applied to regions within a country that

differ in their resource composition and production efficiency.

The Heckscher—Ohlin (H-O) model further developed this view by introducing factor
endowments as the core determinants of trade patterns (Ohlin, 1933). The model
assumes that regions tend to export goods that intensively use their abundant factors
of production, such as capital, labor, or land. This framework also provides a basis for
key theorems like the factor price equalization, Stolper—Samuelson, and Rybczynski
theorem which explain the impacts of trade on income distribution and production

structures (Jones, 2008). These theories have limitations because of some assumptions
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like identical production methods, uniform consumer preferences, and the exclusion

of factor-intensity reversals (Feenstra, 2015).

The empirical models in this thesis, H-O framework is considered by including the
variables such as manufacturing share, educational attainment, and investment
proxies. The aim is to explain how the disparities in productive capacity across
provinces, and how variations in factor composition and industrial structure affect
provincial export performance in Tiirkiye. However, classical models do not fully
explain the reasons behind the geographic concentration or clustering of trade. Such
phenomena, which lie outside the scope of neoclassical theory, are analyzed in detail

in the following sections of this research.

2.1.2 New Trade Theory

The New Trade Theory (NTT), which was firstly structured by Krugman in 1979 and
then developed together with Helpman and Krugman in 1985. The theory uses
increasing returns to scale and imperfect competition to explain. NTT explains also
the dynamics of trade between structurally similar regions. The theory emphasizes the
significance of economies of scale and product differentiation in monopolistic
competition unlike traditional models. It claims that businesses can lower their average
prices and may offer more and more products in larger marketplaces. It encourages

businesses to trade with each other in the same industries (Krugman, 1980).

This theory asserts that provinces/regions with larger economies and diverse industries
tend to succeed in foreign markets. Regional GDP serves as a proxy for market size,
representing the aggregate productive capacity within an economy. Moreover, diverse
industrial structure makes learning new things and share technical knowledge easier
through shared infrastructure and people within an economy (Helpman & Krugman,
1985).

As aresult, the NTT provides a strong theoretical framework for using economic size
(like real GDP) and industrial structure (like manufacturing share) as the main
explanatory variables in the empirical model which tries to explain trade or foreign

trade which might be export. However, the theory is not good enough for explaining
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the factors that lead to the emergence of economies of scale and industrial
specialization in certain geographic regions and why similar trends occur in some
geographic regions. The “home market effect” and subsequent transport cost and
market access mechanisms try to explain this mysterious spatial concentration. This
puzzle is explained by the New Economic Geography point of view and it is discussed

in next section.

2.1.3 New Economic Geography Theory

Early founder of The New Economic Geography (NEG) is considered as Krugman
because of his article that he wrote in 1991. In his article, he explained the interaction
between increasing returns to scale, transport costs, and labor mobility and how these
interactions lead to the spatial concentration. The framework of his work is called core-
periphery model where circular causation occurs® (Krugman, 1991). Later on,
Venables (1996) introduced vertical production linkages in his paper “Equilibrium
Locations of Vertically Linked Industries.”. He claims that both customer and
suppliers may cause spatial clustering because they both creates cost and demand
linkages. This means producers want to locate closer to his customer and also his

supplier. It creates industrial clustering even without labor mobility.

The next noteworthy academical contribution is studied by Fujita et al. (1999). The
comprehensive study includes core-periphery equilibrium, market potential etc. In this
study, there are few more concepts added to understand the geographical clustering.
The study claims that transportation cost and market access also may cause
geographical concentration of economies. Puga (1999), also contributed the literature
by confirming the effect of transportation cost on clustering, and he also examined the

concept of trade liberalization.

5 The demander of a specific good in a country or region becomes the exporter of that product due to
the increasing returns to scale and trade costs (Krugman, 1980).

6 Circular causation, a self-reinforcing process in which firms and workers concentrate in regions
offering better market access (Krugman, 1991).
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In summary, the NEG framework add geography into economic activities to explain

why spatial concentrations occurs.

2.1.4 The Gravity Model and Spatial Interdependence

The Gravity Model for economies which is similar to Newton’s Law of Gravitation’
is firstly founded by Tinbergen (1962). He explains the trade between two countries
as Newton did for the gravity. He claims that trade between economies increases when
economic mass (GDP, population etc.) increases. On the other hand, gravity/trade
decreases when the distance between economies increases. However, his work was

completely empirical.

The earlies theoretical contributions to the literature are made by Anderson (1979), he
signatured the first derivations of Gravity Model by proving that trade flows naturally
follow a gravity form according to consumers behaviors or product differentiation by
origin. Anderson & van Wincoop (2003), derived new variables apart from distance
and bring out complete multilateral resistance idea. The work claims that trade
between countries not only depends on distance — gravity in Newton’s formula — but
also depends on how many trade barriers they have with all of their other partners. The
multilateral resistance term contains borders and national divisions and they have more

effect on bilateral trade than just only distance.

Behrens et al. (2012) worked also with Gravity Model and they demonstrated that
multilateral resistance can be seen as a spatially dependent scheme. They turned the
gravity model into a Spatial Autoregressive (SAR) process. In this way, with the SAR
model, it can be seen that a country's trade flows depend on how its neighbor’s trade.
This Dual Gravity model clearly shows that how two-dimensional variables affect each
other across space and time.

" Newton's law of gravity, the force that pulls every other particle of matter in the universe toward it, is
inversely proportional to the square of their distances from one another and directly proportional to the
product of their masses.
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Although, the term “spatial econometrics” was first® presented as a book by Paelinck
& Klaassen (1979) and definitive founding work of modern spatial econometrics book
is written by Anselin (1988), when it comes to the spatial correlation and lag models,
it can be said that LeSage & Pace (2009) discussed geographical dependence and
spatial heterogeneity, presenting spatial lag and spatial error models clearly in their
publications. This publication inspired most of the academicians as it unifies the theory
and application. They demonstrate the dependent nature of outcomes across regions
and how missing this correlation biases estimations. Trade flows are a classic example
of spatial interaction in the context of gravity. P. J. Elhorst (2014) extended modern
spatial econometrics to panel data and enabled dynamic and fixed-effect modeling of

spatial dependence.

In conclusion, evolution of trade analysis of regions, provinces and countries shows
that economic interactions include geographical bias. The theoretical framework
proves that international and interregional economic activities cannot be explained
without spatial linkages. In the light of the literature reviewed above, spatial panel
models provide a framework to explain the export determinants of Turkish provinces
and how neighbor provinces are affecting the export of each other provinces.

2.2 Empirical Determinants of Provincial Exports

The literature of theoretical frameworks on trade and regional export models tries to
explain the main structure of the trade, while empirical researchers apply those
concepts to real-world data to understand the determinants of trade. The main question
of what the major determinants of export success are is still being worked on by

researchers.

Export as a subject has been extensively studied in the literature. However, the export

performance of the provinces or regions still has some room to improve. Especially

8 Measures of spatial autocorrelation were first introduced by (Moran, 1948, 1950) and Geary (1954),
and later systematized by (Cliff & Ord, 1973, 1981), whose works laid the statistical foundation for
modern spatial econometrics.
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panel econometric studies on the export of province are not as numerous as export
studies of the countries. The literature review studied the non-spatial determinant of

provincial export, which can be seen in Table 2.1.

Table 2.1 Literature Review on Non - spatial Determinants of Provincial Export

Author(s) Ana_lyzed Estimation _
& Year Reglc_)n & Method / Key Variables*
Period Methodology
Sasmaz 14 Turkish Static panel Dep.: Exports (Inexp / Inbexp).
(2025) land-border (FE/RE) Indep.: GDP per capita,
provinces, Population, Government
2004-2021 spending, Trademarks, Patents,
Time dummies (EU crisis, Syria
inflow, heterodox policy).
Nazarczuk | 380 Polish | Two-step System Dep.: Exports; Exports per
et al.| counties GMM (dynamic capita; Exports per sg. km.
(2024) (LAU-1), | panel, with county Indep.: Foreign-owned
2004-2019 & year FE) enterprises (FOESs), Human
(annual) capital (share with higher
education), Social capital
(election turnout), Road density
/ distance to road network,
Distance to nearest SEZ,
Industrial employment share.
Solmaz 81 provinces | Dynamic panel Dep.: Provincial exports (log).
(2024) of Tiirkiye, (System-GMM; Indep.: Logistics performance,
2009-2021 Arellano- Lagged exports, Partner-country
Bover/Blundell- per-capita income,
Bond) Imports/GRP, Real exchange
rate
Pan et al.| 28 Chinese Static panel Dep.: Exports. Indep.: Industrial
(2023) provinces regressions and agglomeration, Labour
(industry- dynamic panel productivity, Industrial output,
level), 2008— (GMM) Number of enterprises, Flagship
2017 enterprises, Financial
(annual) expenditure, Scientific
expenditure
Tiirkcan 81 Turkish | Panel cointegration | Dep.: Exports. Indep.: Patent
(2018) provinces, | (Johansen—Fisher) registries, Utility model
2003-2017 registries, Design registries.
(annual)
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Table 2.1 (continued)

state GDP up to
2008)

Cabral &| 32 Mexican Static and | Dep: Manufacturing exports (log)
Alvarado states, 2007— | dynamic panel / Indep: State GDP, ratio of
(2021) 2015 data (FE/RE, | manufacturing to total GDP, FDI
System stock, real exchange rate, U.S.
GMM) manufacturing production index
Brodzicki 35 NUTS-2 Panel data Dep: Regional exports (log) /
et al. | regions in Spain | (OLS, PCSE- Indep: GDP per capita,
(2018) and Poland, PSAR1) manufacturing share, agricultural
2005-2015 share, FDI, population, area,
border access, sea access, TFP,
innovation (R&D), infrastructure
(rail, road, maritime)
Wang & | Trade Partners | Augmented Dep.: Export value. Indep.:
Badman (GMP): 108 gravity panel: | Exporter GDP, Importer GDP,
(2016) partners, 2006— | FE-GLS, RE- | GDP per capita difference, Real
2015; Copper | GLS, and IV- |exchange rate, Distance, Common
(CTP): 21 GMM (for language, Common border,
partners; endogeneity) APEC/CAN/MERCOSUR
Regional block dummies
(RTP):
MERCOSUR,
1994-2015)
Agur 10 Canadian Random- Dep.: Exports / export growth.
(2016) provinces x 8 | effects panel; Indep.: Relative export price,
product factor- Labor productivity, Real wages,
categories, 1997—| augmented Capital stock, R&D (industry,
2014 (annual) panel province), FDI, Vocational
regression training. Controls: Energy share,
Population density, Foreign-
import ratio, Inter-provincial
import ratio, Female participation,
Unionization.
Cizkowicz 16 Polish Panel data Dep: Export intensity / Indep:
et al.| regions, 1999—- | (OLS, GLS) Human capital, road density,
(2013) 2008 labor productivity, industrial
share, FDI, wages, agriculture
share, border access
Vieira &| 27 Brazilian Fixed Effects; Dep.: Exports. Indep.: Trade-
Haddad states, 1996— Two-step weighted real exchange rate
(2011) 2009 (annual; | System GMM | (RER), Trade-weighted foreign

GDP, Commodity prices, State
GDP.
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Table 2.1 (continued)

Matthee & | 354 magisterial Panel data | Dep: Manufactured exports (log) /
Naudé districts in South (Tobit, Indep: local GDP (home-market
(2008) Africa, 1996— Random- effect), distance to nearest port
2004 Effects Tobit, (transport cost), surface area
GLS) (transport cost proxy)

Source: Created by the author

*The table's key variables don't fully represent all the variables used in the related studies.
Note: Dep.=Dependent Variable, Indep.=Independent Variables

Although, there are not many studies on provincial export, classification of the
independent variables that studied to explain the export is also complex. This
classification of the literature is made to have consistent empirical results while

selecting the variables in the spatial econometric model by using

Although, the groups have different variables than each other, the countries or
provinces with strong industrial structures are tend to have better infrastructure, more
skilled population and investment incentives. It may cause biased estimation because
of serial correlation but this section reviews the most important empirical findings and
puts them into five groups which are: (i) economic size and industrial structure, (ii)
infrastructure, accessibility, and connectivity, (iii) human capital, knowledge, and
innovation, (iv) institutional and policy environment, and (v) external, market, and

trade linkages.

2.2.1 Economic Size and Industrial Structure

The economic size and industrial structure boost export. As the academic works
proves, economic scale, income, productivity, and industrial depth, they are all
supporting the areas to do more and more exports. Brodzicki et al. (2018) use Polish
and Spanish NUTS-2 data to show that regions with more people and a higher GDP
per capita realize more exports. An increase in population by 1 percent leads to
increase of 0.5% of exports, while income causes 0.4-0.7% increase. It means that
more people, more income cause more export. There is also a large, positive
relationship for TFP. It increases the export by 1 percent. Another important

contribution by the authors is that regional manufacturing share provides an extra
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boost, and regions with access to the sea or a border have higher effects of the variables
mentioned. These findings are exactly in line with home-market/scale effect of NTT

and NEG as there is agglomeration and market access that boost exports.

In many studies, labor productivity and a larger capital stock led to faster export
growth as Agur (2016) presented the same results for Canada. In this study, the results
shows that R&D and FDI also help to the export performance. The study has an
important lesson that is the sustainable export performance may be because of being
better equipped and more productive. In this way, the companies can be successful in
foreign markets. This is in line with NTT (variety and quality frames) and the Classical

focus on factor-based efficiency.

Cizkowicz et al. (2013) discover that in Polish regions, foreign-owned employment
correlates with improved export intensity. They explain that finding as international
companies tend to be suppliers of international markets and in most cases, they led
export. Cabral & Alvarado (2021) demonstrate that in Mexico, both FDI stock and the
manufacturing-to-GDP ratio increase manufacturing exports. Moreover, the long-term

impact of FDI to exports is found significant.

All of these empirical studies support the theoretical frameworks of NNT (scale and
product scope) and NEG (industrial clusters and input sharing), as well as connection
to Classical Trade Theory about productivity. The studies shows that
regions/provinces that are larger, wealthier, more productive, and more specialized in

industry tend to have higher export levels.

2.2.2 Infrastructure, Accessibility, and Connectivity

In the literature review, it is obvious that connectivity has positive effect on export
performance. However, the effective access of connectivity nodes quality by means
support exports rather than quantity. Brodzicki et al. (2018) report positive relationship
between exports and rail capacity for Spanish and Polish regions as railway is popular
in EU. When we come to the motorways, it has contribution to export but not as much

as railway.
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For Tiirkiye, Solmaz (2024) finds that a Logistics Performance Index ° has a clear and
positive relationship with exports in dynamic panel estimates. At the cross-border
provinces, cross-sectional spatial evidence shows higher exports where seaports and

border gates are present (Abar & Tekmanli, 2018).

Finally, in Mexico, when the spatial dependence is taken into account, road density is
positively related to exports (Escobar Gamboa, 2010). The common mechanism is
familiar from NEG and the Gravity Model. The findings support the theory that if

infrastructure lowers trade costs, it expands export volumes.

2.2.3 Human Capital, Knowledge, and Innovation

It is a common belief that specialized or educated population may be related to the
export performance of the country because the people can either produce goods or
ideas. For Turkish provinces, Tiirkcan (2018) discovered a positive long-run
relationships between registered innovation outputs and exports in her study. She
claims that innovation not only increase the export numbers, it may cause the
diversification of the products and help to build sustainable export performance as it
iIs mentioned and explained in NTT and NEG theories of localized knowledge
spillovers. Sasmaz (2025) also contributed to the literature with his work by showing
that trademarks and patents are positively linked to both exports and income within
Tiirkiye’s border cities. In a different context, Agur (2016) shows that labor
productivity, capital accumulation, and R&D are all associated with better export

performance.

The findings from all the authors clearly show that provinces with higher
educated/skilled population and innovative ideas/expenditures not only boost the

exports, they also help provinces to have healthy and sustainable export capacity.

® Logistics Performance Index (LPI) is a composite metric that bundles various indicators to measure
both the access to and quality of transport infrastructure and logistics
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2.2.4 Institutional and Policy Environment

Political decisions and institutional capacity can influence the exports of provinces for
sure. For Tirkiye’s cross-border provinces, Sasmaz (2025) found that higher public
spending is associated with higher exports. Moreover, total exports and provincial
development tend to move together. The findings are consistent with theories
structured by NEG, Classical and New Trade perspectives. Looking beyond Tiirkiye,
spatial-dynamic studies made by D’Ingiullo et al. (2023) for Italy, underscore the
positive contribution of rule of law and banking depth to export propensity. It may be
because stable rule of law environment can get more FDI and as they tend to do more
export, export can get higher. Banking depth also may contribute to the companies to

scaling up and exporting more.

2.2.5 External, Market and Trade Linkages

External demand, macro integration, and value-chain participation may increase the
regional exports. In Brazil, Vieira & Haddad (2011) show that higher partner-country
income is associated with higher exports. It is also explained in the theoretical
background sections and they are in line with Gravity (market size) and the demand-
pull side of NTT. An additional gravity perspective from Peru by Wang & Badman
(2016) finds positive impact of importer’s GDP and Peru’s GDP, and also having
regional trade agreements (e.g., APEC, MERCOSUR). They are mentioned how
institutionalized integration expands exports capacities. Similar findings made by
Solmaz (2024), and he documented for Turkish provinces that stronger import
intensity (a proxy for GVC), higher partner-weighted income increase exports. In
summary, provinces more integrated in buyer markets and global supply chains trade

abroad.

Before turning to Section 2.3, it is important to mention that findings in the literature
presented in Sections 2.2.1 - 2.2.5 are incomplete. In reality, trade between provinces
and countries are not bounded/fenced as sometimes countries do. Normally, firms buy

inputs, share infrastructure, and compete (or collaborate) across borders. It means that

22



what happens in one province can spill into another. This is precisely the intuition

behind Section 2.1.4 (Gravity and Spatial Interdependence) that trade outcomes reflect

the wider network of neighbors that shape market access and diffusion.

The next section is about spatial dimensions of provinces/countries and how is the

relations spill over.

2.3 Spatial Dimensions in Provincial Export Studies

In Section 2.1 and 2.2 summarized the theoretical and empirical determinants of trade

and also export performances, this section reviews the spatial panel studies that

empirically test the spatial relationships. The recent literature is selected according to

the dependent variable of this thesis (export) or the econometric model structure which

explains the spatial dynamics of export performance.

Table 2.2 Literature Review on Spatial Dimensions in Provincial Export Studies

standardized

Author(s) & | Analyzed | Estimation Method Key Variables
Year Region & / Methodology
Period
Dep.: Export performance
Dynamic panel (exports/GDP). Indep.: Rule
_ (SYS-GMM, of law, Imports/GDP,
103 Italian _
D’Ingiullo et al. ) dySAR, dySDM) - | Manufacturing employment
provinces, _ o
(2023) k-nearest neighbours share, Specialization,
2004-2016 ) )
(k=8), row- Graduates (tertiary), Banking
standardized development, Coast dummy,
Airport dummy.
Dynamic Spatial | Dep.: Real exports per capita
81 Autoregressive (growth and convergence) /
Gengosmanoglu )
provinces Model (DSAR) — Indep.: Imports (total,
& Yamanoglu o ) ) )
(2023) of Tiirkiye, | Contiguity-based intermediate, capital,
2004-2021 Matrix, row- consumer goods), spatial lags

of exports and imports
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Table 2.2 (continued)

Dep.: Provincial exports
81 (log). Indep.: Urbanization
) Static Spatial Panel (URB), Localization
Dogan provinces of
(SAR/SEM/SDM) + (LOCAL), Motorway &
(2022) Tiirkiye, o . .
Spatial Finite Mixture | Railway length, Distance to
2004-2018 _ )
port, Education (schooling
shares), Public investment
] Spatial econometrics:
81 Turkish Dep.: Exports. Indep.:
Abar & _ SAR, SEM, and SAC
provinces, o Border-gate dummy, Seaport
Tekmanli (general), contiguity and o
2013 (cross- ) dummy, Imports, Provincial
(2018) ) 10-nearest inverse- )
section) ) development index.
distance
Dep.: Bilateral exports.
19 Spanish | Spatial autoregressive | Indep.: Origin & destination
NUTS-2 gravity model (SAR) income, GDP per capita,
Marquez- ) ) ] )
. regions, with port variables; IV | distance, language, borders
amos
(2016) To 45 and dynamic panel (France/Portugal), FTA,
countries, | robustness (Arellano— | remoteness, port facilities in
2000-2008 Bond) origin, port quality in
destination
) Dep.: Exports (also
Spatial panel )
) Exports/GDP in robustness).
] SAC/SARAR (spatial _
32 Mexican ) Indep.: Lagged GDP (size),
Escobar lag of exports + spatial _
states, ) Population, Wages,
Gamboa error) via FG2SLS, o )
1994-2002 o _ Electricity price, Road
(2010) contiguity and inverse- ) )
(annual) ) network density, Industrial
distance W, row- _
) agglomeration, FMP (US
standardized ) )
demand), time dummies

Source: Created by the author

*The table's key variables don't fully represent all the variables used in the related studies.

Note: Dep.=Dependent Variable, Indep.=Independent Variables
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Spatial models are questioning whether neighbors affect the exports or not. In Tiirkiye,
a dynamic spatial panel study (SAR) conducted to understand the relationship between
provincial import and export with a row-standardized contiguity matrix shows that
there is quick conditional convergence between provincial imports and exports. When
neighbors’ export growth raises that contributes a positive effect on own export growth
(Gengosmanoglu & Yamanoglu, 2023). A complementary spatial panel analysis about
provincial export of Tirkiye highlights positive spatial findings about the role of
urbanization and localization economies while public investment also contributes
positively (Dogan, 2022). Another spatial study (cross-sectional spatial model) for
Turkish provinces confirms that provinces with seaports and border-gates tend to

export more and have positive spatial interaction with others (Abar & Tekmanli, 2018).

All three province-level Tiirkiye’s studies prove the NEG theory. The theory claims
that market access and agglomeration raise exports, and those gains can spill to the

neighbor provinces when contiguity defines the network.

Beyond Tiirkiye, for Spain, the studies show that infrastructure of network channels is
spatially significant. Marquez-Ramos (2016) constructs a port-corrected spatial weight
that geographic contiguity with port importance and destination-port quality. The
results show that both owned and neighbors’ ports boost exports. Spatially lagged
exports also have effects often larger than the direct port effect. This finding is exactly
what Gravity Model Theory presented in section 2.1.4 would predict when trade costs

are shaped by transport nodes.

Another study is conducted for Mexico, with an inverse-distance, row-standardized
matrix, a spatial SAC/SARAR model found positive clustering, and reports that road
density and state size improve export performance. However, here is the neighbor
effect is not statistically significant (Escobar Gamboa, 2010). In Italy, dynamic spatial

panels with a k-NN matrix 1° mentioned strong direct positive relations with rule of

10 The K-Nearest Neighbors (k-NN) matrix is a type of spatial weight matrix used in spatial models. It
is denoted as W*~NN and used to define the connectivity of interaction between geographical units.
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law, imports/GDP, manufacturing share, and banking depth. (D’Ingiullo, Di
Berardino, Odoardi & Quaglione, 2023).

Although the studies conducted on provincial export are limited, outlined spatial
literature shows that logistics networks and clustering create spillovers. Most of the
effect still comes from a province’s own effort, but neighbors add an extra
contribution. These empirical findings are supporting the main hypothesis expressed
by NEG (market access and clustering) and Gravity/Spatial Interdependence (network-

mediated spillovers).

However, in the literature there is still some missing researches about the spatial export
performance analysis of provinces. The section 2.4 explains how this thesis will fill

that space in the literature.

2.4 Research Gap and Positioning

Most of the existing work on provincial exports in Tiirkiye focuses either on long-run
relationships or on short-run dynamics. In addition, most of the studies on exports use
non-stationary either spatial or non-spatial dynamic models. Also, studies using panel
cointegration or ECM techniques estimate non-spatial long-run relations between

exports and other explanatory variables.

Dynamic panel models and GMM applications capture short-run persistence without
modelling spatial spillovers. Spatial contributions, mostly rely on static
SAR/SEM/SDM specifications or dynamic models without an explicit error-correction
structure. Therefore, they identify spillovers but do not link them with long-run
equilibrium. As a result, it is known little about how provincial exports in Tiirkiye

adjust back to their long-run paths after shocks.

This thesis fills that gap on dynamic Spatial Durbin model with spatially correlated
errors (SAC/SDM-SEM type) in error-correction form. The model is allowing long-
run equilibria, short-run responses and spatial spillovers jointly and within a unified

block structure of determinants.
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CHAPTER 3

METHODOLOGY

In this section, firstly, panel data analysis is discussed. The main static panel data
analysis methods, namely Fixed Effects and Random Effects panel models are
introduced as well as Error Correction Model. After that, within the framework of
spatial econometrics, the SAR (Spatial Autoregressive), SEM (Spatial Error), and
SDM (Spatial Durbin) models are explained. Subsequently, the concept of the Spatial
Weight Matrix is introduced, and information and some details are provided about the

spatial panel data analysis, which is the most striking method used in this thesis.

Afterwards, the dynamic Spatial Durbin model with spatially correlated errors
(SAC/SDM-SEM type) in error-correction form econometric model presented to
examine the factors determining provincial exports in Tirkiye are defined, and the
structure of the data models is presented. Finally, employed estimation methods in this
thesis are explained. The potential endogeneity issues are discussed, and robustness

checks are conducted to assess the consistency and reliability of the empirical results.

3.1 Non-Spatial Econometric Framework

The empirical analysis in this thesis is based on a provincial panel data set covering 81
NUTS-3 provinces of Tiirkiye over the period 2008-2023. This structure as it
combines both cross-sectional and time-series variation is called panel data. Arellano
(2003) defined panel data as any dataset that contains repeated observations over time
for “individuals” such as workers, households, firms, industries, regions, or countries.
Baltagi (2005) also made similar definition and defines panel data as dataset that
combines observations for multiple entities—such as households, countries, or firms.

Wooldridge (2010) similarly agrees with other scholars and states that panel data also
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known as longitudinal data as datasets that contain repeated observations over time for

the same cross-sectional units, such as individuals, households, firms, or cities.

In panel data literature, the idea is to relate provincial exports to a set of time-varying
variables such as economic size, manufacturing specialization, infrastructure, human
capital and financial access. At the same time, unobserved, time-invariant provincial

factors and common time shocks should be eliminated.

As provinces differ in many dimensions which are difficult to measure such as
historical trade links, institutional quality, geography, industrial culture it may cause
biased estimations. Hsiao (2003), Baltagi (2005) and Wooldridge (2010) emphasized
these advantages of panels. These advantages of panel data are the ability to control
for individual heterogeneity, increasing the amount of information in the data, and

reducing multicollinearity among regressors.

On the other hand, panel data do not explain all relationships among variables and
cross sections. Most of the time, as presented in Chapter 2, regional panels often have
short time dimensions. Also, panel data often shows cross-sectional dependence which
may be cause of national shocks or spatial spillovers. As discussed by Baltagi (2005),
ignoring such cross-sectional dependencies (CD) can cause biased estimations and
invalidate panel unit root and cointegration tests.

In line with this literature, some empirical strategy followed in stages. Firstly,
conventional static panel models (e.g. fixed effects, random effects) are used as a
baseline to characterize the relationship between exports and their determinants.
Finally, with the help of conventional and modern panel model estimations, spatial
panel frameworks are established to capture if there is provincial relationship and

spillover effects.

3.1.1 Conventional Panel Data Models

In this thesis, the static panel specification is the starting point.

YVie =a+ ' Xip + i + A + &t (1)
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v;+ denotes the log of export or log of export per capita of the province i at time ¢.
Economic structure, infrastructure, human capital, financial development and local
public expenditures are captured by a vector X;;. u; denotes the unobserved time-
invariant provincial effects while A, captures common year-specific shocks, and ¢;; is

an error term.

The model (1) is discussed by Hsiao (2003) and Baltagi (2005). Unobserved
heterogeneity is either modeled as a fixed parameter or as a random draw while time

and/or unit (province) effects are considered.

In Tirkiye case, y; can be provinces’ differences in geography, historical trade
orientation, institutional quality or industrial culture which cannot be directly observed

but are likely affect export performance of the units.
Fixed and Random Effects

There are two famous approaches for handling the unit effects, y; (province in this
study). The fixed-effect (FE) estimator allows correlation between pu; and the
explanatory variables. For example, province's unique "entrepreneurial culture™ may
affect its GDP.

The model uses "within" transformation that subtracting each province's own long-
term average from its yearly data (Figure 3.1). By focusing only on how much each
province changes from its own average over time, the estimation cancels out all of the

time-invariant, unobserved effects.

Within Estimate / Fixed Effects Random Effects

happiness

happiness

Figure 3.1. Visualizing Panel Data Estimators: Within/Fixed and Random Effect

Source: (Riittenauer & Kapelle, 2025)
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The random-effect (RE) estimator assumes that there is no correlation between y; and
the explanatory variables and it can be estimated via feasible GLS. Baltagi (2005)
shows that the choice between FE and RE should rely on both theoretical

considerations and specification tests such as the Hausman test.

As the variables used in this thesis (e.g. GDP/GDP per capita, infrastructure, education
level) may be correlated with province-specific unobservable variables as expected.
The fixed-effects specification forms the main static benchmark and it is
complemented by random-effects estimates. After the model set ups, LM and

Hausman diagnostics'! are applied for robustness.

3.1.2 Panel Unit Roots and Cointegration

Most of the variables used in this thesis are non-stationary which are represented by
I(1) and they are stationary only when their first differences are taken, which are called

non stationary or stationary under integrated of order one 1(1).

Conventional panel regressions may create spurious relationships if such non-
stationarity is ignored. This problem is solved and documented in the literature by
Banerjee (1999), Baltagi (2005) and Breitung & Pesaran (2008).

Panel unit root tests extend univariate unit root procedures to both cross-section and
time variated data. The first-generation unit root tests assume that cross-sectional units
are independent Breitung & Pesaran (2008). However, in this thesis cross-sectional
tests show that there are dependencies between sections which is expected for

provinces because of common national shocks or using the same resources.

To solve this problem, Pesaran (2007) proposes augmented unit root test which
remains consistent even in the presence of sectional dependence. In this thesis,

Pesaran’s CADF/CIPS panel unit root test implemented by using STATA software.

' Hausman, J. A. (1978). Specification Tests in Econometrics. Econometrica, 46(6), 1251.
https://doi.org/10.2307/1913827
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This choice is consistent with the literature and the argument that “second-generation”

unit root tests are more appropriate.
Cointegration

If the variables used in the empirical model are all 1(1), long-run relationships need to
be controlled. Panel cointegration tests can be used to check this statement. The idea
behind this cointegration test is that if the linear combinations of 1(1) variables are
stationary, they are cointegrated. Westerlund (2007) develop some error-correction-

based panel cointegration test and focus on error-correction form.

It catches both long-run and short-run dynamics as well as dependence within and
between cross sectional units. In this thesis, Westerlund (2007) cointegration test is

applied by using STATA software.

In this thesis, the time-series properties of provincial exports and their determinants
are examined in two steps. First, panel unit root tests are applied using the pescadf
implementation of Pesaran’s (2007) cross-sectionally augmented test. The aim is to
find whether the series are 1(1) in the presence of cross-section dependence. Secondly,
learning the integration of variables, panel cointegration is tested using Westerlund
(2007) error-correction-based statistics. Establishing panel cointegration on variables

motivates the error-correction specification discussed in Section 6.1.4.

Formal definitions of the test statistics can be found in Pesaran (2007) and Westerlund
(2007).

3.1.3 Error Correction Model (ECM)

The Error Correction Model (ECM) provides an overview on how short-run dynamics
adjust when the system gets out of equilibrium. To be able to run this model, it is
needed to do be done panel unit root test and cointegration tests. If the variables have
unit root I(1) and cointegration tests shows long-run relationship then ECM can be set.
The idea comes from Engle & Granger (1987)’s insight that if I(1) variables are
cointegrated dependent variable response to past deviations from the long run

equilibrium as well as current changes.
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For non-spatial panel setting, a simple ECM equation can be written as
Ayie = a; + Gi(Vie—1 = BiXie—1) + Vidxye + p; + T + &5 (2)

where y;; denotes the dependent variable in province i at time t, x;; is a vector of
independent variables, A is the difference operator, y; and , are province and time

effects, while g;; is error term.
The term,
ECit1=Yit-1— ﬁi,xi,t—l 3)

is lagged deviation from long run equilibrium, while ¢; is called as error-correction

coefficient.

If dependent and independent variables are cointegrated EC; ., need to be stationary
and ¢, is expected to be negative as some changes upward in the long run equilibrium
occurs, there need to be some adjustment to downward. The magnitude of ¢; gives
information about adjustment speed, values close to zero means slow convergence

speed and vice a versa (Banerjee, 1999; Breitung & Pesaran, 2008).

The second term y;Ax; . gives information about short run effects of changes in the
regressors on dependent variable. With the help of y;Ax; ., ECM separates short run

effects from long run effects.

In this thesis ECM mainly serves in two ways. First, finding cointegration between
provincial export and explanatory variables and correct the long run equilibrium with
EC;,_,. Secondly, it offers a link to dynamic spatial models and help to adjust changes

on long run equilibrium.

3.2 Spatial Econometric Approach

Spatial econometrics allows users to model situations where economic outcomes are
dependent through location or and space. In other words, “what happens in province
does not stay in the province”. In more formal terms, spatial econometry deals with

spatial interaction effects and spatial heterogeneity.
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Variables examined in a location can be affected by the same characteristics or
variables of its neighbor locations and it can be systematically differ according to
location. These systematical spatial dependencies, autocorrelations and spatial
regressions are formalized and pioneered by the works Moran (1950), Cliff & Ord
(1973, 1981), Anselin (1988), LeSage (1998), LeSage & Pace (2009), P. J. Elhorst &
Vega (2013), P. J. Elhorst (2014), Tatoglu (2022) and many other studies.

In this thesis, spatial econometric methods are used to understand how provincial
exports in Tirkiye react not only to local determinants but also some determinants of
neighbor provinces. The models are created at the province level i =1, ...,81 and
period t = 2008, ...,2023.

3.2.1 Spatial Dependence and Spatial Heterogeneity

Spatial dependence can be explained as existing relationship between different
locations especially near ones. Anselin (1988) explained spatial dependence in two
ways. The first one is that the data cannot spill equally especially while collecting data
in regional or provincial levels. They might spill over boundaries. In this case, data in
different neighbors become correlated. This may cause spillover effect and
dependencies as it can be seen at Figure 3.1. The second one is that location is
important as economic activities are not dependent. If an event occurs in region 1

affects region 2.

A NN A
‘>_</—-—'"'

A/

AA

a b a b

Figure 3.2. Spatial Dependency Visualization of Neighbors

Source: The Author
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Spatial Dependence

There are three main types of spatial interaction are usually defined in the literature.
The first one is endogenous interaction effects. It means that there is a dependency in
the dependent variables of observations. The second one is exogenous interaction
effects. In other word, explanatory variables have the dependencies. The neighbor’s
explanatory variable affects city itself. The final one is interaction in the error term. It
means, there is spatial correlations, dependencies in the error terms (P. J. Elhorst,
2014).

Spatial Heterogeneity

Another important subject to mention is spatial heterogeneity which is defined as the
instability according to locations (Anselin, 1988). It is systematic differences in
endogenous variables (e.g. provincial real export) and/or exogenous variables (e.g.
share of manufacturing in provincial GDP) and/or dependency in error terms. In this
thesis, provincial fixed effects and time effects may be already captured by panel
models through y; and A, in model (1) and spatial dependencies are captured by spatial

econometric models presented in Section 3.2.4 and Section 3.2.4.4.

3.2.2 Tests for Spatial Dependencies

Before using spatial models, the common way to discover if there is a spatial
dependency or not is to use some kind of spatial dependency tests. Pioneer researchers
about dependencies are (Moran, 1948, 1950) and Geary (1954) created tests for spatial
autocorrelation based on either contiguity matrix or distance matrixes. There is also
LM test which use residuals of non-spatial fixed effect panel models. LM test also has
another purpose apart from detecting the spatial dependence, which is selecting the
efficient type of empiric model whether the model is SAR or SEM. Therefore, to show
how to deal with spatial dependency, in this section Geary I Index and Moran’s I test

is presented. LM test is presented in section 3.2.8.
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Geary | Index

_on-1 LiXjwii-y)?
Cw = )2 L
2Xixjwij  Xi(vi—¥)

(4)

H,: The differences between neighbors have no correlation.

¢,y < 1: Positive spatial correlation

In this thesis Moran’s I Test is used for spatial autocorrelation tests.

Moran’s I Index

[ —_n 2iXjwij(yVi—yV)(vj—y) -
Wiy iwi Xivi—y)? /

Q)

H,: There is no spatial correlation between neighbors.

I, > 0: Positive spatial correlation

The statistic was introduced by Moran (1950) and it becomes the standard benchmark

for calculating global spatial dependence.

Morans Diagram

Moran’s Diagram is a scatter plot divided into four quadrants and shows the

autocorrelation between locations. On the x-axis there is observations of the dependent

variable y and on the y-axis there is a lagged dependent variable Wy of neighbors. Lag

term represents the effect of neighbor’s dependent variable on observed locations

rather than representing time lags (Figure 3.3).
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Figure 3.3. Moran’s I Diagram of Exports of Provinces in Tiirkiye (Year 2024)

Source: Authors Calculations

In the diagram, upper right (high-high) and bottom left area (low-low) shows the
positive spatial correlation. On the contrary, bottom right (high-low) and upper left

(low-high) has negative correlations (Bouyad Agha et al., 2018).

In this study before the spatial model settings, the Moran’s I tests are applied to show
the spatial autocorrelation. Moreover, the same Moran’s I test are applied also after

the spatial econometric model specifications.

In line with Elhorst (2014), LM diagnostics for spatial lag and spatial error dependence
are computed using the residuals from a non-spatial fixed-effects panel model. These
tests serve a dual purpose: they provide evidence on the presence of spatial dependence
and offer preliminary guidance as to whether a SAR-type or SEM-type specification
is more appropriate.

3.2.3 Spatial Weight Matrix

Spatial interactions are represented with NxN matrixes and denoted as W representing
the weights of the locations. The size of weights is showing how much this location

affects. In the literature, W is introduced in different ways to use in spatial models
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(Anselin, 1988; P. J. Elhorst, 2014; Tatoglu, 2022). However, three different types of

matrixes are introduced in this study.

The first one is contiguity matrix. This is the binary expressions of the neighbors. It
can be seen at Figure 3.4. LeSage (1998), use Rook, Queen and Bishop expressions to
illustrate the matrixes. Define W;; = 1 if the place shares common side with neighbors.
Queen matrix also add vertex neighboring in its concept while Bishop matrix only

includes vertex neighbors in the model.

Rook Queen Bishop
0 1 0 1 1 1 1 0 1
i Bio oiE E
0 1 0 1 1 1 1 0 1

Figure 3.4. Types of Contiguity Matrices

Source: The Author

The second type of a matrix is distance matrixes. Distance between neighbors is used
to create these matrixes. As distance increases, the relation expected to decrease. To
be able to achieve this aim distances should be used in inverse form as illustrated at
Figure 3.5 (LeSage, 1998).

Distance Inverse Distance K/near (3)

5 10 15
km km km s 1o s . 1 0
5 5 <
)
m 1m

Figure 3.5. Distance and K/Near Matrices

Source: The Author

The final one is k near matrixes and it can be seen at Figure 3.5. This matrix uses either
binary or distance values in the vector. The nearest k locations are selected and added
into matrixes (P. J. Elhorst, 2014).
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Although the row transformations in inverse distance matrixes are destroying the
distance effects, they still capture the relative importance of neighboring units. As it is
applied in most of the studies in the literature (e.g. (LeSage, 1998)), all of the matrixes

are used in row standardized forms (Figure 3.6) in the study.

5 10 15 —» 5+10+15=30 5130 10/30 15/30
5 . 5 ¥ 5+5=10 = /10 . 5/10
10 20 20 —¥» 10+20+20=50 10/50 20/50 20/50

Figure 3.6. Row Standardization Procedure Illustration

Source: The Author

All of the weighted neighborhood information collected in matrixes are representing

in equation form below:
y=pWy+XB+ ¢ (6)

where y is Nx1 vector of dependent variables of provinces (N = 81), X is an NxK
matrix of explanatory variables, and Wis NxN spatial weight matrix which is either

constructed as contiguity, inverse distance or inverse distance k-near matrix.

In this thesis, for 81 Turkish provinces, K-6 near matrix and 300 km inverse distance

matrix are used to check robustness.

3.2.4 Spatial Regression Models

In the literature, as it is explained in Section 3.2.1, there are basically three different
types of spatial interactions explained by P. J. Elhorst (2014). Endogenous interactions
between endogenous dependent variables Y, interactions between exogenous
explanatory variables X and the interactions of error terms & of provinces. The studies

combine some or all of them and creates different spatial models.

The early studies started and focused on spatial lag model (Spatial Autoregressive
Model - SAR) and spatial error model (Spatial Error Model — SEM). P. J. Elhorst
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(2014) gives some historical progress of spatial models. In 2007, at the first World
Conference of the Spatial Econometrics Associations, mixture of interaction both on
endogenous variable and error terms model is promoted. This is the birth of SAC
model. After that, LeSage & Pace (2009) extended the literature by adding exogenous

interaction and endogenous interaction effect to create Spatial Durbin Model (SDM).

Later on, more studies and researches are held and some more interaction models are
created such as SLX, SAC, SARAR and SDEM. However, all of the models can be
created from General Nesting Spatial Model which is called GNS (Figure 3.7). In this
thesis only GNS, SDM, SAR and SEM models will be presented.

3.2.4.1 General Nesting Spatial Model (GNS)

The GNS Model has all the possible three interactions between endogenous variables,
exogenous variables and the error terms. It is represented in equation (4) (Manski,
1993).

Y = pWY + aiy + XB + WX6 + u, (7)
u=AWu+e¢

Where the spatial weight matrix W is NxN and shows the interaction between cross
sections. WY represent the endogenous effects of dependent variable and p (spatial
autoregressive coefficient) represent the size of the effect while X6 shows the
interaction between explanatory variables. In terms of the error interaction, Wu
capture the interactions between disturbance terms and A (spatial autocorrelation
coefficient) shows the strength of them. £ and 8 are Kx1 response parameter vectors
(P. J. Elhorst & Vega, 2013) (P. J. Elhorst, 2014).

The spatial models presented in the literature all can be derived from GNS equations

(Figure 3.7) by restricting some of the different parameters in equation (4).

The main models being used by academicians and researchers are Spatial
Autoregressive Models (SAR), Spatial Error Model (SEM), Spatial Autoregressive
Combined Model (SAC) and Spatial Durbin Model (SDM) models. SDM model
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captures both endogenous and exogenous interactions while SAC captures endogenous
and error interactions.

It can be seen at Figure 3.7 that SAR and SEM can be derived from GNS model by
restricting some variables. SAR has only endogenous interaction effect while SEM

captures only error interaction effects.

In this thesis, final version of spatial model used is SDM so only GNS, SDM, SAR
and SEM models will be explained in details.

Y=pWY+Xp+WX60+u
u=_Wu+eg

GNS

Y=pWY +XB+u Y=XLp+WXO0+u
Y=pWY +XpB+WXO+E&

u=,Wu+e u=Wu+e

SAC SDM SDEM
PL=0
A=0 =0
0=0

Y=Xp+u

Y=pWY+XB+e Y=XB+WXO+¢ e
SAR SLX SEM

p=0 0=0 2=0

Y=XpP+&
Non-Spatial Model

Figure 3.7. Spatial Models Derived from General Nested Model

Source: Yamanoglu (2022)
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3.2.4.2 Spatial Durbin Model (SDM)

General Nesting Model is already mentioned at equation (4);

Y = pWY + a1y + XS + WX6 + u, (7
u=AMWu+e

SDM is the version of GNS by restricting the 2. SDM only captures endogenous and

exogenous interaction effects between neighbors.
Y =pWY +aiy + X + WXO + u, (8)
u=Ec€

In this setting, the SDM is used to capture spatial autocorrelation by including not only
the usual regressors X but also it their spatial lags!2 WX. This allows to trace not only
explanatory variable in the location also neighbors. LeSage & Pace (2009) introduce
SDM as a model which combines internal and external spatial effects via both the

spatially lagged dependent variables and covariates.

The model is estimated using (Quasi) Maximum Likelihood (Q/ML). Following
LeSage & Pace (2009) and P. J. Elhorst (2014), this method deals with both the spatial
lag of the dependent variable and the spatial lags of the regressors to provide consistent

estimates.

3.2.4.3 Spatial Autoregressive Model (SAR)

SAR can be derived from GNS by restricting the A and 8. SAR captures endogenous
interaction effects between neighbors.

12 gpatial lag is different than temporal lag, which captures over time, the spatial lag represents a
multidirectional interaction among cross-sectional units (Anselin, 1988).
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Y =pWY +aiy +XB +u, 9)
u=e¢

SAR model captures spatial autocorrelation in the dependent variables in pale data
models. It assumes that outcome of the model, dependent variable, is not only
influenced by its own characteristics, but also it is affected by the outcomes of its
neighborhoods.

Spatial Autoregressive (SAR) models are mostly estimated by Maximum Likelihood
(ML) and Generalized Method of Moments (GMM) estimators also employed as

robust alternatives when endogeneity or non-normality of errors is a concern.

3.2.4.4 Spatial Error Model (SEM)

SEM captures only error interaction effects between neighbors. When restricting p =

6 = 0 in GNS model, we obtain model below.
Y =aiy + X +u, (10)
u=AMWu+e¢

SEM is used when spatial dependence occurs not in the dependent variable itself but
only in the disturbance term. The logic behind this model is to collect error interaction

effect of any shocks occurs in one region which transmitting to neighbors.

If spatial correlation in the errors is ignored, OLS becomes inefficient. Therefore, SEM
is often estimated by ML, but many applied studies use the GM estimator proposed by
Kelejian & Prucha (1999).

3.2.5 Spatial Panel Data Models

In section 3.2.4, the basic cross-sectional SAR, SEM and SDM specifications is
introduced. In Section 3.2.5 extends these models to a panel setting with province and
time effects. Elhorst (2014) provides an overview of spatial panel data models
especially fixed and random effect models as well as fixed coefficients, random
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coefficient and multilevel models. He recommends that researchers first decide
whether the spatial dependencies should be modelled or not and in what form.
Secondly, applied researchers need to decide whether spatial and/or time-specifics
effects should be added into the model or not and whether these should be treated as

fixed or random.

3.2.5.1 Fixed-Effects Spatial Panel Models

All of the spatial models derived from GNS can be used in fixed effects models
according the nature of data and autocorrelations. In this thesis dynamic Spatial Durbin
model with spatially correlated errors (SAC/SDM-SEM type) in error-correction form
IS used.

First of all, fixed effects notation of SDM is introduced below.
Vit = P XixjWijYVjt + Dizj WijXjt0 + X + a; + & (11)
where u;, "% N (0, 02)

In this thesis, notations i represents the Turkish province (1" to 81") and t is the time
units from 2008 to 2023. w;; is the spatial weight matrix showing the interaction
between cross-section units. Types of matrices are explained in section 3.2.3. In
addition, p Y.;;w;;y;: is the neighbor’s spatial interaction (spatial lag) on dependent
variable (export or export per capita in this case) and p is the coefficient of this
estimation procedure. Effects such as random shocks are not only affect to the
provinces, also affect the neighbors. This is called global spatial spillover. Moreover,

Xi=j Wijx;j 0 represent the interaction of exogenous independent variable and 6 is the

coefficient. As there is no error interaction, u;; = &;;.

Secondly, SAR in fixed effect models is presented.
Vit = P Di=j Wij¥Vje + X + a; + Uy (12)

where u; "% (0, 02)
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The same with SDM, p ¥, ; w;;yj. captures the spatial interaction of neighbors on

dependent variable and p is the coefficient of this estimation procedure.
The third one is SEM model in fixed effects.
Yie = XieS + a; + Uy (13)
Ue = A e j Wijlje + &
where u;, "% (0, 02)

The spatial interaction in SEM model is captured through A }.;.. ; w;;u;, term. The one

and only interaction is captured by error term (Bouyad Agha et al., 2018).

The spatial regression models introduced in Section 3.2.4 are usually presented for a
cross-section data. However, in this thesis, dependent variable export or export per
capita are observed for 81 provinces between 2008 and 2023. The data is in panel
format with time and units. Spatial panel data models extend the standard SDM, SAR
and SEM models over time while capturing dependence across neighbor provinces
with the help of different weight matrices(P. J. Elhorst, 2014).

3.2.5.2 Random-Effects Spatial Panel Models

In this spatial random effect models, unobserved individual effects considered as no
correlation with independent variables in the RE model. They can either be captured
in error terms or constant terms according to the literature. The SAR model has the
same structure as fixed effect SAR model except that the unit effect considered as
random (Bouyad Agha et al., 2018):

Vit = P XizjWij¥Vjr T XieB + a + uy (14)
U =a +&;
where &;; "% (0, 02)

There are two recommendations for SEM random effect model. The first one is the

spatial effect is included only for time error term.
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Yit = XitP + Uit (15)
Uir = & + A Nje j Wijlje + Vi
where v;, "4 (0, 02)

Second one claims that spatial interaction structure affect both the individual effects

and error term.
Yie = Xief + a +uy (16)
Upe = & + A X0 WijUje + vyt
Vie = a; + &t

where g, " N (0, 02)

3.2.5.3 Dynamic Spatial Durbin Panel Model

A spatial dynamic model needs to take into consideration to four critical econometric
challenges which are temporal autocorrelation within spatial units, spatial dependence
between spatial units at each time unit, unobserved spatial and temporal heterogeneity
and the last one is potential endogeneity because of explanatory variables (P. J. Elhorst,
2014).

In his book P. J. Elhorst (2014), presents the generalized dynamic model in space and
time and he explains that generalized model has some empirical problems. However,
it is easy to see from macro perspective so that it is presented below. In this thesis, the

dynamic nesting model is called General Nesting Dynamic Spatial Model (GNDSM).
Yi = aVeq + YWY, + SWYq + X1 + WX By + Xe_1fs + WXe_1Ba + Zen + v, (17)
Ve =001+ Awv, +pu+ iy + &
p=pWu+y

Y; is Nx1 vector representing the dependent variable of spatial units (i = 1,2,3 ....N),
withinatime unitof t = 1,2, ..., t. X; (NxK matrix) denotes the explanatory variables

and Z; is NxL matrix existing with endogenous explanatory variables. While W
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denotes weight matrix and the t — 1 represent the serial lagged value. «, y and § are
response parameters of temporal lagged dependent variable Y;_,, spatially lagged
dependent variable WY, and temporal and spatial lagged dependent variable of WY,_;.
On the other hand, the same story follows with exogenous explanatory variable X;.
The coefficients of B,,B,,8; and B, are the coefficient of exogenous explanatory
variable, spatially lagged exogenous explanatory variable, temporal lagged exogenous
variable and both temporal and spatial lagged exogenous explanatory variable while n
is the coefficient of endogenous explanatory variable of Z,. u contains all spatial and
time-invariant happening to avoid from biased estimation. In this thesis, dynamic
spatial effects are reported by using dyn-SDM model which can be created by using
GNDSM.

3.2.6 Model Estimation

There are couple of estimation strategies have been created by academicians and
researchers to have robust and consistent results for spatial panel data models. There
are three well known and accepted estimation model in the literature: (quasi) maximum
likelihood (QML or ML), instrumental-variables and generalized method of moments
(IVIGMM), and the final one is Bayesian Markov chain Monte Carlo (MCMC)
methods. In empirical studies with spatial panel data analysis, the first two estimation
methods dominate (P. J. Elhorst, 2014). One of the main popular characteristics of
QML and GMM estimators is that they do not have normality assumptions on
disturbance terms. Therefore, the first two method are presented below and QLM is

used for estimation method in this thesis.
IV/GMM Estimators

IV/IGMM estimators can be except as the extension of the instrumental-variables and
GMM tradition of Arellano—Bond type estimators to spatial panels. (Kelejian &
Prucha, 1998, 1999) proposed generalized moments procedures for SAR and SEM-

type models, and GMM estimators for spatial dynamic panels are developed later on.

When IV/GMM estimators are compared with conventional ML, their main advantage

is that they are based on weaker distributional assumptions about the disturbance term.
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Moreover, they can accommodate heteroskedasticity. In addition, they allow
researchers to deal with endogenous regressors by using instruments. However,
IV/IGMM estimators also have some disadvantages such as weak-instrument problems,
non-automatically constrained spatial parameters, and their finite-sample

performance.
ML and QML estimators

Early spatial econometric models were estimated by ML which is built by Ord (1975).
After, LeSage & Pace (2009) used ML and make it more suitable for spatial
estimations. ML estimators are popular in spatial panel literature because it is efficient
and provide strong consistent results. However, there are problems with ML estimation
of spatial panel models when T is moderate. It estimates all the time and unit dummies
together with spatial parameters and with moderate T it may result biased estimations.
Lee & Yu (2010) solve this problem and add transformation-based QML estimators.
It eliminates individual or time effects while keeping spatial structure of the model. It
works even in dynamic specifications with lagged dependent variable under the
regularity conditions. P. J. Elhorst (2014), use QML estimator and develop studies

with it and recommend to use QML with dynamic spatial models as well as static ones.

In this thesis, SAR, SEM and SDM frameworks are discussed as alternative spatial
specifications. However, empirically, the analysis focuses on SARAR/SDM type of
dynamic spatial error-correction model. The models are estimated with province and
time effects by QML.

3.2.7 Direct and Indirect Effects (Spillover Effect)

OLS model does not allow for spillover effects since it assume that outcomes for
different units are independent of each other. Although SEM model considers spatial
correlation do not provide any spillover effects. However, SDM and SAR can
introduce spillover effects (P. J. Elhorst & Vega, 2013). SAR model,

Y=pWY +aiy+XB+u 9)

can be reduced to
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Y=0-pW)taiy+ (1 —pW)IXB+ (1 — pW) ¢ (18)
When partial derivatives of E(Y) with respect to x, taken,

[BE(Y) AE(Y)
dx1k  Oxnk

=1 —pW) By (19)

The direct effects can be obtained by diagonal elements of the matrix while spillover
effects can be seen from the off-diagonal element. The effects are presented on Table
3.1

Table 3.1 Direct and Spillover Effects of Spatial Models

Direct Effect Spillover Effect
OLS/SEMS B 0
SAR/SAC Diagonal elements of (1 — Off-diagonal elements of
pW) ™' By (1= pW)™* By
SLX/SDEM By 0y
SDM/GNS Diagonal elements of (1 — Off-diagonal elements of

PW) T [P + W] (1= pW) ™ [By + W]
Source: (P. J. Elhorst & Vega, 2013)

The SDM model has both endogenous and exogenous variable and spatial effects

except spatial error term. SDM and its reduced form is presented below.
Y =pWY +aiy+XB+WX0 + u, (7)
Y=>0—-pW) lary + (1 —pW) XL +WX0)+ (1 —pW) e  (20)
When partial derivatives of E(Y) with respect to x;y taken,

[M_ M] = (1= pW)~IBy + W] (21)

axlk . axNk

The direct effects can be obtained by diagonal elements of the matrix while spillover
effects can be seen from the off-diagonal element. The effects are presented on Table
3.1. (P. J. Elhorst & Vega, 2013))
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3.2.8 Model Selection and Spatial Diagnostics

Findings about unit roots, cointegration and cross-sectional dependence are reported
in Chapter 6. At this moment, while considering the pre findings, main model should
be chosen. To be able to do this the procedures planned in three steps. The first one is
deciding whether non-spatial panel model is sufficient or need extension to the spatial
panel models. The second one that under the choice of using spatial panel model which
specifications (e.g. SDM, SAR and SEM) should be used. The third one is fixed or

random effect sufficient for the provincial panel.

The first step starts from non-spatial fixed-effect panel regression of provincial exports
on its determinants. Residuals of conventional FE panel model are tested for spatial
dependencies by using Moran’s I and LM tests. Significant test statistics shows that

spatial panel structure is needed.

Second step starts with a question. Which spatial model should be used? In the
literature (LeSage & Pace, 2009) and (J. P. Elhorst, 2003; P. J. Elhorst, 2014; P. J.
Elhorst & Vega, 2013) are suggesting to estimate SDM model as a first step. SDM has

spatially lagged dependent as well as spatially lagged independent variable.

After setting SDM model (8), there are some tests applying on SDM by restricting
some coefficients to test whether SDM or SAR/SEM model should be used by

imposing
y=pWY +aiy+XB+WXO0 + u, (8)
u==e&

6 = 0 clear the spatial lags of regressors from the model and obtain SAR model, while
6 = —pp collapses the SDM to a SEM model.

In this thesis, SDM is the starting point. After that, Wald-type test is applied and decide
whether SDM or SEM/SAR.

The third step of model selection concerns the unobserved heterogeneity, FE or RE.
The provincial data, it is understandable to allow unit and time specific effects which

captures unobservable characteristics like geography or national shocks. Both FE and
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RE can be applied in STATA software. Hausman test is used to compare and choose
between FE and RE models.

Hausman test basically test the zero correlation between random effects and
explanatory variables. As, SDM has spatially lagged dependent variable the coefficient
of lagged variable is also included the test calculations (P. J. Elhorst, 2014).

Exports are persistent over time and Section 3.2.5 motivates the use of dynamic spatial
SDM as well as cointegration findings. The diagnostic reports and comparison results

is presented in Chapter 6.

3.3 Estimation Strategy, Endogeneity and Robustness

This section briefly presents the estimation strategy of the thesis. The solutions to
potential endogeneity, dynamics and cross-sectional dependence are explained. The
baseline specification of this study is a dynamic spatial model with province and time
fixed effects. The model is estimated by QML.

Dynamic spatial error correction model of SDM/SARAR includes a lagged export
variable and it captures feedback from past exports to current regressors. Key variables
such as provincial credit and income enter in smoothed form. As robustness checks,
factor-augmented non-spatial panel models are estimated using the DCCE estimator
to capture unobserved common shocks. Detailed test results and robustness estimates

are reported in Chapter 6.
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CHAPTER 4

EXPORT LANDSCAPE OF TURKIYE - A BRIEF OVERVIEW

This chapter provides a global and regional macro frame about foreign trade especially
export. In the first part, the size of the economies, export and import volumes are
introduced to understand what is the size of the market. Then, GDP and export
structure is mentioned from Tiirkiye’s perspective. To understand the differences

between the provinces, province level examination is presented.
Global GDP and Trade

Most part of world production and trade are still made by big economies. In 2024,
global GDP realization is estimated at USD 110.4 trillion, while good exports realized
as USD 24.9 trillion (UNCTAD, 2025a, 2025b). Figure 4.1 shows how much GDP is
produced by top global countries.

GDP Volumes of the World's Leading Economies (2024)
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Figure 4.1. GDP of the World's Leading Economies in 2024

Source: Created by Author, (UNCTAD, 2025a)
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It is obviously seen that the economies of United States, China, and Japan much bigger
than other economies. It might be the result of population of course. The correlation

can be seen at Figure 4.4. and Figure 4.3.
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Figure 4.2. World Population, 2008-2024 (in billions)

Source: Created by Author, (UNCTAD, 2024)
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Figure 4.3. Population of World’s Top Economies in 2024 (in billions)

Source: Created by Author, (UNCTAD, 2024)
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Global Export and Import

Figure 4.5 shows that world trade has grown rapidly betwwen 2008-2024. There was
three main drops in global trade can be seen from the Figure 3.5. They are the well-
known global shocks. In 2009, world trade falls from about 16.5 to 12.8 trillion USD.
This drop was the after effect of collapse in demand and trade finance during the global
financial crisis. Around 2015-2016, volumes dropped again to roughly 16 trillion USD
again. This was the outcomes of the oil and commodity price depressions, China’s
slowdown. In 2020, because of the pandemics trade volumes dcreased again to about
17.9 trillion USD. In 2021, trade volumes sharply increased. The global economy has
strong capacity for recovery and it can be seen the recovery starting from 2011 at the
Figure 4.4.
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Figure 4.4. Global Export and Import Volumes (US$ at current prices in trillion)

Source: Created by Author, UNCTAD (2025b)

When we look at world merchandise export volumes at Figure 4.5, China is the leadear
of 2024 with $3.58 trillion (14.6% of world exports), followed by the United States at
$2.07 trillion (8.4%), Germany at $1.68 trillion (6.9%), and the Netherlands at $0.92
trillion (3.8%). Tirkiye places 30th, with exports of about $262 billion and a 1.07%
global share (UNCTAD, 2025b).
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World Merchandise Exports in 2024
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Figure 4.5. World Merchandise Exports, Top Economies (2024)
Source: Created by Author, UNCTAD (2025b)

Tiirkiye in the global picture - Macro snapshot.

Tirkiye is a mid-sized, manufacturing-oriented economy with 85,7 million population
(TURKSTAT, 2025a). Tiirkiye has 1,3 trillion US Dollar GDP (at constant prices at
2015) in 2024 (UNCTAD, 2025a). The location of Tiirkiye has a strategic advantage

as being a corridor between Europe’s single market and Asia. To be able to understand

the result of the spatial analysis the district (il) map (81 provinces) administrative

geography underlying our provincial analysis can be seen in Figure 4.6.

[] Boundaries

Figure 4.6. Boundaries of the Turkish Provinces
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Source: Created by Author, Ministry of National Defense (2025)

The merchandise export volume in current prices in USD and the global share of
Tiirkiye can be seen at Figure 4.7. From 2008 to 2024, Tiirkiye’s exports rose from
132 billion to 261 billion US $, while the world total moved from 16,2 trillion to 24,5
trillion US $ (UNCTAD, 2025b). The global share of Tiirkiye increased slightly from
0,8% to 1,1%. It means that Tiirkiye higher its share in global context while increasing
the export volume. It might be explained in couple of ways such as deepening

manufacturing corridos.

Export Volume and Share of Tiirkiye in Global
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Figure 4.7. Export Value and Global Share of Tiirkiye (%) (2008-2024)
Source: Created by Author, UNCTAD (2025b)

Spatial export change in Tiirkiye’s provinces

Export of Tiirkiye increased from 2008 and 2024. However, which city has higher
contribution to the total export and is there any spatial dependencies or effects between
cities has still no answer. It can be seen from the Figure 4.8 that large urban—industrial
hubs has unequal share compairing other cities in 2008. And as it can be seen at Figure
4.9, the large economies has some spillovers to their neighbors. Moreover, some low

expor ranked cities in 2008 increased their share faster than the large cities. There are
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2 question come to minds. The first one is that is there real spillover effect between
cities. The other one is that is the difference between cities converging or not?

[ ]99-114 []14-145 [l145-174 [ 174-193 R 193-217 [ 21.7-26

Figure 4.8. Provincial Real Exports (In USD), 2008

Source: Created by Author, The Author using the data obtained from TURKSTAT
(2025b)
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Figure 4.9. Provincial Real Exports (In USD), 2023

Source: Created by Author, TURKSTAT (2025b)
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c-convergence (levels and per capita)

Sigma convergence® of In real export Figure 4.10 and In real export per capita Figure
4.11 falls between 2008 and 2023, but with small cycles. For In real exports (levels),
coefficient of variation declines from 0.137 (2008) to 0.114 (2024). 1t means of 0.023
log-points decreasement (—16.8%).

When we come to for In real exports per capita, coefficient of variation declines from
0.351 (2008) to 0.258 (2024). This measn of decreasement of 0.093 log-points
(—26.5%)

In short, both In export and In export capita have c-convergence but it is stronger in
per-capita terms.

c-Convergence in In Real Exports
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Figure 4.10. c-Convergence in In Real Exports (Levels), 2008-2023

Source: Created by Author, TURKSTAT (2025b)

13 Sigma convergence means the convergence in a specific variable (such as exports per capita) among
a group of economies (like provinces) over time (Barro & Sala-i-Martin, 1992, 2004).
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o-Convergence in In Real Exports per Capita
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Figure 4.11. o-Convergence in In Real Exports per Capita, 2008-2024
Source: Created by Author, TURKSTAT (2025b)

Chapter 5 explains the variables which are used to explain spatial dependences of
variables on exports of provinces and the spatial weight matrices. Chapter 3 and
Chapter 6 presents the direct (own) and indirect (neighbour) effects and tests whether

spillovers.
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CHAPTER 5

DATA AND DESCRIPTIVE ANALYSIS

This chapter provide information about the provincial dataset used in this thesis.
Firstly, general overview of data, data sources and period is presented. Then, the unit
transformation of data is explained for every data used in the study. After explaining
the economic data, spatial data (e.g. weight matrices) used in the spatial panel models
is introduced. How the spatial data is collected and used explained. Finally, as set of
descriptive statistics, graphics and maps is presented to explain how economic data

spatially and graphically distributed. Preliminary tests are applied in Chapter 6.

5.1 Data Sources, Time Coverage, and Sample Design

The empirical analysis is based on an annual provincial panel dataset covering all 81
NUTS-3 provinces of Tiirkiye over the period 2008—2023. Data is collected for each
province over each year and this means that the data is balanced. The period of the

study is chosen between 2008-2023 because of data availability.

The core and dependent variable of this study is provincial export volume by origin of
company (EXP). The data obtain from the database of Turkish Statistical Institute
(TUIK, extracted in 2025) in current US dollars. To be able to compare all of the
variables nominal values are converted to real terms (2024 US dollars) by using the
US annual average consumer price index. Then the data transformed into natural

logarithms form. The same process is applied for provincial import value (IMP).

Provincial manufacturing activity is captured by manufacturing value added (MGDP).
The data is also obtained from TUIK (2025). As the data is reported in current Turkish
lira, it is converted into US dollars by using the Central Bank of the Republic of
Tiirkiye’s annual average exchange rate. Later, the data is deflated to 2024 US dollars
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with the US CPI. To be able to have more stable data, the data is transformed into
logarithm form. A similar transformation is applied to provincial credit volumes
(CRDT). CREDIT is the cash loans provided to market. The data obtained from the
Banking Regulation and Supervision Agency (BDDK, obtained in 2025). These
variables are used for proxy for the industrial structure and access to finance at

provincial level.

To be able to capture common global shocks, external cost and supply/demand
conditions that are common across provinces the dataset includes the international
crude oil price (POIL), expressed as the log of the annual average price of a barrel of
crude oil in real 2024 US dollars. The series is taken from the U.S. Energy Information
Administration (EIA, 2025 extraction) in nominal US Dollar form and transformed

into real prices by using US CPI index.

Human capital and innovation are represented by the ratio of women to men in higher
education (GEN) and the number of patents granted in each province (PAT). The
education ratio is calculated by data obtained from TUIK while granted patent counts
are taken from the Turkish Patent and Trademark Office (TURKPATENT, 2025
extraction). Patent numbers are converted into log(1+num) form of logarithms to

reduce while the education ratio is used in level form.

Demographic pressure and market potential within provinces are approximated by
population density (POPD). The data is computed as the number of populations per
square kilometer using TUIK population dataset and provincial land areas information
obtained from Directorate General for Mapping (HGM, 2025). It is also expressed in

logarithms.

Connectivity and physical infrastructure are captured by two additional variables. The
first one is the log of international air passengers (PSGR) flied from airports located
in each province. The data is sourced from the General Directorate of State Airports
Authority (DHMI, 2025). The second one is the log of total asphalt road length
(ROAD). It is defined as the sum of state, provincial and motorway asphalt roads
within the province. The data obtained from the General Directorate of Highways
(KGM, 2025).
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Overall, the dataset provides province-by-year balanced panel data. Also, all monetary
variables are expressed in real 2024 US dollars while most variables are used in natural
logarithms where it is applicable. More detailed definitions, transformations and

expected signs of each variable are reported in Section 5.2.

5.2 Baseline Variables and Transformations

This section shows all the variables used in empirical analysis except spatial ones
which is introduced in section 5.3. All series are used as an annual panel in 81
provinces over 2008-2023. Monetary variables are transformed from TL to US dollars,
If necessary, by using the official average USD/TL exchange rate. Afterwards, the data
is transformed into the logarithm of real 2024 US dollars by deflating by using the US
CPI.

In the literature survey, variables that are used to explain provincial export are grouped
into five broad blocks in Chapter 2. These are (i) economic size and industrial
structure, (ii) institutional and policy environment, (iii) human capital, knowledge and
innovation, (iv) infrastructure, accessibility and connectivity, and (v) external, market

and trade linkages. The groups and variables are presented in Table 5.1.

Table 5.1 Variable Definitions and Data Sources

Variable Description Unit / Scale Transformation| Source
Economic Size and Industrial Structure
EXP Provincial exports real 2024 USD In() TUIK
MGDP Provincial real 2024 USD In() TUIK
manufacturing GDP
IMP Provincial imports real 2024 USD In() TUIK
Institutional and Policy Environment
crRpT | Provincial bank credit | ooy 5024 ysp In() BDDK
stock
External, Market and Trade Linkages
POIL International crude oil avg. real 2024 In0 us.
price USD per barrel EIA
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Table 5.1 (continued)

Human Capital, Knowledge and Innovation

) ) Population/area .
POPD Population density persons per km? TUIK

In()

Female-to-male higher- ] .
GEN ) ) ratio none TUIK
education ratio

o annual patent TURK
PAT Provincial patent grants In()
count PATENT

Infrastructure, Accessibility and Connectivity

annual num. of

PSGR International air In() DHMI
passengers passengers
ROAD | Total asphalt road length kilometers In() KGM

5.3 Spatial Data and Distance Structures

The spatial dimension of the analysis is consisting of the 81 NUTS-3 provinces of
Tiirkiye. Each province is treated as a spatial unit and spatial interaction is modelled
through weight matrices. In weight matrices, provinces are considered as
“neighbours”. The matrices are purely geographical and they are constructed from
provincial boundaries. In addition, they do not depend on any economic variables
which helps to avoid endogeneity concerns in the spatial structure itself.

Geographical information on provincial boundaries and centroids is taken from the
website of Directorate General for Mapping and processed using one of the
geographical information system software, QGIS. In software, by using the centroids
of the province’s geometries, an 81x81 contiguity and distance matrices are computed.
This contiguity and distance information, together with polygon data is then used to
build several alternative spatial weight matrices that reflect different notions of

proximity.

First, the analysis uses k-nearest-neighbour (k-NN) matrices with k=6. In these
matrices, each province is connected to its k geographically closest neighbours
regardless of whether they share an administrative border. This construction
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emphasises connectivity rather than contiguity and ensures that even geographically

peripheral provinces have a minimum number of links.

Second, distance-band matrix is obtained by combining the centroid distance
information with 300-kilometer cut-off. For each cut-off, provinces whose centroids
lie within the specified distance are linked, with raw weights based on inverse distance

(1/dij) and zero weights for pairs beyond the cut-off.

All spatial weight matrices are row-standardised so that each row sums to one and the
elements can be interpreted as relative weights assigned to neighbouring provinces.
The diagonal is kept at zero in all cases as province cannot be a neighbor itself. The
matrices are time-invariant over 2008-2023, reflecting the fact that provincial
boundaries and physical geography do not change within the sample period.

5.4 Descriptive Statistics and Stylized Facts

This section provides summary information about the data used in this thesis. The aim
is not Rather than estimating model or explaining the dependent variable, this section

gives some general information about dependent variable of export and its covariates.

The summary statistics confirm that provincial exports are highly heterogeneous. The
mean of log real exports masks a very wide range: the gap between the lowest and
highest exporting provinces is several orders of magnitude in level terms, reflecting
the dominance of a small number of large industrial and coastal provinces. A similar
pattern holds for manufacturing GDP, imports and bank credit, where the upper tail is
driven by major metropolitan areas, while many inland provinces operate at much

smaller scales.

Table 5.2 shows that real provincial exports in log form (EXP) are highly heterogenous
with a mean of about 19.1 and values ranging from 0 to 25.6. There some years that
are not engage any export activities cause the zeros. While calculating the natural

logarithm, In(1+In) formulation is applied.

A similar pattern holds for manufacturing GDP, imports and bank credit, where the

upper tail is consisting of major metropolitan areas while many inland provinces
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operate much smaller scales. Manufacturing GDP (MGDP) and imports (IMP) have
similar average levels (around 20.1 and 18.6), but imports are more dispersed (min 0,
max 26.1).

Summary statistics

Table 5.2 Summary Statistics

mean sd min max

EXP 19.06614 2.570684 0 25.61573
MGDP 20.10028 1.804466 15.53495 24.78793
IMP 18.63013 2.950048 0 26.0885
CRDT 21.3714 1.322061 18.24498 26.48449
POIL 4.560427 3436975 3.929077 5.04465
GEN .701228 1458778 .2572099 1.033115
PAT 1.300203 1.43566 0 7.372118
POPD 4.258465 .8508406 2.314112 7.976942
PSGR 4.507388 5.398215 0 18.16737
ROAD 6.516359 .544196 4.804021 8.016648
N 1296

Bank credit (CRDT) is relatively high and even across provinces (mean 21.4, s.d 1.3),
while the crude oil price (POIL), a common external factor, fluctuates only within a
narrow band (mean 4.56). On the other hand, human-capital and innovation variables
display strong heterogeneity. The female-to-male higher-education ratio (GEN)
averages 0.70 (standard deviation, 0.15) and patent grants (PAT) range from 0 to 7.37.
Finally, population density (POPD) and especially international passengers (PSGR,
min 0, max 18.2) reveal a sharp metropolitan-peripheral divide, whereas road length
(ROAD) is much less dispersed (mean 6.52).

Spatial Distribution of Variables

The graduated maps for 2008 and 2023 shows a clear spatial diffusion of economic
activity over time. In 2008, it can be seen that exports (EXP) are concentrated in the
Marmara region, Ankara, Izmir and a few specialized centers such as Denizli. On the
other hand, in 2023, the map shows that high-export provinces have visibly multiplied
and the darkest classes are clustered with neighbors. A similar pattern appears for

imports (IMP) as well.
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Figure 5.1. Choropleth Maps of Export and Import in Tiirkiye (2008-2023)
For MGDP, CREDIT and POPD, economic mass, financial depth, population density

and transport infrastructure are again strongest around Istanbul, Ankara and Izmir in

2008 and clustering by 2023.
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Figure 5.2. Choropleth Maps of MGDP, CRDT and POPD
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ROAD, has the same pattern with MGDP, CRDT and POPD. However, it is not strong
in Istanbul, Ankara and Izmir like others. Road density seems evenly distributed when

it is compared with other variables.
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Figure 5.3. Choropleth Maps of Road Density in Tiirkiye (2008-2023)

Patent values (PAT) are close to zero in many provinces in 2008. However, patent
activity becomes more widespread over time concentrating in provinces with strong
manufacturing and export. On the other hand, maps illustrates that high educated
women ratio (GEN) increase across almost all provinces. Finally, passenger numbers
(PSGR) become more evenly distributed as new airports and routes open.
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Figure 5.4. Choropleth Maps of WEDU, PAT and PSGR
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Overall, 1t seems that EXP, IMP, MGDP, CREDIT, POPD and PSGR appear to follow
a broadly similar spatial pattern, with initial cores around major metropolitan areas
and gradual diffusion towards their hinterlands.

Correlation Structure of Variables

The cross-section plots (year 2023) confirm the patterns between variables and export
visually (Figure 5.5). Log exports are tightly and positively related to log MGDP, log
IMP and log CRDT. They follow linear upward clouds, while the relationship with
POIL is flat because of being time series data rather than panel data. GEN and PAT
also show clear positive slopes. It can be referred that provinces with a higher female-
to-male higher-education ratio and more patent grants tend to have higher export levels
for now. Similarly, POPD and PSGR display monotonic positive associations with
exports. There is some dispersion on scatter plot of ROAD. Overall, the scatter plots
provide some correlation evidence that economic size, imports, finance, human
capital, innovation and connectivity are all empirically may be linked to provincial

export performance.

Log exports vs. key covariates, 2023

o . < ® Q o o

X o ° . o M o w e

w o Y ~N ° N

L 51 . 31 ok

_Jo L ] o L J o L ]

16 18 20 22 24 10 15 20 25 18 20 22 24 26

Log MGDP Log IMP Log CRDT

0 7o) ° 7o)

o N N ° N o0

0 | ® ° .8 v '

S ° = ° S le

3.4418274 5.441827 5 6 7 8 9 1 0 2 4 6 8
Log POIL GEN (ratio) Log PAT

Log EXP
10 15 20 25
[ ]

‘o!
- ®
e
10 1520 25
0 CEEEED
o
[ ]
°* %
eo®
®
10 15 20 25
(]
%
L ]

S

4 6 8 s 10 15 20 6 7 8
Log POPD Log PSGR Log ROAD

N
o
w4

Figure 5.5. Pairwise Scatter Plots of Key Variable
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CHAPTER 6

EMPIRICAL RESULTS

The previous chapters presented the literature, data and methodology. This chapter
finally do the work and show how and why provincial exports in Tiirkiye move the
way they do. The empirical analysis starts from documenting basic spatial and time-
series patterns in exports and key covariates. Later, it moves to panel unit root and
cointegration analysis, where cross-sectionally augmented error-correction models are
used. The is to find whether there is a long-run relationships between exports and
macro-financial, education-innovation and connectivity blocks. To achieve that non-
spatial benchmark models are estimated and their residuals are checked for spatial
dependence. Later on, the spatial error-correction models and explores are introduced.
The question, how export shocks and provincial characteristics spill over across
neighboring regions is answered with the help of the empirical analysis.

6.1 Preliminary Tests: Dependence, Stationarity and Cointegration

Before beginning to the model estimations and results, this section presents some
preliminary diagnostic tests and their results. The aims of this section are to check the
cross-sectional dependence, control the stationary condition and check if there is a
long-run relationship that justifies an error-correction representation. The tests are
flows the methodology presented in Section 6.1.2- 6.1.3 and provide empirical basis

for the ECM terms and dynamic spatial specifications used later in the chapter.

6.1.1 Cross-Sectional Dependence (CD) Tests

For the period 2008-2023, cross-sectional dependence is examined using Pesaran’s

(2004) CD test for all main variables for 81 provinces and it can be seen at Table 6.1.
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The results show that there is strong and highly significant dependence. All variables
have very large CD statistics with p-values equal to 0.000.

Although, an average pairwise correlations are not very high for economic size and
industrial structure variables (around 0.19-0.49), it becomes very high for other
variables (0.5-1.0).

Table 6.1 Cross-sectional Dependence Test Results for Main Variables

Variable CD-test p-value corr abs(corr)
Economic Size and Industrial Structure

EXP 60.020 0.000 0.264 0.449
MGDP 110.380 0.000 0.485 0.533
IMP 44.240 0.000 0.194 0.336
Institutional and Policy Environment

CRDT 202.220 0.000 0.888 0.888
External, Market and Trade Linkages

POIL 227.680 0.000 1.000 1.000
Human Capital, Knowledge and Innovation

POPD 120.940 0.000 0.531 0.805
GEN 221.560 0.000 0.973 0.973
PAT : :

Infrastructure, Accessibility and Connectivity

PSGR : : : :
ROAD 52.080 0.000 0.229 0.561

In addition, infrastructure, accessibility and connectivity variables such as asphalt road
length is also significant but relatively lower dependence, CD statistics around 52 and
average correlations near 0.23. Finally, patent and international air passenger variables
(PAT and PSGR) is not reported due to missing observations for the nature of the

variables as most of the provinces do not have airport or granted patents.

Overall, the CD test statistics clearly shows cross-sectional dependence in this panel
series. This means that dependencies between provinces should take into
considerations while creating econometric models and it should allow common shocks

and spatial or economic linkages across provinces.
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6.1.2 Panel Unit Root Tests

Pesaran’s CADF/CIPS panel unit root tests are applied to check whether the data are
stationary or non-stationary. The test is applied for the variables of the study over
2008-2023 period. The result shows that unit root cannot be rejected for log of exports
and for most provincial fundamentals (CRDT, GEN, MGDP, PAT, POIL, POPD,
PSGR, ROAD) except imports (IMP).

Table 6.2 Pesaran (2007) Unit Root Test Results for Main Variables

Variable Lags Stationarity (5% level)
EXP 1 Non-stationary
MGDP 1 Non-stationary
IMP 1 Stationary
CRDT 1 Non-stationary
POIL* 1 Non-stationary
POPD 1 Non-stationary
GEN 1 Non-stationary
PAT 1 Non-stationary
PSGR 1 Non-stationary
ROAD 1 Non-stationary

*Dickey Fuller Test is used for the data

The second test is applied to be able to understand that whether the non-stationary data
are showing 1(0) properties when their first differences estimated. The result is
presented in Table 6.3.

For AEXP and almost all differenced covariates (AMGDP, AIMP, ACRDT, APOPD,
AGEN, APAT, AROAD), the unit-root null is strongly rejected with second test. It

means that most variables behave as 1(1) element in models.

Table 6.3 Pesaran (2007) Unit Root Test Results for First Differenced Variables

Variable Lags Stationarity (5% level)
AEXP 1 Stationary
AMGDP 1 Stationary
AIMP 1 Stationary
ACRDT 1 Stationary
APOIL * 1 Stationary
APOPD 1 Stationary
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Table 6.3 (continued)

AGEN 1 Stationary
APAT 1 Stationary
APSGR 1 Stationary
AROAD 1 Stationary

*Dickey Fuller Test is used for the data

In the empirical work that follows, exports and the explanatory variables are 1(1) form.
It means they can enter the error-correction models in levels and in first differences
However, IMP may be used as persistent control variables rather than focus

explanatory variable by means of the long-run relationships.

6.1.3 Treatment of Non-stationary Variables

The unit root results showed that most variables have 1(1) characteristic while IMP is
looking like stationary in levels. In line with the econometric framework presented in
Section 6.1.2, exports and their potential explanatory variables can be estimated in first
differences. This estimation gives us long-run information through an error-correction

term.

For each variable block (macro-financial, education-innovation and connectivity)
panel ECM is firstly estimated. In this estimation procedures, export and its
explanatories enter into model in long-run part. At the same time, they join the model
in the short-run part as well. When the cointegration occurs, this procedure gives as an
error correction term which measures the deviation of exports from its long-run

equilibrium with its explanatories.

In the regressions, AEXP (difference) is used as the dependent variable, the regressors
enter the equations also mainly in their first differences. In the equations lagged error-
correction term is also included as an additional regressor. The aim to include error
correction term is to capture the speed of coming back to the long-run equilibrium.
Variable which is stationary such as IMP are allowed to enter both the long-run relation

and the short-run dynamics without differencing.
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There are two variables either affect globally or affected by global. The international
crude oil price (POIL) is a purely time-varying macro variable common to all
provinces and it has global conditions. Also, international passengers (PSGR) are
strongly may be affected by national and global shocks. For these variables, the reason
by adding them into models is not identifying a cointegrating vector with provincial
exports. The aim is to control the deviations from global demand and cost conditions.

Overall, this treatment of non-stationarity ensures that the models in Sections 6.2 and
6.3 respect the I(1) nature of the data, avoid spurious regression problems. By
capturing global shocks and avoiding spurious regressions, they allow the dynamic
spatial specifications to be interpreted truly while describing short-run adjustments

around a cointegrated long-run relationship.

6.1.4 Panel Cointegration Tests

Almost all of the variable have 1(1) structure and have cross-sectional dependencies.
Long run equilibrium can be applied by cross-sectionally augmented error-correction
model (CS-ECM). It is estimated dynamic common correlated effects estimator. The
models are set in three different way and in each specification, provincial export
growth lagged level of export and set of explanatory variables are both used in ECM

model. Cross section averages which enter the model proxy the common shocks.
AEXPy = a; + @;(EXPy_y — BiXir—1) + VidXie + 8{Z; + uye (22)

where X;, denotes long-run regressors, Z, are cross-section’s averages that proxy for

unobserved common factors. ¢; is the speed-of-adjustment parameter.

Three different CS-ECM models are estimated according to the literature survey
presented in Chapter 2. The first estimation is made with macro-financial variable such
as manufacturing value added (MGDP), imports (IMP) and cash credits (CRDT). The
second model, education and innovation block, is estimated by using, higher educated
women population ratio (GEN), granted patent numbers (PAT) and population density

(POPD). And final block is infrastructure and connectivity, called connectivity in short
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form. Asphalt road length, international air passenger number and population density

enters into this model

Table 6.4 summarizes the main cointegration diagnostics from the CS-ECM
estimations. For each of the three blocks, the adjustment coefficient on the lagged
error-correction term is negative and significant. It provides us strong evidence of a
stable long-run relationship between provincial exports and explanatory variables. All
of three model has significant mean adjustment coefficient terms and the coefficients
are about -1.08 for the macro—finance block, -1.10 for the education and innovation
block and -0.59 for the connectivity block. These values imply very rapid error-
correction. It means if there is some deviation from the long-run equilibrium it is
adjusted within one year. The within-R-squared of the CS-ECMs ranges between 0.08
and 0.28. The root mean squared error is below 1 in all cases. These results are
indicating a reasonable fit given the large cross-sectional dimension.

Cross-sectional dependence results shows that there is significant evidence that there
IS no cross-sectional dependence occurs in the macro-finance block as CD statistic is
-0.97 and p value greater than 0.05 (0.33). On the other hand, some cross-sectional
dependency occurs in the education-innovation and connectivity blocks (CD statistics
between 2.1-2.3 with p-values of 0.033 and 0.020).

Table 6.4 Cointegration Results

Macro & Finance Education & Innovation Connectivity

Block Block Block
Adjustment -1.082 -1.099 -0.585
Coefficient p-value=0.00 p-value=0.00 p-value=0.00
R-squared 0.09 0.08 0.28
R-squared MG 0.57 0.33 -0.14
Root MSE 0.56 0.70 0.90
CD Statistic -0.97 2.11 2.32
p-value 0.3339 0.0351 0.0203

For each CS-ECM, the implied error-correction term

ECi,t = EXPi,t—1 - ﬁi’Xi,t—1 (23)
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subjected to Pesaran’s CADF panel unit-root test.

To verify that this ECM representation is consistent after the model estimation error
correction terms are expected to be 1(0). To be able to discover that the time-series

properties of the estimated error-correction terms are tested.

When CADF tests results are checked on the error-correction terms, the unit-root is
rejected for all three blocks. These results support the existence of panel cointegration
between provincial exports and their macro-financial, human-capital and connectivity

determinants.

CADF unit-root tests reject the null hypothesis that there is a unit root at the 5 per cent
level for all three blocks. The p-values are 0.016 (macro—finance), 0.031 (education—
innovation) and 0.006 (connectivity). The results show that error-correction terms are
stationary 1(0). It confirms the presence of a stable long-run relationship between
provincial exports and the regressors. The economic interpretation of the long-run
coefficients and the adjustment speeds and as well as their spatial extensions are

discussed in detail in Section 6.2 and Section 6.3.

6.2 Static Panel Estimation Results (Non-Spatial Benchmarks)

The results are organized into three groups of explanatory variable groups as these
groups are discussed in Chapter 2. These determinants of exports are gathered into
groups of macro-financial factors, human capital-knowledge and innovation
(innovation shortly), and infrastructure-accessibility and connectivity (connectivity
shortly). All models have the dependent variable of the first difference of log real
exports AEXP . On the other hand, province and year fixed effects are included in the
models. In order to capture unobserved common factors, cross-section averages of the
main variables are added into models. Short-run effects are measured by coefficients
on differenced regressors, while long-run relationships are summarized by the
coefficients entering the error-correction term. The individual province error
correction terms from these models are used both as regressors in the spatial models

and as the basis for Moran’s I tests in Section 6.2.5.
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6.2.1 Model Specification
A main cross-sectionally augmented error-correction model (CS-ECM) is built and
presented below.

AEXPy = a; + @i(EXPy_y — BiXieo1) + ViDXie + {2, + uye (22)
where i = 1,2 ....81 denotes provinces, t = 2008, ... 2023 year

AEXP;; = denotes the growth rate of exports in province i at time t

ECi,t

©; (EXPy_, — B{X;+-1) = the error-correction component, measuring how deviations
of exports from their long-run equilibrium come back

@,;= the province-specific error-correction (speed-of-adjustment) coefficient

AX;.= the vector of short-run effects of changes in province-specific fundamentals

Z,= the vector of coefficients on the cross-sectional averages

6.2.2 Macro and Finance Model Results

The results of dynamic common correlated effects ECM (dyn-CCE ECM) estimation
results for the macro-finance block can be seen in Table 6.5. This model combines
manufacturing value added (MGDP), imports (IMP) and bank credit (CRDT) variables
to explain the short and long run relationship with export growth. The R-squared of
0.09 (within) is modest, while the MG R-squared of 0.57 indicates that the long-run
component explains a sizeable share of cross-section variation. Finally, the CD statistic
-0.97 p-value of 0.33 suggests that once common factors are controlled via cross-
sectional averages there is no remaining significant cross-sectional dependence in the

residuals.

The results show that in the short run, export growth responds positively to changes in
imports. The coefficient on AIMP is positive (0.20) and statistically significant. This
result indicates that provinces experiencing faster import growth tend to have higher
export growth within the same year. This is consistent with the idea and presented
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literature in Chapter 2 that global value-chain participation support export

performance.

On the contrary, short-run changes in manufacturing value added is not statistically
significant while explaining the export growth. It may be explained because of yearly

fluctuations in manufacturing output do not translate immediately into export growth.

Table 6.5 Macro/Finance, Dyn-CCE ECM for Provincial Export Growth

AEXP

Short Run Effects

Manufacturing GDP growth (AMGDP) -0.375
(0.615)

Import growth (4IMP) 0.196***
(0.075)

Adjust. Term

Error Correction Term (ECy_) -1.082***
(0.121)

Long Run Effects

Log of Cash Loans (CRDT) 0.795
(1.535)

Log of Manufacturing GDP (MGDP) 2.491%**
(0.901)

R-squared 0.09

R-squared (MG) 0.57

Root MSE 0.56

CD Statistic -0.97

p-value 0.3339

Notes: Coefficients reported with robust standard errors in parentheses. *, **, *** indicate
significance at the 10%, 5%, and 1% levels, respectively.

In the dyn-CCE ECM macro model, the adjustment coefficient (¢;) of the lagged error
correction level (denoted EC,_4in the model) is around -1.08 and highly significant.
This implies rapid convergence towards the long-run equilibrium. It can be explained
like that when exports are 1 percent above their equilibrium level, export growth

declines by about 1.1 percentage points in the following year.

In the long-run part of the model, manufacturing value added has a positive (2.5) and
statistically significant coefficient. This is indicating that provinces with larger
manufacturing value added sustain higher export level. However, the long-run
coefficient on credit is not statistically significant which is interesting finding. This
finding shows that provincial credit depth does not have a clear additional long-run

76



effect on exports. Overall, the macro—finance block confirms a stable cointegrating
relationship in which manufacturing activity anchors long-run exports, while import

growth plays a supportive role in the short run.

6.2.3 Education and Innovation Model Results

ECM model is bult to discover whether education and innovation block variables have
long run relationship with export growth or not and reported in. The within R-squared
value 0.08 is low and the MG R-squared is moderate 0.33. The CD statistic 2.11 with
p-value 0.0351 suggests that there is some remaining cross-sectional dependence in

the residuals even after controlling for common factors. It can be spatial dependence.

The results show that there is no significant long-run relationship between exports,
patents (PAT), the female-to-male higher-education ratio (GEN) and population
density (POPD). It is the unexpected result for most of the academicians. However, it

is suggested to examine the exported good variety of Tiirkiye on conclusion part.

The result is the same with short-run dynamics which includes changes in imports and
credit (AIMP, ACRDT). In the short run, neither AIMP nor ACRDT is statistically
significant to explain the export growth. This indicates that once innovation and
education variables enter into the long-run part of the model, short-run macro

fluctuations become less explaining to export growth.

Table 6.6 Education-Innovation, Dyn-CCE ECM for Provincial Export Growth

AEXP

Short Run Effects

Import growth (AIMP) 0.051
(0.103)

Credit growth (ACRDT) 3.981
(4.352)

Adjust. Term
Error Correction Term (EC;_,) -1.099***

(0.167)
Long Run Effects
Log of Cash Loans (PAT) 1.549
(1.614)
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Table 6.6 (continued)

Log of High Educated Women Ratio (GEN)  27.390

(29.313)
Log of Population Density (POPD) 29.564

(26.520)
R-squared 0.08
R-squared (MG) 0.33
Root MSE 0.70
CD Statistic 211
p-value 0.0351

Notes: Coefficients reported with robust standard errors in parentheses. *, **, *** indicate
significance at the 10%, 5%, and 1% levels, respectively.

The good news is the error-correction coefficient of the long run equilibrium. It
remains negative again with -1.1 and statistically significant. It can be explained as

deviations from the long-run equilibrium are quickly corrected.

To sum up, although, none of the long-run coefficients (PAT, GEN or POPD) is
statistically significant to explain export growth, this does not mean that human capital
and innovation are irrelevant for export performance as adjustment coefficient adjust
the shocks to come back to long run equilibrium. In practice, the error-correction term
from this block mainly captures how exports adjust to set of innovation-related
explanatory variables. On the other hand, separate contributions of patents, education
and density should be interpreted with caution.

6.2.4 Infrastructure and Connectivity Model Results

Finally, Table 6.7 reports the ECM estimates for the infrastructure and connectivity
block. Road length (ROAD), international air passengers (PSGR) and population
density (POPD) are estimated to explain the short run and long run relationships with
import growth (IMP). The within R-squared is relatively high at 0.28. However, the
MG R-squared is negative -0.14. This indicates that the long-run component ROAD,

PSGR, POPD have very limited explanatory power for cross-sectional differences.

The short-run part includes growth on import, international air passengers numbers,
roads and density (AIMP, APSGR, AROAD, APOPD). In the short run, only the

positive coefficient (0.081) on import growth can be expressed almost significant with
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p value 0.07. It may be suggested that import growth is again may be associated with
higher short-run export growth, although the effect is less and not significant as it is in
the macro—finance model. In short-run, growth in connectivity, international

passengers variables and population density are not statistically significant.

Table 6.7 Connectivity, Dyn-CCE ECM for Provincial Export Growth

AEXP
Short Run Effects
Import Growth (AIMP) 0.081*
(0.044)
Int. Air Passenger Growth (APSGR) 0.010
(0.015)
Asphalt Road Length (AROAD ) -0.547
(2.749)
Population Density (APOPD ) 4,527
(3.053)
Adjust. Term
Error Correction Term (EC;_) -0.585***
(0.056)
Long Run Effects
Log of Asphalt Road Length (ROAD ) 4.550
(4.411)
Log of Int. Air Passenger (PSGR) 0.079
(0.101)
Log of Population Density (POPD ) 2.654
(15.613)
R-squared 0.28
R-squared (MG) -0.14
Root MSE 0.90
CD Statistic 2.32
p-value 0.0203

Notes: Coefficients reported with robust standard errors in parentheses. *, **, *** indicate
significance at the 10%, 5%, and 1% levels, respectively.

When we come to crucial part for ECM models, the speed of adjustment parameter on
the lagged export level is about -0.59, which is good being negative for adjustment
towards long run equilibrium, and highly significant. Convergence speed towards a

long-run equilibrium is lower compared to the previous blocks but it is significant.

The long-run coefficients of ROAD, PSGR and POPD are positive but not statistically
significant at the 5% significance level. This indicates that, within the Dyn-CCE
framework with rich common-factor controls, the panel does not deliver a consistent

estimate for exports with respect to connectivity variables. However, the significant
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error-correction term suggests that road infrastructure, international connectivity
proxy (passengers) and population density help define a healthy long-run equilibrium

for exports.

In summary, one of the main common findings from the non-spatial Dyn-CCE ECM
is that provincial exports display strong connectivity towards long-run equilibria,

while short-run dynamics are mainly driven by import growth.

In the next section, the residuals and error-correction terms from these benchmarks are
used to test for remaining spatial dependence (Moran’s I). The presence of significant
spatial autocorrelation in these residuals may motivate the spatial panel models

estimated in Section 6.3.

6.2.5 Testing for Spatial Dependency: Moran's |

In the light of the literature explained in chapter 3, as a diagnostic step before
estimating spatial panel models, application of Moran’s 1 statistics are suggested to
determine whether there is spatially dependency or not. The residuals of the three Dyn-

CCE error-correction models are computed to examine the spatial dependency.

To be able to do this calculation, the weight matrix of “six-nearest-neighbors” spatial

weight matrix is created and used according to centroids of the provinces.

The global Moran’s I result in Table 6.8 indicate that the macro-finance ECM exhibits
a positive and statistically significant Moran’s I of 0.027 with p value 0.045, while the
residuals of connectivity ECM show an even stronger statistics 0.040 with the
significant p value 0.005. In contrast, the Moran’s I for the education-innovation block

ECM, residuals are smaller and statistically not significant Table 6.8.

Table 6.8 Global Moran’s I Test Before Spatial Models

ECM Residual I E() sd(l) z p-value*
Macro—Finance 0.027  -0.001 0.016 1.693 0.045**
Education—Innovation 0.016  -0.001 0.017 1.027 0.152
Connectivity 0.040 -0.001 0.016 2.545 0.005***

**71-tail test
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Overall, the non-spatial model reduces but do not fully remove the spatial
dependencies. To be able to remove these dependencies in the residuals, spatial panel

error-correction models is introduced and applied in Section 6.3.

6.3 Spatial Panel Estimation Results and Spillovers

The existence of spatial autocorrelation in the ECM residuals suggests that export
dynamics cannot be explained only by the local characteristics. When a neighbor
province experiences higher exports, imports or connectivity, this may tends to spill
over into nearby provinces. To capture these interdependencies, this section estimates

spatial panel error-correction models for provincial export growth.

The dependent variable which is the first difference of log real exports (AEXP) can be
interpreted as the growth rate of provincial real exports. Short-run changes in the
determinants enter in differenced form, while deviations from the long-run equilibrium

are represented by the lagged error-correction terms (ECwyqcrin, ,» ECpam,_, and

EC¢on,_,) Obtained from non-spatial ECM equations

Spatial dependence is introduced through a six-nearest-neighbours matrix (K6), and
modelled using spatial lags of the dependent variable. Spatially correlated errors also
provide dynamic SC/SARAR-type structure (Figure 3.7). In some specifications,
spatial lags of selected regressors are treated as potentially endogenous and

instrumented and obtain dynamic SDM structure.

For each of the three conceptual blocks introduced in previous section, macro and
finance, education and innovation, and infrastructure and connectivity, separately
estimated spatially. The next three subsections present the specification for each block.
In each case, results are summarized in a single table and discussed with emphasis on
the sign and magnitude of the adjustment coefficient, the role of key covariates in
explaining export growth, and the strength of spatial spillovers implied by the

coefficient on the spatially lagged dependent variable.
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6.3.1 Model Specification

The purpose of this subsection is to examine whether provincial export growth
spatially spills over or not once macro-finance, human-capital and connectivity
fundamentals are taken into account. In particular, the analysis asks two related
questions. The first one is whether shocks on export growth in the province affect
export growth of neighboring provinces or not. This theory is called endogenous
spillovers. And the second one is the opposite, whether changes in neighbors’

characteristic affect the export of the province or not.
A main spatial dynamic error-correction model is built and presented below.
AEXPL't = U + Tt + pWAEXPL,t + 6AEXPi,t_1 + ¢ECi,t—1 + ‘BIAXM + HIWAXL"t + Uit

Uy = AWe)i + € (23)
where

AEXP;; = export growth

pWAEXP; . =endogenous spillover (neighbors provincial export spillover)
SAEXP; ._,=lagged dependent variable to capture short-run dynamics

¢EC; ._,=lagged error-correction term obtained from ECM models

¢ = the province-specific error-correction (speed-of-adjustment) coefficient
B’ AX; .=vector of coefficients on changes in own-province fundamentals
0'WAX; ;=exogenous spillover (spatial lags of these coefficients)

A(We);=spatial error component

6.3.2 Model I: The Impact of Macro-Financial Factors

In this section, the spatial macro-finance structure of export is modelled with dynamic
spatial error correction model with fixed effects’*. The Model | examines whether

short-run changes in imports (4/MP), manufacturing value added (AMGDP), bank

14 The Hausman test is applied to determine the appropriate model specification between fixed effects
and random effects.
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cash credit (ACRDT) and lagged export growth (EXP,_,) are associated with
provincial export growth (EXP). In addition, the lagged macro—finance error-
correction term (ECyqcrin,_,) 1S included to capture the adjustment of exports towards

the long-run equilibrium implied by these macro-financial fundamentals.

The overall Wald score is significant as p value is less than 0.001. This shows that the
model is statistically significant as a whole. The log likelihood of -1223.53 indicates a
better fit than random-effects specification. The pseudo R? is about 0.025, which is
low but quite normal for growth-rate regressions with fixed effects and spatial terms,
where much of the variation is left in province-specific shocks.

The coefficient of lagged export growth (AEXP;_,) is negative (-0.36) and highly
significant. It means that provinces that experience unusually rapid export growth in

one year tend to slowdown in the following year (Table 6.9).

Short-run changes in imports and manufacturing are positively associated with export
growth. A one percent increase in provincial imports lead to increase 0.06 export
growth. It may show the import dependency of Tiirkiye’s export. At the same time, a
1 percent rise in manufacturing GDP is associated with around 0.66 percentage higher
export growth. Both. On the other hand, the short-run coefficient on bank credit is
positive but statistically insignificant. It can be commented as credits do not rapid

effects on export growth.
Table 6.9 Spatial Error—Correction Model for Provincial Export Growth (1)

Dependent variable: AEXP
Panel A. Short-run and error-correction effects

Import growth (AIMP) 0.055***
(0.02)
Manufacturing GDP growth (AMGDP)  0.66***
(0.169)
Credit growth (ACRDT) 0.379
(0.232)
Lagged export growth (AEXP;_,) -0.36***
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Table 6.9 (continued)

Error-correction term (ECpqcrin,_,) -0.30***
(0.025)

Year trend 0.004
(0.012)

Panel B. Spatial parameters (K6 weight matrix)

Spatial lag of AEXP (WAEXP) -0.570***
(0.120)
Spatial error term (We) 0.490***
(0.077)
Panel C. Model diagnostics
Observations 1134
Provinces 81
Years 14
Log-likelihood -1223.5
Wald 2 (model) 324.46(0.00)
Wald 2 (spatial terms, p-value) 44.9 (0.00)
Pseudo R? 0.0248

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 6-nearest neighbour weight matrix (K6). *, **, *** indicate significance at

As expected, the lagged error-correction term for the macro-finance block

(ECmacrin,_,») has negative sign (-0.3) with strong significance. This confirms the

presence of a stable long-run relationship that when exports go up it is reduced by

the 10%, 5%, and 1% levels, respectively.

macro-financial fundamentals.

When we come to interesting point, spatial side, the spatial lag of export growth is
negative and significant (-0.57), where the spatial error component is positive and

significant (0.49). As the joint Wald test of the spatial terms is highly significant,

spatial dependence is a crucial part of the model.

The impact decomposition'® shows that local macro shocks help to increase export

growth but neighbours take it back. A 1% increase in provincial imports raises that

15 The impact decomposition tables are added into APPENDIX C.
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province’s export growth by about 0.06 percentage points directly while neighbors
subtract almost 0.02 points from other provinces. Manufacturing has even stronger

negative effect by neighbors.

Taken together, these results suggest that macro-financial conditions and long-run
adjustment forces are key drivers of provincial export growth. On the other hand, while
spatial linkages across neighbouring provinces are non-negligible and display

elements of both common-shock propagation and competitive interactions.

6.3.3 Model I1: The Impact of Education and Innovation

Dynamic spatial fixed-effect'® error-correction model for education and innovation

block is estimated and reported in Table 6.10.

This specification examines whether short-run changes in population density
(APOPD), imports (AIMP), manufacturing value added (AMGDP), bank cash credit
(ACRDT) are associated with provincial export growth (AEXP). In addition, the lagged
education-innovation error-correction (ECgqn,_,) term is included to capture the
adjustment of exports towards the long-run equilibrium implied by these

fundamentals.

The overall Wald chi? score is significant as p value is less than 0.001. This indicates
that the model is statistically significant as a whole. The pseudo R? is low (about
0.0007) This is normal for a growth-rate dependent variable with province fixed effects
and spatial components because most of the variation is left in idiosyncratic shocks

rather than explained by the covariates.

The coefficient on lagged export growth is negative (around -0.29) and highly
significant. This shows parallel results as presented in Model 1. Unexpected rapid

export growth tend to be followed by a slowdown in future.

16 The Hausman test is applied to determine the appropriate model specification between fixed effects
and random effects. (APPENDIX A)
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The lagged error-correction term (ECggy,_,) oObtained by the ECM model is also
negative (-0.12) and statistically significant. It confirms that deviations from the long-
run equilibrium defined by education-innovation fundamentals are gradually corrected
over time. In magnitude, the estimate shows that 12 percent of last year’s deviation

from the long-run equilibrium is adjusted within one year.

Table 6.10 Spatial Error—Correction Model for Provincial Export Growth (2)
Dependent variable: AEXP

Panel A. Short-run and error-correction effects

Population density growth ( APOPD ) 3.060**
(1.373)
Import growth (AIMP) 0.073***
(0.021)
Manufacturing GDP growth (AMGDP ) 0.388**
(0.173)
Credit growth (ACRDT ) 0.428
(0.294)
Lagged export growth (AEXP,_;) -0.289***
(0.03)
Error-correction term (4ECgqn,_, ) -0.121%**
(0.015)
Year trend -0.112%**
(0.019)

Panel B. Spatial parameters (K6 weight matrix)

Spatial lag of AEXP (WAEXP) -0.56***
(0.142)
Spatial lag of ACRDT (WACRDT) -0.22
(0.391)
Spatial error term (We) 0.474%**
(0.092)
Panel C. Model diagnostics
Observations 1134
Provinces 81
Years 14
Log-likelihood -1257.8064
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Table 6.10 (continued)

Wald y? (model) 220.13(0.00)
Wald y2 (spatial terms, p-value) 32.52(0.000)
Pseudo R? 0.0007

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 6-nearest neighbour weight matrix (K6). *, **, *** indicate significance at
the 10%, 5%, and 1% levels, respectively.

In the short-run regressors, several variables display economically meaningful and
statistically significant effects. Increases in population density are associated with
higher export growth. A 1 percent rise in density corresponds to roughly 3.1 percentage
points higher export growth. It is expected result because provinces with higher
population benefit from agglomeration and market-access advantages as presented in

literature survey.

Import growth also enters with a positive (0.07) and significant coefficient. It can be
explained again by import dependent export structure of Tiirkiye. pointing. Bank credit
has a positive but insignificant direct effect. Manufacturing GDP growth is also
positive and significant (0.388). It indicates that manufacturing increase exports. Bank
credit has a positive but insignificant direct effect.

In the education—innovation block, the impact decomposition!’ says that local
characteristics are support provincial exports but their spillovers reduce the export. A
1% rise in provincial population density boosts local export growth by about 3.2

percentage points directly, but reduces neighbors’ growth by 1.2 points.

Import and manufacturing growth show the same pattern. They have negative indirect
effects of -0.03 and -0.16 while their net impacts remain positive at around 0.05 and
0.25 points.

On the dynamic side, lagged export growth has negative total effect (-0.196) like
Model Il findings.

7 The impact decomposition tables are added into APPENDIX C.
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Overall, education-innovation adjustment model variables strongly support local
exports. However, neighbors have negative effect on provinces exports.

6.3.4 Model I11: The Impact of Connectivity

In this section, the spatial infrastructure and connectivity structure of export is
modelled with dynamic spatial error correction model with fixed effects'®. The overall
Wald chi-square is large with p value less than 0.001. This means they are jointly

significant and the model is statistically valid.

The pseudo R? is about 0.04 which means that the specification explains roughly 4%
of the variation in export growth which is reasonable for a growth-rate model with

spatial effects.

This specification examines whether short-run changes in international oil prices
(APOIL), population density (APOPD), imports (AIMP ), manufacturing value added
(AMGDP), bank cash credit (ACRDT) and lagged export growth (AEXP;_;) are
associated with provincial export growth (4EXP). In addition, the lagged connectivity
error-correction term (ECc,n, ,) is included to capture the adjustment of exports

towards the long-run equilibrium implied by these connectivity-related fundamentals.

Table 6.11 reports the spatial dynamic error-correction panel model results for the
infrastructure and connectivity block. Export growth depends on short-run changes in
imports and international oil prices The coefficient on lagged export growth is again

negative -0.45, like Model | and Model 11 results.

The lagged error-correction term for the connectivity block (EC¢on,_, ) is also negative
-0.39 and highly significant. This shows that 40 percent of deviations from the long-

run connectivity equilibrium can be corrected in a year.

18 The Hausman test is applied to determine the appropriate model specification between fixed effects
and random effects. (APPENDIX A)
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Table 6.11 Spatial Error—Correction Model for Provincial Export Growth (3)
Dependent variable: AEXP

Panel A. Short-run and error- Panel B. Spatial parameters
correction effects (K6 weight matrix)
Oil price growth (APOIL) 0.202** | Spatial lag of AIMP -0.098**
(0.080) | (WAIMP) (0.043)
Population density growth 1.029 | Spatial lag of APOPD -2.894
(APOPD) (1.391) | (WAPOPD) (0.043)
Import growth (AIMP) 0.050** | Spatial lag of AMGDP 0.150
(0.207) | (WAMGDP) (0.263)
Manufacturing GDP growth 0.239 Spatial lag of AEXP 0.012
(AMGDP) (0.172) | (WAEXP) (0.121)
Credit growth (ACRDT) 0.137 | Spatial error term (We) -0.209
(0.154) (0.152)
Lagged export growth -0.45*** | Panel C. Model
(AEXP;_,) (0.030) | diagnostics
Observations 1134
Error-correction term -0.39***
Provinces 81
(ECcon,_,) (0.029)
Years 14
Year trend -0.005 | Log-likelihood -1188.78
(0.005) | Wald »? (model) 360.08
(0.00)
Notes: Coefficients reported with robust | Wald > 9.00
standard errors in parentheses. Spatial .
dependence modelled using a row- (spatial terms, p-value) (0.109)
standardised 6-nearest neighbour weight | Pseudo R2 0.04
matrix (K6). *, **, *** indicate
significance at the 10%, 5%, and 1%
levels, respectively.

Increases in imports are associated with higher export growth. 1 per cent rise in imports

lead to 0.05 percentage higher export growth. International oil prices affect export
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growth positively. The estimated results are significant and suggesting that higher
global oil prices tend to support stronger provincial exports. It is possibly via energy-
related exports. Manufacturing GDP and short-run changes in bank credit are not
statistically significant. Spatial spillovers side has interesting findings. When indirect
effects are presented, POIL has positive indirect effect (0.097) at 95% interval. On the
other hand, POPD and IMP has -4.5 and -0.1 points negative effects significant effect
at %90 level.

When the total effects!® are considered, it is obvious that at price of oil has an
significant and positive effect with 0.31 points while lagged export and lagged error

correction term of connectivity has negative (-0.063 and -0.39) and significant effect.

6.4 Main Findings

After the CS-ECM and spatial ECM SDM estimations, a coherent picture of provincial
export dynamics is delivered by using three different (macro-finance, education-
innovation and infrastructure-connectivity) perspective to explain it. All non-spatial
CS-ECM models shows that imports have crucial short run contribution to export
growth. On the other hand, bank loans (credits) remains weak and unstable to explain
export growth. In the macro-financial CS-ECM model discover that 1% increase in
import growth led around 0.2% higher export growth while the long run elasticity of
exports with respect to manufacturing GDP is around 2.5. It is an important founding
that %100 increase in manufacturing GDP may cause %250 export. By contrast, the
long-run coefficients on credit are insignificant so we can consider that finance cannot
boost export in long run. Lastly, education-innovation and connectivity blocks have
the same result that explanatory variables do not have any power to explain export
individually. Models including patents, hig educated women ratio and population

density as a whole significant. This explanation is valid also for connectivity variables.

19 The impact decomposition tables are added into APPENDIX C.
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All CS-ECM models confirm stable long-run relationships between exports and the
variables used in the models. In addition to that all models have negative and
statistically significant error-correction terms. The results of the estimations of
adjustment speeds differ. The adjustment coefficient is close to -1.1 (in a year almost
%110 correction of deviation) for macro-finance block, around also -1.1 in a year
%110 correction of deviation for education-innovation block and close to -0.59 (in a
year almost %60 correction of deviation) for connectivity block. It means that in the
related model estimated and confirmed long run equilibrium, if there is a deviation
from the long run equilibrium occurs, export comes back to the equilibrium, for macro-
finance and education-innovation blocks less than a year and for connectivity block in

almost 3 years.

The spatial ECMs confirm these findings and add geographical dimension. In the
macro-financial spatial ECM, the direct impact? of import growth on export growth
is about 0.08 and the direct impact of manufacturing GDP growth is close to 0.48, with
total effects of roughly 0.05 and 0.30, respectively. In the education-innovation spatial
model, population density growth has strong direct impact around 3.2 percentage and
under 2 percentage total effect. It means 1% increase in population density directly
increase 3.2% export growth but almost 2 % totally. The findings of connectivity
model interesting as well as the others. Increase in crude oil price growth has positive
effect with 0.2 while import has positive significant around 0.05 point. In all three
spatial ECMs, error correction terms are negative and significant. Around %30 of
macro financial disequilibrium, 12% of education-innovation and about 40% of

connectivity related disequilibrium are adjusted within a year.

The spatial models show that these variables are not spatially same. The spatial lag of
export growth is negative and significant in the macro-financial and education
innovation models (around -0.56 to -0.57). This can be explained in a way that export

growth increases of neighbors have negative effect of home province.

20 The detailed results of the impact decomposition are provided in Appendix C.
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The impact decompositions are also important even spatially lagged variables are not
significant. While import, manufacturing GDP and population density has positive and
economically meaningful direct effects, the indirect effects from the growth of these
elements are negative. For example, in the macro-financial block, the import growth
of the neighbor has -0.03 indirect effect while increase in manufacturing has -0.18. In
the education-innovation model, the indirect effect of population density growth is
almost -1.2 and in the connectivity model it is even larger around -4.5. These results
are pointing strong crowding-out effects from dens populated better connected

provinces.

Overall, the results suggest that provincial export growth in Tiirkiye has strong
relations with real economic fundamentals such as manufacturing capacity, integration
into global value chains, agglomeration and connectivity rather than financial
deepening. Provinces has different adjustment mechanisms with different speeds in
long run equilibria defined by these fundamentals. At the same time, the spatial ECMs
shows that improvement in these fundamentals may led to generate strong local
growths but often negative spillovers on neighborhoods. This can be defined as
regional competition rather than shared growth. From a policy perspective, as Tiirkiye
is a developing country, these findings claim that industrial, innovation and
infrastructure policies can boost local economies while can harm neighbor provinces

without complementary mechanisms to support them.
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CHAPTER 7

CONCLUSION

Economies do not recognize borders. The aim of this study to open the door to a new
wave of spatially aware inter-provincial studies for Tirkiye. This study asks a simple
question: why do some Turkish provinces export more than others even they share the
same national policies and shocks? The thesis examines whether exports are spatially
dependent between each other by using a province level balanced panel of all 81
provinces of Tiirkiye from 2008-2023. The empirical design is built around three
blocks which are economic structure and finance, knowledge and innovation, and
connectivity. These are directly grounded in the trade and spatial theories discussed in
the thesis. The empirical strategy combines cross-sectionally augmented dynamic
CCE error-correction models with dynamic spatial panel specifications to capture both

long-run relationships and short-run spatial spillovers.

In the literature about province level exports of Tiirkiye, exports either explained by
static spatial models without any long run equations or by panel ARDL/ECM methods
where export is not the central dependent variable. This thesis estimates a dedicated
provincial export function with an error-correction term and then connects the findings
with a spatial framework. It contributes to the literature by being one of the first studies
modelling provincial exports of Tiirkiye jointly short-run and long dynamics together
with spatial spillovers. This makes the thesis a useful reference point for future

provincial and regional exports studies in Tiirkiye.

The findings of this thesis are consistent with earlier empirical work on Turkish
provincial exports. The results indicate that provincial exports in Tiirkiye are linked to
the macro-financial environment and trade and production network capacities of
provinces. Similar to non-spatial and spatial analysis studies for Tirkiye(Abar &
Tekmanli, 2018; Dogan, 2022; Gengosmanoglu & Yamanoglu, 2023; Solmaz, 2024),
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empirical results of this thesis show that, in the short run, provinces that expand their
imports and manufacturing activity tend to see faster export growth. This finding fits
with the idea of an import-dependent, value-chain-driven export structure of Tiirkiye.
In the long run, manufacturing activity determines the level of exports while credit
conditions do not have significant contributions. Companies may be encouraged to
produce rather than providing credit or incentives. Across all three estimations, the
error-correction terms are negative and clearly significant which means that when
exports converge to or diverge from their long-run path, they do not move indefinitely.

Instead, export growth adjusts to its long-run equilibrium.

Once dynamics and spatial spillovers are taken into account, unlike previous non-
spatial Turkish regional studies by using for 2009-2021 (Tiirkcan, 2018), which find
long-run cointegration between exports and innovation indicators such as patents,
trademarks and utility models, our results do not show any strong individual long-run
relationship of innovation or education proxies. The results on education and
innovation indicates that model confirms the existence of a stable equilibrium but
individual proxies such as patent counts, the female-to-male higher-education ratio or
population density are not strong long-run predictors of export growth individually. In
the short run, once these variables are in the system, additional macro shocks like
changes in imports or credit lose much of their explanatory power. This finding
suggests that education and innovation may play an important role as a bundle rather
than individual indicator.

When we come to the connectivity block, the non-spatial model suggest that road
density, international passengers and population density do not deliver a significant
long-run effect unlike the results of spatial and non-spatial studies for Tiirkiye (Abar
& Tekmanli, 2018; Solmaz, 2024). However, the spatial error-correction estimates
finds out that changes in connectivity and density are clearly part of the equilibrium to
which exports adjust. At the same time, speed of adjustment in the connectivity block
is slower than in the macro-financial and education—innovation blocks. In the short
run, addition of connectivity into model shows that connectivity support local export
growth when combined with some macro-financial conditions. Moreover, higher

global oil prices are also associated with stronger exports. It may reflect the structure
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of Tiirkiye’s export basket and the role of energy-related activities. Another interesting
finding is that provinces that experience unusually strong export growth in one year

are systematically more likely to slow down in the following year.

Perhaps the most striking findings come from the spatial spillover patterns. For all
three blocks, local characteristics/determinants generally support the province’s own
exports. However, neighbours’ export do not always share the gains. Positive shocks
to imports, manufacturing or population density raise export growth in the province
where they occur. On the other hand, the corresponding indirect effects on
neighbouring provinces are often negative to neighbors. This finding is indicating
competitive or crowding-out spillovers rather than a spillover in benefit. By contrast,
some common shocks, such as higher international oil prices, tend to generate positive
spillovers across provinces. Overall, the thesis presents that provinces are strongly tied
to their own structural characteristics has strong export growth pattern. However, local
improvements on industrial depth or connectivity can sometimes harm exports of

nearby regions.

Overall, this study shows that increasing in provincial exports is not only about
expanding activity within a single province. It is related also how macro-financial
conditions, human capital and connectivity are organized across region. The strong
role of imports and manufacturing shows the importance of designed regional
industrial and upgrading policies. On the other hand, finding on education and
innovation indicate that policy should focus on the quality and long-term consistency
of education rather than on “more patents” or “more graduates”. The presence of
negative spatial spillovers of neighbors also shows that uncoordinated transport and
logistics investments can create harmful competition between neighboring provinces
instead of a shared regional improvement. Although these conclusions are subject to
limitations of province-level annual and linear spatial panel data, the thesis provides a
framework and useful starting point for future works on products, sectors, free zones

and value-chain networks in Tiirkiye’s provincial and regional export system.
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APPENDICES

A. ROBUSTNESS TESTS

MODEL 1 - FIXED EFFECTS

Table Appendix A. 1 Estimation Results of the Model | - Fixed Effects

Dependent variable: AEXP

Panel A. Short-run and error-correction effects

Import growth (AIMP)

Manufacturing GDP growth (AMGDP)

Credit growth (ACRDT)

Lagged export growth (AEXP,_,)

Error-correction term (E Cyqcrin,_,)

Year trend

0.055%x
(0.02)
0.66%+
(0.169)
0.379
(0.232)
_0.36***
(0.03)
_0.30***
(0.025)
0.004
(0.012)

Panel B. Spatial parameters (K6 weight matrix)

Spatial lag of AEXP (WAEXP)

Spatial error term (We)

Panel C. Model diagnostics

-0.570***

(0.120)
0.490%**
(0.077)

Observations

Provinces

Years

Log-likelihood

Wald y? (model)

Wald 2 (spatial terms, p-value)
Pseudo R?

1134
81
14

-12235
324.46

44.9 (0.00)

0.0248

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 6-nearest neighbour weight matrix (K6). *, **, *** indicate significance at
the 10%, 5%, and 1% levels, respectively.
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MODEL 1 - RANDOM EFFECTS

Dependent variable: AEXP

Table Appendix A. 2 Estimation Results of the Model | - Random Effects

Panel A. Short-run and error-correction effects

Import growth (AIMP)

Manufacturing GDP growth (AMGDP)

Credit growth (ACRDT)

Lagged export growth (AEXP;_4)

Error-correction term (ECyacrin,_,)

Year trend

0.075%**
(0.02)
0.465%+
(0.165)
0.274
(0.234)
-0.55%**
(0.18)
-0.44%%*
(0.104)
0.003
(0.012)

Panel B. Spatial parameters (K6 weight matrix)

Spatial lag of AEXP (WAEXP)

Spatial error term (We)

Panel C. Model diagnostics

-0.548
(0.157)
0.442
(0.104)

Observations

Provinces

Years

Log-likelihood

Wald y? (model)

Wald 2 (spatial terms, p-value)
Pseudo R?

1134
81
14

-1349.9

19.91

142.96 (0.00)

0.087

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 6-nearest neighbour weight matrix (K6). *, **, *** indicate significance at

the 10%, 5%, and 1% levels, respectively.
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MODEL 1 - HAUSMAN TEST STATISTICS

Table Appendix A. 3 Hausman Test Results of Model |

FE RE B-b Std.err
AEXP;_, -0.37 -0.23 -0.13 0.00
AIMP 005 074 -0.19 :
AMGDP 065 046 019 0.04
ACRDT 037 027 0.10 .
ECyacFin,_, -0,30 -0.02 -027 0.02
YEAR 0.00 000 0.00 0.00
Chi2 63.06
p-value 0.0000
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MODEL 2 - FIXED EFFECTS
Table Appendix A. 4 Estimation Results of the Model Il - Fixed Effects

Dependent variable: AEXP

Panel A. Short-run and error-correction effects

Population density growth ( APOPD ) 3.060**
(1.373)
Import growth (AIMP) 0.073***
(0.021)
Manufacturing GDP growth (AMGDP ) 0.388**
(0.173)
Credit growth (ACRDT ) 0.428
(0.294)
Lagged export growth (AEXP,_;) -0.289***
(0.03)
Error-correction term ( 4ECgqjn,_, ) -0.121%**
(0.015)
Year trend -0.112%**
(0.019)

Panel B. Spatial parameters (K6 weight matrix)

Spatial lag of AEXP (WAEXP) -0.56***
(0.142)
Spatial lag of ACRDT (WACRDT) -0.22
(0.391)
Spatial error term (We) 0.474%**
(0.092)
Panel C. Model diagnostics
Observations 1134
Provinces 81
Years 14
Log-likelihood -1257.8064
Wald »? (model) 220.13
Wald y? (spatial terms, p-value) 32.52(0.000)
Pseudo R? 0.0007
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MODEL 2 - RANDOM EFFECTS

Table Appendix A. 5 Estimation Results of the Model Il - Random Effects

Dependent variable: AEXP

Panel A. Short-run and error-correction effects

Population density growth ( APOPD ) 2.41*
(1.30)
Import growth (AIMP) 0.077***
(0.021)
Manufacturing GDP growth (AMGDP ) 0.45**
(0.176)
Credit growth (ACRDT ) 0.408
(0.301)
Lagged export growth (AEXP,_; ) -0.23***
(0.03)
Error-correction term (4ECgqyn,_, ) 0.000
(0.03)
Year trend -0.002
(0.019)

Panel B. Spatial parameters (K6 weight matrix)

Spatial lag of AEXP (WAEXP) -0.37
(0.384)
Spatial lag of ACRDT (WACRDT) -0.39
(0.299)
Spatial error term (We) 0.32
(0.022)
Panel C. Model diagnostics
Observations 1134
Provinces 81
Years 14
Log-likelihood -1354.1880
Wald ¥? (model) 4.90
Wald y? (spatial terms, p-value) 119.37(0.000)
Pseudo R? 0.082
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MODEL 2 - HAUSMAN TEST STATISTICS

Table Appendix A. 6 Hausman Test Results of Model 11

FE RE B-b Std.err
APOPD 306 241 064 043
AIMP 0.73 0.78 -0.00
AMGDP 039 045 -0.06
ACRDT 043 040 0.02
AEXP,_, -0.29 -0.23 -0.06 :
ECgc pam,, -012 000 -0.12 0.02
YEAR -0.11 -0.00 -0.11 0.16
Chi2 69.00
p-value 0.000
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MODEL 3 - FIXED EFFECTS

Table Appendix A. 7 Estimation Results of the Model 111 - Fixed Effects

Dependent variable: AEXP

Panel A. Short-run and error-
correction effects

Panel B. Spatial parameters
(K6 weight matrix)

Oil price growth (APOIL) 0.202** | Spatial lag of AIMP -0.098**
(0.080) | (WAIMP) (0.043)
Population density growth 1.029 Spatial lag of APOPD -2.894
(APOPD) (1.3091) | (WAPOPD) (0.043)
Import growth (AIMP) 0.050** | Spatial lag of AMGDP 0.150
(0.207) | (WAMGDP) (0.263)
Manufacturing GDP growth 0.239 Spatial lag of AEXP 0.012
(AMGDP) (0.172) | (WAEXP) (0.121)
Credit growth (ACRDT) 0.137 | Spatial error term (We) -0.209
(0.154) (0.152)
Lagged export growth -0.45*** | Panel C. Model
(AEXP;_,) (0.030) | diagnostics
Observations 1134
Error-correction term -0.39%** )
Provinces 81
(ECcon,_,) (0.029)
Years 14
Year trend -0.005 | Log-likelihood -1188.78
(0.005) | Wald y? (model) 360.08
Notes: Coefficier_1ts reported with rob_ust Wald 2 9.00
st eor npueneses S| gt pati) (000
standardised 6-nearest neighbour weight | Pseudo R2 0.04

matrix (K6). *, **, *** indicate
significance at the 10%, 5%, and 1%
levels, respectively.
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MODEL 3 - RANDOM EFFECTS

Table Appendix A. 8 Estimation Results of the Model 111 - Random Effects

Dependent variable: AEXP

Panel A. Short-run and error- Panel B. Spatial parameters
correction effects (K6 weight matrix)
Oil price growth (4APOIL) 0.211*** | Spatial lag of AIMP -0.102**
(0.073) | (WAIMP) (0.042)
Population density growth 2.961** | Spatial lag of APOPD -4.147**
(APOPD) (1.375) | (WAPOPD) (1.982)
Import growth (AIMP) 0.078*** | Spatial lag of AMGDP -0.146
0.022) | (WAMGDP) (0.256)
Manufacturing GDP growth 0.355 Spatial lag of AEXP 0.325***
(AMGDP) (0.182) | (WAEXP) (0.126)
Credit growth (ACRDT) 0.082 | Spatial error term (We) -0.445**
(0.137) (0.18)
Lagged export growth -0.26*** | Panel C. Model
(AEXP;_,) (0.029) | diagnostics
Observations 1134
Error-correction term -0.04***
Provinces 81
(ECcon,_,) (0.009)
Years 14
Year trend -0.000 | Log-likelihood -1334.13
(0.994) | Wald y»? (model) 193.85
Notes: Coefficients reported with robust | Wald »? 14.83
standard errors in parentheses. Spatial .
dependence modelled using a row- (spatial terms, p-value) (0.01)
standardised 6-nearest neighbour weight | Pseudo R? 0.1135
matrix (K6). *, **, *** indicate
significance at the 10%, 5%, and 1%
levels, respectively.
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MODEL 3 - HAUSMAN TEST STATISTICS

Table Appendix A. 9 Hausman Test Results of the Model 111 - Fixed Effects

FE RE B-b Std.err
APOIL 020 021 -0.00 0.03
APOPD 1.03 296 -193 0.21
AIMP 0.05 0.08 -0.03
AMGDP 024 036 -0.12 .
ACRDT 0.14 008 0.06 0.71
AEXP,_4 -045 -0.26 -0.19 0.00
ECgc con,., -039 -004 -036 0.27
YEAR -0.00 -0.00 -0.00 0.00
Chi2 163,28
p-value 0.000
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MODEL 3 - FIXED EFFECT ROBUSTNESS TEST STATISTICS

Table Appendix C. 1 Robustness Test for Model 111 — FE- Distance Matrix

Dependent variable: AEXP

Panel A. Short-run and error-
correction effects

Panel B. Spatial parameters
(K6 weight matrix)

Oil price growth (APOIL) 0.1840**

(0.080)
Population density growth 0.937
(APOPD) (1.402)
Import growth (AIMP) 0.477**

(0.020)

Manufacturing GDP growth 0.246

(AMGDP) (0.176)
Credit growth (ACRDT) 0.110
(0.147)
Lagged export growth -0.46***
(AEXP;_,) (0.297)
Error-correction term -0.40***
(ECCont_l) (0-03)
Year trend -0.006
(0.005)

Notes: Coefficients reported with robust
standard errors in parentheses. Spatial
dependence modelled using a row-
standardised 300 km inverse distance
weight matrix (1300). *, **, *** indicate
significance at the 10%, 5%, and 1%
levels, respectively.

Spatial lag of AIMP -0.123**
(WAIMP)) (0.060)
Spatial lag of APOPD -3.019
(WAPOPD) (2.640)
Spatial lag of AMGDP 0.209
(WAMGDP) (0.292)
Spatial lag of AEXP 0.145
(WAEXP) (0.141)
Spatial error term (We) -0.361*
(0.20)
Panel C. Model
diagnostics
Observations 1134
Provinces 81
Years 14
Log-likelihood -1187.57
Wald y? (model) 369.5
Wald 2 11.56
(spatial terms, p-value) (0.04)
Pseudo R? 0.039
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Figure Appendix B. 1 Time-series Boxplots
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9T1

Table Appendix B. 1 Pairwise Correlation Matrix

Variables @ ) 3) @) () (6) @ (8) Q) (10)
(1) EXP 1.00
(2) MGDP 0.80 1.00
(0.00)
(3) IMP 0.84 0.84 1.00
(0.00) (0.00)
(4) CRDT 0.78 0.87 0.80 1.00
(0.00) (0.00) (0.00)
(5) POIL -0.02 0.01 -0.02 -0.03 1.00
(0.40) (0.70) (0.50) (0.23)
(6) GEN 0.45 0.53 0.43 0.53 -0.38 1.00
(0.00) (0.00) (0.00) (0.00) (0.00)
(7) PAT 0.69 0.77 0.68 0.82 -0.10 057 1.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
(8) POPD 0.72 0.74 071 0.74 -0.03 0.40 0.66 1.00
(0.00) (0.00) (0.00) (0.00) (0.32) (0.00) (0.00)
(9) PSGR 0.46 0.48 0.45 0.66 -0.10 0.38 0.54 0.45 1.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
(10) ROAD 0.34 0.42 0.35 0.58 -0.03 0.21 0.43 0.01 0.49 1.00
(0.00) (0.00) (0.00) (0.00) (0.23) (0.00) (0.00) (0.76) (0.00)




C. DIRECT/INDIRECT/TOTAL EFFECTS

Model |

Table Appendix C. 2 The Impact of Macro-Financial Factors (K6 Matrix)

Effects Variable Marginal Effect
_0.240***
AEXPt_l (0 028)
0.078 ***
AIMP (0.021)
*k*k
Direct Effects AMGDP O'(A(f)Bfn)
0.285
ACRDT (0.245)
-0.028***
ECwmacrin,_, (0.008)
0.091***
AEXP,_, (0.020)
-0.030***
AIMP (0.010)
. - l 4**
Indirect Effects AMGDP (()0 (;371)
-0.108
ACRDT (0.102)
0.011***
ECMacFint_l (O 004)
_0.149***
AEXP,_, (0.027)
0.048***
AIMP (0.014)
Fhk
Total Effects AMGDP O£(3)01016)
0.177
_0.017***
ECMacFint_l (0 005)

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 6-nearest neighbour weight matrix (K6). *, **, *** indicate significance at
the 10%, 5%, and 1% levels, respectively.
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Model 11

Table Appendix C. 3 The Impact of Education and Innovation (K6 Matrix)

Effects Variable Marginal Effect
3.196**
APOPD (1.433)
0.076***
AIMP (0.021)
0.406**
. AMGDP (0.176)
Direct Effects 0.464
ACRDT (0.326)
-0.302***
ECram,., (0.029)
-0.126***
AEXP— (0.016)
-1.234**
APOPD (0.597)
-0.029***
AIMp (0.010)
-0.157**
. AMGDP (0.070)
Indirect Effects -0.331
ACRDT (0.361)
0.117***
ECram.., (0.022)
0.049***
AEXPe—y (0.011)
1.961**
APOPD (0.905)
0.047***
AIMP (0.014)
0.249**
AMGDP 0.118)
Total Effects 0.133
ACRDT (0.204)
-0.185***
ECram,., (0.030)
-0.077***
AEXP (0.012)

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 6-nearest neighbour weight matrix (K6). *, **, *** indicate significance at
the 10%, 5%, and 1% levels, respectively.
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Model 111

Table Appendix C. 4 The Impact of Connectivity (K6 Matrix)

Effects Variable Marginal Effect

APOIL 0&5;67*2’;*

APOPD 2(172;;;

*dek

aimp 0oz

Direct Effects AMGDP (203?%;
ACRDT (8:223)
ECoons,., oo
. ek

o

APOIL ‘200319)

APOPD _(i.it:;

. *

Armp (%.égi)

Indirect Effects AMGDP (_(?, ':?:33)
ACRDT (g:ggg)

. *

our

oo

rowy

APOIL 0&32395)

APOPD ( 21 ;f 87)

AIMP ( (;), '(()):5‘1')

Total Effects AMGDP (ggég)
ACRDT (gééi)

. ek

o

o

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 6-nearest neighbour weight matrix (K6). *, **, *** indicate significance at
the 10%, 5%, and 1% levels, respectively.
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Model 111
Table Appendix C. 5 The Impact of Connectivity (300 km Matrix)

Effects Variable Marginal Effect
0.237%**
APOIL (0.078)
2.837%*
APOPD (1.328)
0.070%**
AIMP (0.022)
*k
Direct Effects AMGDP (264230)
0.104
-0.280%**
ECcons,., (0.028)
-0.044%%*
AEXPr—y (0.009)
0.109*
APOIL (0.063)
-6.610%*
APOPD (3.089)
-0.129
AIMP (0.082)
Indirect Effects AMGDP (_8 '32;’5
0.048
ACRDT (0.066)
-0.129
ECCUnSt—l (0091)
-0.020
AEXPL-_l (O 015)
0.346%**
APOIL (0.094)
-3.773
-0.059
AIMP (0.083)
Total Effects AMGDP (gég%
0.152
-0.409%**
ECcons,_, (0.098)
-0.065%**
AEXP,_
t—1 (0.019)

Notes: Coefficients reported with robust standard errors in parentheses. Spatial dependence modelled
using a row-standardised 300 km inverse distance weight matrix (1300). *, **, *** indicate
significance at the 10%, 5%, and 1% levels, respectively.
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D. TURKISH SUMMARY / TURKCE OZET

Bu calisma, Tirkiye’de aymi para politikasina, ayni kur rejimine ve benzer ulusal
soklara maruz kalan seksen bir ilin neden bu kadar farkli ihracat performanslari
sergiledigini anlamaya yonelik bir ¢abanin iiriiniinii temsil etmektedir. Temel ¢ikis
noktasi olarak, ayn1 ulusal politika ¢ergevesi altinda yasayan illerin ihracat diizeyleri
ve ihracat biiyiime patikalarinin belirgin bigimde ayristig1 olgusu alinmaktadir. Ilave
olarak, bu ayrismanin arkasinda hangi yerel 6zelliklerin ve hangi mekansal etkilesim
kanallarinin bulundugu da arastirilmaktadir. Calismada, ozellikle iki ana kavram
etrafinda bir cergeve kurulmaktadir: “yerel kapasite” ve “ag baglantilar’”. Yerel
kapasite, dlcek ve imalat sanayi derinligi, beseri sermaye, yenilik kapasitesi, finansal
derinlik ve yerel kurumsal yapi gibi il i¢i faktorleri kapsamaktadir. Ag baglantilar ise,
iller aras1 ulastirma koridorlari, tedarik zinciri iligkileri, liman ve sinir kapisi erigimi,
uluslararast ugus ve yolcu akimlart ile komsu illerle kurulan ekonomik ve lojistik
baglar ifade etmektedir. Bu bakis acisiyla, il thracatinin yalnizca il i¢i 6zelliklerden
ibaret bir fonksiyon olmadig1, mekansal olarak birbirine bagli, gogu zaman birbirinden

etkilenen ve bazen de rekabet eden bir ag yapisi i¢inde sekillendigi varsayilmaktadir.

Calismada, kiiresel iiretim ve ticaret dinamikleri kisaca 6zetlenmekte, diinya mal
thracatinin son yillarda ulastig1 diizey ve biiyiik ekonomilerin bu yap1 i¢indeki agirligi
gosterilmektedir. Kiiresel 6lcekte ihracat hacmi genislerken, bu artisin iilkeler ve
bolgeler arasinda esit dagilmadigi, iiretim, lojistik ve deger zinciri aglarinin belirli
cekirdek alanlarda yogunlagsma egilimi gosterdigi tespit edilmektedir. Bu genel
fotografin ardindan Tiirkiye ekonomisinin yeri tartisilmakta; {ilkenin niifusu,
ekonomik biiyiikliigii ve diinya ihracatindaki pay1 c¢ergevesinde orta dlgekli, imalat

agirlikli bir ekonomi olarak konumlandig: belirtilmektedir.

2008 sonrasinda Tiirkiye’nin ihracat hacmini artirdii, ayni zamanda kiiresel
thracattaki paym da sinirli da olsa ytikselttigi gozlenmektedir. Ancak bu artis iilke
icinde homojen bir sekilde dagilmamakta, iller arasinda hem ihracat diizeyi hem de

kisi bagina ihracat bakimindan énemli farkliliklar devam etmektedir. Calisma, tam da
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bu noktada, “hangi illerin neden daha ¢ok ve daha hizli ihracat yaptig1” ve “bu siirecin

mekansal olarak nasil bir desen izledigi” sorularini birlikte yanitlamaya ¢aligsmaktadir.

Calismanin kuramsal arka plani, klasik dis ticaret teorilerinden baslayarak yeni dis
ticaret teorisi, yeni ekonomik cografya ve ¢ekim modelleri lizerinden mekansal
ekonometrik yaklagimlara dogru adim adim genisletilmektedir. Ricardo’nun
karsilastirmali tistlinliik yaklagimi ile Heckscher—Ohlin modelinin, iilkeler ve bolgeler
arasindaki {retkenlik ve faktor donanimi farkliliklarina dayanan uzmanlasma
mekanizmasini agikladigi; faktor fiyat esitlenmesi, Stolper—Samuelson ve Rybczynski
teoremlerinin bu c¢erceveyi tamamladigr hatirlatilmaktadir. Ancak ayni faktor
donanimina sahip ya da benzer beseri sermaye diizeyine sahip bolgeler arasindaki
ticaret hacmi farklarinin ve iiretim cografyasindaki yogunlagsmanin yalnizca bu
cergeveyle tam olarak agiklanamadigi vurgulanmaktadir. Bu nedenle, artan getiriler,
iriin farklilagtirmasi ve eksik rekabet lizerine kurulu yeni dis ticaret teorisinin ve
yigilma ekonomileri, pazar erisimi ve tasima maliyetleri {izerine odaklanan yeni
ekonomik cografyanin sagladigi araglar devreye girmektedir. Bdylece imalat
sanayinin yapi ve derinliginin, il diizeyi gelir ve 6l¢ek gostergelerinin, ulastirma
altyapisi ve erisilebilirligin, pazar potansiyeli ve beseri sermaye birikiminin il

ihracatini neden yakindan ilgilendirdigi kuramsal olarak temellendirilmektedir.

Calismada ayrica ¢cekim modeli literatiirii ve mekansal bagimlilik tartismalart ele
alinmakta, klasik yercekimi denkleminden ¢ok tarafli diren¢ terimleri iceren mikro
temelli modellere ve oradan mekansal otoregresif yapilara uzanan teorik ve ampirik
doniisiim 6zetlenmektedir. Ticaret akimlarinin mekansal etkilesimli dogasinin ithmal
edilmesinin, parametre tahminlerinde sistematik yanliliklara yol agabilecegi
belirtilmektedir. Anselin, LeSage & Pace ve Elhorst’un katkilari c¢ergevesinde,
mekansal gecikme ve mekansal hata modellerinin panel baglamda nasil gelistirildigi
aktarilmakta; boylece ilerleyen boliimlerde kurulacak dinamik mekansal panel hata

diizeltme modeline hem teorik mesruiyet hem de yontemsel zemin saglanmaktadir.

Ampirik literatiir, illerin ve bdlgelerin ihracatin1 aciklamaya yonelik caligmalar
lizerinden sistematik bicimde incelenmektedir. Farkli iilke 6rneklerinde kullanilan
degisken setlerinin ¢ogu zaman parcali ve oOrtiisen bir yap1 sergiledigi saptanmakta; bu

da kimi zaman degiskenler arasinda nedensel iligki kurulmasini giiglestirmektedir.
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Caligmada, bu daginik goriiniim toparlanmakta ve ihracatin belirleyicileri bes ana
kanal altinda yeniden siniflandirilmaktadir: ekonomik biiyiikliikk ve sanayi yapisi;
altyapi, erisilebilirlik ve baglantisallik; beseri sermaye, bilgi ve inovasyon; kurumsal
ve politik ortam; dis pazar ve ticaret baglantilari. Bu sayede, literatiirde farklh
caligmalarda kullanilan niifus, kisi bagina gelir, toplam faktor verimliligi, imalat pay1,
altyap1 gostergeleri, liman ve kap1 erigimi, lojistik performans endeksleri, patent ve
marka sayilari, yiiksekogrenim orani, kamu harcamalari, hukukun {stlinligi,
dogrudan yabanci1 yatirim ve dis talep gostergeleri gibi degiskenler ortak bir ¢ergeveye

oturtulmaktadir.

Tirkiye’ye odaklanan ¢aligmalar incelendiginde, liman ve sinir kapilarina yakinligin,
yigilma ekonomilerinin, ithalat kompozisyonunun ve lojistik altyapinin il ihracatim
giiclendirdigi bulgular1 6ne ¢ikmaktadir. Ancak s6z konusu c¢aligsmalarin 6nemli bir
kisminin statik mekansal modellere dayandigi; uzun donem ihracat denklemleri
kurmadigi, mekansal modellerde esbiitiinlesme iligkilerini ve hata diizeltme
dinamiklerini icermedigi goriilmektedir. Panel ARDL ve hata diizeltme modellerini
kullanan ¢aligmalar ise genellikle ihracat-GSYH iliskisine odaklanmakta, il
ithracatinin ¢ok boyutlu belirleyicilerini ve mekansal etkilesim kanallarin1 kapsamli
bi¢cimde ele almamaktadir. Bu ¢alisma, tam da bu noktada, seksen bir il i¢in hem uzun
donem esbiitiinlesme iliskilerini hem kisa donem dinamikleri hem de mekansal
bagimlilig1 dikkate alan dinamik bir mekansal hata diizeltme modeli 6nermekte ve
uygulamaktadir. Bu yoniiyle, Tiirkiye’de il ihracatini dogrudan bagimli degisken
olarak alan, hata diizeltme terimiyle uzun doénem iligkiyi agik¢a tanimlayan ve bunu
dinamik mekéansal panel modellerle birlestiren ilk Orneklerden biri olma iddiasi

tasimaktadir.

Caligmanin veri seti, 2008—2023 doneminde seksen bir ilin tamamini kapsayan dengeli
bir yillik panelden olusmaktadir. Bagimli degisken, firmanin kayitli oldugu ile gore
tanimlanan mal ihracatidir. ilgili Kurum ve Kuruluslardan temin edilen ihracat, ithalat,
imalat katma degeri ve nakdi kredi stoku gibi parasal seriler, gerekli durumlarda Tiirk
lirasindan ABD dolarina cevrilmekte; sonrasinda ABD TUFE endeksi kullanilarak
2024 yili sabit dolarma deflate edilmekte ve dogal logaritma formuna

dontstiirilmektedir. Boylece serilerin hem zaman i¢i hem de iller arasi

123



karsilastirilabilirligi artirilmakta, u¢ gdzlemlerin etkisi yumusatilmaktadir. insan
sermayesi ve yenilik kapasitesi, il diizeyinde yiiksekdgrenimde kadin/erkek orani ve
tescilli patent sayisi ile temsil edilmekte; patentler i¢in log(1+PAT) doniisiimii
kullanilmaktadir. Niifus baskis1 ve yerel pazar potansiyeli, kilometrekare basina diisen
niifus yogunlugu ile; fiziksel altyap1 ve baglantisallik ise uluslararasi yolcu sayisi ve
toplam asfalt yol yogunlugu ile 6l¢iilmektedir. Tim bu degiskenler, ¢alismanin
kuramsal c¢ercevesine uygun bicimde bes kavramsal blok altinda yeniden

gruplanmaktadir.

Mekansal boyutun kurulabilmesi ic¢in, Tiirkiye’nin seksen bir ilinin her biri bir
mekansal birim olarak ele alinmakta; Harita Genel Miidiirliigii’nden temin edilen sinir
ve merkez noktasi bilgileri cografi bilgi sistemlerinde islenerek seksen bir ¢arp1 seksen
bir boyutunda bitisiklik ve mesafe matrisleri elde edilmektedir. Bu bilgilerden
hareketle iki temel mekansal agirlik matrisi tanimlanmaktadir. Birincisi, her ilin en
yakin alt1 komsusuna baglandig1 k-en yakin komsu matrisi; ikincisi ise il merkezleri
aras1 mesafenin ii¢ yiiz kilometreyi asmadig1 komsu ¢iftlerini iceren, mesafenin tersine
dayali mesafe bandi matrisidir. Her iki matriste de kosegen elemanlar sifir alinmakta,
satir standartlastirma yoluyla her ilin komsu agirliklarinin toplaminin bire esit olmast
saglanmaktadir. Cografyanin ¢alisma donemi boyunca degismez oldugu varsayimi

altinda, bu matrisler zamana gore sabit kabul edilmektedir.

Betimsel analizler, Tiirkiye’nin ihracat cografyasinin belirgin bir ¢ekirdek—cevre
yapist sergiledigini gostermektedir. Log reel ihracatin ortalamasi yaklasik on dokuz
diizeyinde iken, bazi illerde belirli yillarda hi¢ ihracat yapilmamasi nedeniyle
minimum deger sifira kadar diismekte, maksimum deger ise yirmi besin {izerine
ctkmaktadir. Dagilimin iist kuyrugu Istanbul ve birkag biiyiik sanayi ve liman kentinde
yogunlagmakta; imalat katma degeri ve ithalatta da benzer bir yogunlagma Oriintiisii
dikkat cekmektedir. Kredi stoklar1 daha dengeli bir dagilim sergilerken, patent ve
egitim gostergelerinin 6zellikle birkag teknoloji merkezinde toplandigi goriilmektedir.
Niifus yogunlugu ve uluslararasi yolcu trafigi biiylik metropollerde yiiksek seviyelere
ulasmakta, yol yogunlugu ise gorece daha homojen bir &riintii sunmaktadir. Iki bin
sekiz ve iki bin yirmi {i¢ yillarma ait ihracat haritalari, Marmara—Ege—I¢ Anadolu

eksenli biiyiik merkezlerin agirligini korudugunu; ancak zamanla bazi Anadolu
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illerinin de tonunun koyulastigini, yani gorece daha hizli biiyliyen yeni ihracat
odaklarinin ortaya ¢ikmakta oldugunu gostermektedir. Sigma yakinsama analizi,
ozellikle kisi basina reel ihracatta iller aras1 farkliliklarin belirgin bigimde azaldigini,
yani sigma yakinsamasi bulundugunu ortaya koymaktadir. Bu bulgular, her ne kadar
cekirdek—cevre yapisi devam etse de, bazi gevre illerin goreli konumunu iyilestirmeye

basladigina isaret etmektedir.

Yontemsel ¢ergevede, oncelikle veri setinin zaman serisi ve panel Ozellikleri test
edilmektedir. Pesaran’in yatay kesit bagimlilik testi, hemen tiim ana degiskenlerde
giiclii bir yatay kesit bagimliligi bulundugunu gostermekte; bu durum illerin
birbirinden bagimsiz oldugunun diisiiniilemeyecegini, ortak soklar ve mekansal
etkilesimler nedeniyle bir ilde yasanan gelismelerin diger illeri de etkileyebilecegini
ortaya koymaktadir. Pesaran’in CADF ve CIPS panel birim kok testleri, ihracat ve
ithalat (duragan) harig diger degiskenlerin diizeyde birinci dereceden biitiinlesik (I(1)),
birinci farklarda ise duragan oldugunu gostermektedir. Bu tespit, sahte regresyon
riskini azaltmak ve uzun donem iligkileri saglikli bicimde modellemek i¢in panel hata

diizeltme yaklagimlarinin kullanilmasini zorunlu kilmaktadir.

Bu ¢ercevede ¢alisma, ili¢ kavramsal blok i¢in ayr1 ayr1 “cross-sectionally augmented”
hata diizeltme modelleri tahmin etmektedir. Makro—finans blogunda, imalat katma
degeri, ithalat ve kredi stokunun diizey degerleri ile gecikmeli ihracat {izerinden uzun
donem denge denklemi kurulmakta; bu denge iliskisinin sapmalarini temsil eden hata
diizeltme terimi modele dahil edilmektedir. Egitim—inovasyon blogunda,
yiiksekogrenimde kadin/erkek orani, patent sayisi ve niifus yogunlugu uzun dénem
bilesenini olusturmaktadir. Altyapi—erisilebilirlik—baglantisallik blogunda ise yol
yogunlugu, uluslararasi yolcu sayisi ve yine niifus yogunlugu uzun dénem kismina
alinmaktadir. Her {i¢ blokta da, bagimli degisken olarak ihracatin biiylime oram
(AEXP) kullanilmakta; aciklayic1 degiskenlerin farklari kisa donem etkileri temsil
etmektedir. Yatay kesit ortalamalarinin modele eklenmesiyle, iilkedeki ortak soklarin

ve gézlemlenemeyen faktorlerin etkisinin sinirlandirilmasi amaglanmaktadir.

Elde edilen sonuglar, ihracatin makro—finans ve egitim—inovasyon bloklarinda
tanimlanan uzun doénem dengeye dogru hizli bir uyum sergiledigini, baglantisallik

blogunda ise uyum hizinin daha yavas oldugunu gostermektedir. Makro—finans ve
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egitim—inovasyon bloklarinda hata diizeltme katsayilar1 birin mutlak degerine yakin,
negatif ve istatistiki olarak son derece anlamli bulunmakta; bu durum denge
sapmalarinin bir y1l i¢inde bliyiik 6l¢lide giderildigine isaret etmektedir. Baglantisallik
blogunda ise hata diizeltme katsayis1 mutlak degerce daha diistik olmakta, uyumun iki—
lic yila yayilan kademeli bir siire¢ oldugu anlagilmaktadir. Kisa dénem tarafinda,
ithalat biiylimesinin ii¢ blokta da ihracat biiylimesini destekledigi; imalat biiyiimesinin
Ozellikle makro—finans blogunda anlamli bir etkisi bulundugu; kredi stokundaki
degisimlerin ise genellikle zayif ve kararsiz bir iliski sergiledigi tespit edilmektedir.
Egitim—inovasyon ve baglantisallik bloklarinda tek tek degiskenlerin uzun donem
katsayilar1 her zaman net ve istikrarli olmayabilmektedir. Buna karsin hata diizeltme
terimlerinin biiyiikliigli, bu bloklarin birlikte tanimladig: bilesik bir denge seviyesine

dogru uyumu dogrulamaktadir.

Mekansal modele gegilmeden Once, hata diizeltme modellerinin kalintilart {izerinde
Moran’in [ istatistigi hesaplanmakta ve ozellikle makro—finans ve baglantisallik
bloklarinda anlamli mekansal bagimlilik izleri bulundugu goriilmektedir. Bu bulgu,
mekansal olmayan modellerin cografi bagimlilig1 biitiintiyle ortadan kaldirmadigini,
iller arasi etkilesimlerin model disinda birakilamayacagini gostermekte ve dinamik

mekansal hata diizeltme modellerine gecisi gerek¢elendirmektedir.

Calismanin temel ampirik araci, gecikmeli ihracati, ihracatin mekansal gecikmesini,
belirli agiklayic1 degiskenlerin mekansal gecikmelerini ve ilgili bloklara ait hata
diizeltme terimlerini birlikte iceren dinamik bir mekansal hata diizeltme modelidir. Bu
yapi, Spatial Durbin ve SARAR tipi modellerin 6zelliklerini birlestirmektedir.
Boylelikle, hem bagimli degisken hem agiklayici degiskenler tarafinda mekansal
etkilesimleri hem de hata terimlerinde mekansal iliskiyi model dahilinde tutmaktadir.
Model, il ve yil sabit etkileri igermekte; boylece gozlemlenemeyen, zamana gore
degismeyen il oOzellikleri ile ortak donem soklarinin etkisi kontrol altinda
tutulmaktadir. Tahmin siirecinde, paneldeki sabit etkilerin varligt ve Orneklem
biiytikliigii dikkate alinarak, Lee ve Yu tarafindan gelistirilen ve sabit etkilerin uygun
doniistimlerle temizlenmesini saglayan bir Quasi-Maksimum Olabilirlik yaklagimi
kullanilmaktadir. Mekéansal katsayilarin dogrudan yorumlanmasinin yaniltic

olabilecegi bilindiginden, LeSage ve Pace tarafindan 6nerilen ¢ergeveye paralel olarak
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dogrudan (il i¢i), dolayli (komsu illere tagan) ve toplam etkiler hesaplanmakta, politika

yorumlar1 bu ayristirma iizerinden yapilmaktadir.

Dinamik mekansal hata diizeltme sonuglari, ii¢ blok i¢in benzer yapida ancak tonlar
farkli bulgular ortaya koymaktadir. Makro—finans modelinde, kisa donemde ithalat ve
imalat biiylimesinin il ihracat biiyiimesini anlamli ve pozitif bicimde destekledigi;
gecikmeli ihracat biiylimesi katsayisinin ise negatif bulundugu tespit edilmektedir. Bu
durum, bir y1l olaganiistii hizli biiyliyen illerin ertesi yil kismi bir normallesme, yani
ortalamaya doniis egilimi sergiledigine isaret etmektedir. Hata diizeltme teriminin
katsayisi, makro—finans dengesinden sapmalarin yaklasik {g¢te birinin her yil
giderildigini gostermektedir. Mekansal tarafta, komsu illerin ihracat biiylimesini
temsil eden mekansal gecikmeli degiskenin katsayisi negatif ve istatistiki olarak
anlamli bulunmakta; bu da komsu illerdeki hizli ihracat artisinin ilgili ilin bilylimesini
kismen frenleyebildigini gostermektedir. Buna karsilik mekansal hata bileseni pozitif
ve anlamli olup, ortak soklarin mekanda yayilmasiyla uyumlu bir yapi ortaya

koymaktadir.

Egitim—inovasyon modelinde, niifus yogunlugu, ithalat ve imalat biiylimesinin kisa
donemde kendi ilinin ihracatini anlaml bicimde artirdigi; buna karsilik komsu illere
yonelik dolayl etkilerin ¢cogu zaman negatif yonlii oldugu goriilmektedir. Yogunluk
artis, il icinde yi8ilma ekonomileri ve pazar erisimi kanaliyla ihracat biiyiimesini
desteklerken, yakin ¢evrede kismi bir ¢cekim merkezi etkisi yaratarak komsu illerin
goreli konumunu zayiflatabilmektedir. Bu blokta hata diizeltme katsayis1 mutlak deger
itibartyla daha diisiik olup, egitim ve yenilik gostergelerinin tanimladigi dengeye

uyumun daha yavas ve kademeli bir bigimde gerceklestigine isaret etmektedir.

Altyapi—baglantisallik modelinde, gecikmeli ihracat biiylimesi katsayis1 daha ytiksek
mutlak degere sahip negatif bir deger almakta, bu da ortalamaya doniis egiliminin bu
blokta daha giiclii olduguna isaret etmektedir. Baglantisallik bloguna ait hata diizeltme
katsayisi, connectivity kaynakli sapmalarin her yil yaklasik yiizde kirkinin telafi
edildigini gostermektedir. Kisa donemde ithalat biiylimesi ve petrol fiyatlarindaki
artisin il ihracatin1 destekledigi; imalat, kredi ve niifus yogunlugundaki yillik
degisimlerin ise anlamli bir kisa donem etkisi olmadig: tespit edilmektedir. Petrol

fiyatinin ihracati destekleyici yonde c¢alismasi, Tirkiye’nin enerjiyle iliskili ihracat
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bilesenleri ve fiyat-miktar dengesi lizerinden yorumlanmaktadir. Mekansal tarafta,
komsu illerin ithalat ve niifus yogunlugu artiglari, ilgili ilin ihracat biiyiimesini negatif
yonde etkileyebilmekte; bu bulgu, giiglii ve iyi baglantili komsularin bir noktadan

sonra rekabet baskis1 yaratabildigine isaret etmektedir.

Tiim modeller birlikte degerlendirildiginde, kisa donemde ithalat biiylimesinin ii¢
blokta da en istikrarli pozitif belirleyici oldugu sonucuna varilmaktadir. Uzun
donemde ise imalat katma degeri, ihracatin diizeyini belirleyen temel reel degisken
olarak 6ne ¢ikmaktadir. Egitim—inovasyon ve baglantisallik gdstergeleri, cogu zaman
tek tek katsayilar tizerinden degil, hata diizeltme terimleri aracilifiyla, ihracatin
oturdugu denge seviyesinin bilesik bilesenleri seklinde calismaktadir. Mekéansal
etkilesimler agisindan en dikkat ¢ekici bulgu, komsu illerin ihracat biiyiimesini temsil
eden mekansal gecikmeli degiskenlerin 6zellikle makro—finans ve egitim—inovasyon
bloklarinda negatif katsayilara sahip olmasidir. Bu durum, komsu illerin ihracati
arttik¢a ilgili ilin biiyiime hizinin bir miktar frenlendigini; dolayisiyla “paylasilan
biiyiime”den ¢ok “bdlgesel rekabet” deseninin 6ne ¢iktigini diisiindiirmektedir. ithalat,
imalat ve niifus yogunlugu gibi temel degiskenlerin komsu illerdeki artiglar1 da cogu
kez negatif dolayli etkilere yol agmakta; ozellikle yogun ve iyi baglantili biiyilik

merkezlerin ¢evresinde bu dislayici etkiler daha belirgin hale gelmektedir.

Calismanin sonug¢ kisminda, elde edilen bulgular hem yontemsel katki hem de politika
onerileri ¢cercevesinde yeniden ele alinmaktadir. Yontemsel acidan, il bazinda ihracati
dogrudan bagimli degisken alan, hata diizeltme terimiyle uzun donem iliskiyi acik¢a
tanimlayan ve bunu dinamik mekansal panel modellerle birlestiren bir ¢erceve
sunulmakta; boylece kisa donem dinamikleri, uzun dénem uyarlama siireci ve
mekansal tagsmalar ayn1 model i¢inde birlikte incelenebilmektedir. Bu yap1, Tiirkiye’de
ve benzer lilke orneklerinde il ve bdlge diizeyindeki ihracat ¢aligsmalaria referans

olabilecek esnek ve genisletilebilir bir iskelet sunmay1 amaglamaktadir.

Politika perspektifinden bakildiginda, iic temel mesaj 6ne ¢ikmaktadir. Birincisi, il
diizeyinde ihracat biiylimesinin giiclii bi¢cimde reel temellere dayandigi; imalat
kapasitesi, ithalat tizerinden kiiresel deger zincirlerine entegrasyon, yigilma
ekonomileri ve baglantisalligin bu siirecte basat rol oynadigi anlagilmaktadir. Finansal

derinlesme ise bu resimde tamamlayici ama ikincil bir rol iistlenmekte; kredi hacmini
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genisletmeye yonelik politikalarin tek basma kalic1 bir ihracat artig1 yaratmasinin
beklenmemesi  gerekti§i ortaya konulmaktadir. lIkincisi, hata diizeltme
mekanizmalarinin varligr ve giicii, sistemin uzun donem dengesinden sapmalar
karsisinda dagilmadigini, tersine dengeye donme egiliminde oldugunu gostermekte;
bu durum, uzun vadeli sanayi, egitim ve altyapi politikalarinin etkilerinin zaman i¢inde
birikerek goriiniir hale gelebilecegine isaret etmektedir. Ugiinciisii, mekansal
tagsmalarin yonii, yerel kapasiteyi giiclendiren adimlarin her zaman komsu iller igin
pozitif digsallik tretmedigini, aksine bdlgesel rekabeti keskinlestirebildigini
gostermektedir. Bu nedenle sanayi, inovasyon ve altyap1 politikalarinin yalnizca tek
tek illeri degil, fonksiyonel bolgeleri ve komsu iller arasindaki tamamlayiciligi
hedefleyecek sekilde, esgiidiimlii ve biitlinciil bir anlayisla tasarlanmasi1 gerektigi

vurgulanmaktadir.

Calisma, kendi smirlarmin da farkinda olarak, kullanilan veri setinin yillik ve il
diizeyinde oldugunu; firmalar arasi heterojenlik, sektor i¢i yap1 ve iiriin kompozisyonu
gibi unsurlarin bu cer¢evede dogrudan izlenemedigini belirtmektedir. Yontemsel
acidan dogrusal mekansal panel yapilar tercih edilmekte; olasi dogrusal olmayan
dinamikler, esik etkileri veya ¢ok katmanli ag yapilari analiz disinda kalmaktadir.
Buna ragmen, gelistirilen cergevenin gelecekte {iriin gruplari, sektorler, serbest
bolgeler veya deger zinciri aglar1 diizeyinde yapilacak arastirmalar i¢in giiglii ve
kullanilabilir bir baslangic noktasi sunabilecegi diisiiniilmektedir. Sonu¢ olarak
calisma, Tiirkiye’ nin ihracatini yalnizca toplam degerler iizerinden okunan tek boyutlu
bir zaman serisi olarak degil, seksen bir ilin etkilesimiyle olusan, mekansal ve
zamansal katmanlar1 i¢ ige ge¢mis, dinamik bir siire¢ olarak ele almakta; bu siirecin
daha 1y1 anlagilmasinin, daha dengeli ve siirdiiriilebilir bir bolgesel kalkinma ve ihracat

stratejisi i¢in vazgegilmez oldugu degerlendirmesini yapmaktadir.
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