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Abstract

Building on the early advances in development economics, the theoretical construct of the New Eco-

nomic Geography asserts that geography plays a crucial role in educational human capital accumulation.

Based on this expectation, this study investigates the impact market access on provincial human capital

accumulation in Turkey. Results indicate that market access matters for understanding why some re-

gions lag behind others in terms of average years of schooling. Our results are robust to the inclusion of

spatial mechanisms, different specifications of the spatial weight matrix, endogeneity and alternative mea-

surements of market access and to a host of other factors that affect regional human capital accumulation.

Keywords: human capital, market access, Turkey

JEL Classification: R11, R12

∗Department of Economics and Finance, Piri Reis University, 34940 Istanbul Turkey. Email: bckarahasan@pirireis.edu.tr.
†Department of Economics, MEF University, 34396 Istanbul Turkey. Email: bilgelf@mef.edu.tr.

1



1 Introduction

Technological advances, productivity improvements and resource allocation efficiency have been central to

economic theory (Solow, 1956; Lucas, 1988; Romer, 1994). Theoretical developments give momentum to

applied work in understanding the mechanisms of exogenous and endogenous growth models. Majority of

these empirical studies investigate the reasons and sources of between- and within-country differences (Barro

and Sala-i Martin, 1995; Sala-i Martin, 1994; Howitt, 2000). However, distribution of the factors that explain

economic growth differences across and within countries is also a vital research area for development eco-

nomics. Among various dimensions, human capital development has been central to growth and development

economics (Benhabib and Spiegel, 1994). Specifically, educational human capital accumulation facilitates

various lines of economic growth such as earnings and productivity enhancements, social and economy wide

developments, division and coordination of labor, among the others (Becker, 1964).

Educational human capital accumulation is a crucial element for economic prosperity. Therefore, reasons

behind its distribution across and within countries become a vital line of research for development economics.

One common way of approaching to human capital based differences stems from incentives, returns of educa-

tion and the positive effect of educational policies (Psacharopoulos, 1988). A growing body of work questions

the endogenous link between human capital accumulation and economic development by emphasizing the

importance of geographical linkages and market-based incentives in order to stimulate human capital de-

velopment. These recent discussions originate from the role of agglomeration economies in understanding

differences in the level of economic activity (Krugman, 1991). Indeed, Gallup et al. (1999); Henderson et al.

(2001) suggest that geography is important not only because increasing returns matter but also many eco-

nomic and social dimensions of inequalities have a geographic dimension. While neo-classic theories consider

the importance devoted to geography by specifying first nature advantage, New Economic Geography (NEG)

literature discusses the role of agglomeration economies in understanding the local differences in the level of

economic activity (Krugman, 1991). Developments in the NEG reached a milestone upon the use of market

accessibility concept for explaining per capita income disparities across countries. (Redding and Venables,

2004a,b). Note that, NEG framework initially concentrates on economic and monetary inequalities. Increas-

ing returns, existence of externalities and the spillover of knowledge are essential elements, which are used

by the NEG approach to explain the geographical differences in the level of economic activity. The success

of this framework in explaining the ongoing regional disparities encourage further studies to understand the

impact of geography on the sources of economic growth inequalities.

The formulation of NEG originates from agglomeration economies and possible externalities of market

accessibility. While these domains influence economic well-being, different channels can be effective in order
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to understand the relationship between the determinants of economic growth and agglomeration economies.

Revisiting productivity and technology differences, the NEG literature explains the pattern of regional in-

tegration and factor accumulation by using their own formal models. Coe and Helpman (1995); Coe et al.

(1995); Keller (2000) discuss the negative impact of distance on technological spillovers, however it is Red-

ding and Schott (2003) to discuss the endogenous evolution of production factors (i.e. human capital) within

an augmented NEG model.

While distance is a negative factor for the integration and spillover of economic activity, other dimen-

sions such as trade, income and economic potential are mostly neglected. The NEG framework enables the

embedding of different economic indicators into an accessibility measure. In this new formulation, distance

acts as a compound factor (i.e. iceberg transportation costs) that influences the impact of different economic

variables. This market accessibility and potential (market access hereafter) forms the backbone of agglomer-

ation economies and externalities within the NEG models. Specifically, two strands of literature use market

access. While some studies directly focus on the impact of market access on the level of economic activity

(Hanson, 2005; Head and Mayer, 2006), another line examines the relationship between market access and

the endogenous accumulation of production factors (Redding and Schott, 2003). The former specification is

interested in the dispersion of wages, productivity differences and economic activity variation whereas the

latter tends to understand how production factors (i.e. human capital) vary based on the distribution of

market accessibility.

Originating from the development aspects of geographical disparities, this research relies on the second

line of literature and questions the extent of the link between market access and human capital development.

Based on the NEG framework, geographically central firms and regions that escape the curse of distance earn

more profits and generate extra value-added to production factors (i.e. skilled premium to educated workers).

Therefore, expecting higher wage premiums in central locations is a stimulus for individuals to invest more

in human capital development. A growing body of empirical work suggests that regions that have higher

market access are also the ones with more human capital accumulation. (Redding and Schott, 2003; Faíña

and López-Rodríguez, 2006; López-Rodríguez et al., 2007; Diebolt and Hippe, 2018; López-Rodríguez et al.,

2019).

The NEG model receives considerable attention for developed countries; however, little is known about

the relationship between market access and human capital in developing and less developed countries. In a

recent discussion, Amaral et al. (2010) assesses a developing country case, Brazil, by only focusing on regional

disparities measured by wages. López-Rodríguez et al. (2011) validates the positive impact of spatiality

and geographical accessbility on wage distribution for Romania. Similarly, López-Rodríguez et al. (2014);

López-Rodríguez (2015) explores the Polish case by suggesting that market accessbility is an important
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part of regional disparities in a developing country example. Similarly, Karahasan et al. (2016) highlights

that market access explains the spatial distribution of wage disparities across the Turkish regions. While

geographical proximity and market access are linked with regional disparities, , evidence is lacking for

developing countries once the impact of market access on production factor (i.e. human capital) dispersion

is considered. One exception is López-Rodríguez et al. (2019) who suggest that market access influences

human capital distribution across the Romanian regions. From a different perspective, Alvarado et al. (2014)

argue that the influence of market access on regional disparities in Ecuador can be influenced from human

capital-based differences; however this relationship among these domains (market access, human capital

development, regional disparities) can be affected by the nation-wide development level of the countries.

Therefore, the central objective of this research is to investigate the link between market access and human

capital development for a developing country, Turkey, suffering from a substantial level of regional disparities.

While one strand of the Turkish literature focuses on the socio-economic development of different segments

of the society through gender, ethnicity and age decomposition, another line of research explores the regional

dimension (Doğruel and Doğruel, 2003). In this study, we investigate the NUTS III (Nomenclature of Units

for Territorial Statistics - III) level regions (81 provinces) of Turkey for the 2008-2017 period. In order to

understand how the socio-economic change in Turkey influences regional development patterns, we test the

NEG model by comparing the regional evolution of market access and average years of schooling. While

doing this, we take into account spatial externalities, endogeneity of market access, regional heterogeneities

and other factors that are likely to influence regional human capital development differences.

This study contributes to the existing literature through empirical and methodological perspectives.

Moreover, we argue that our findings give more room for development economics to discuss the peculiar

nature of geographical proximity especially in developing and less developed countries. From an empirical

perspective, focusing on the reasons behind regional differences in human capital accumulation stands as a

valuable contribution. Even though empirical studies use human capital as an important element for regional

and cross-country differences, the number of applications to examine the reasons behind the evolution of

human capital gaps is limited. Similarly, as much as a rich body of literature examines how market

access can affect regional variation of economic activity within the NEG’s formulation, the reasons behind

the accumulation of human capital are relatively less investigated. Regardless of the preferred approach

(interest on economic activity or human capital) the majority of evidence for the NEG comes from developed

countries.

Based on the under-investigation of developing countries within the NEG literature, examining Turkey

as a developing country case is an additional empirical contribution. We consider Turkey to be important

and peculiar based on two important characteristics of the Turkish economy: (i) Persistent regional duality
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between underdeveloped east and developed west, (ii) Continuous transformation and change in institutional,

economic and social environment of Turkish economy during the last two decades.

Regional disparities in Turkey is a remarkable part of development concerns. Although different policy

measures are considered to combat disparities, results are mostly unsuccessful in closing the gap between

eastern and western parts of the country. Therefore, there is a great need to understand the impact

of agglomeration economies on economic activity and factor distribution in Turkey. Although different

dimensions of inequalities have been considered in Turkey (Filiztekin, 1998; Doğruel and Doğruel, 2003;

Gezici and Hewings, 2007), attempts to implement the NEG framework are relatively scarce. There is

no discussion on how agglomeration may alter human capital-based factor dispersion, notwithstanding the

link between market access and wages has been tested for the 1980-2000 period (Karahasan et al., 2016).

However, our existing knowledge on human capital-based disparities confirm that Turkey is one of the

significant examples, among developing countries, that suffers from clear human capital-based disparities

(Erdem, 2016).

An additional dimension of our study is related to the period analyzed, which corresponds to a significant

transformation of economic and social institutions in Turkey. As Cizre and Yeldan (2005); Lagendijk et al.

(2009) argue, post-2000s represent rapid adjustment and change in various grounds. Economic institutions

that influence macro-policies and social setups, which can affect poverty and inequality-motivated policies,

are in a flux during the post-2000s in Turkey. Evidence also suggest that regional disparities are extremely

persistent and stand historically, a long-run policy choice for Turkish economy (Doğruel, 2006). Therefore,

market-driven aspects of educational disparities are important aspects of our study in order to understand

how market accessbility affects regional human capital gaps during a period of rapid change and transforma-

tion in a developing country. To the best of our knowledge, no attempt has been made in order to understand

various dimensions of agglomeration and market accessibility for the post-2000s in Turkey.

Methodologically, we aim at contributing to other studies testing the NEG framework by carrying out

a number of exercises to test the robustness of the empirical results of the NEG model. First, we control

for the impact of spatial externalities, which has not been central to the NEG model. Albeit there are

attempts to include a battery of spatial models into the NEG model (Karahasan and López-Bazo, 2013),

discussions on the direct and the indirect influences of spatial mechanisms on the true link between market

access and human capital accumulation are missing. We treat spatial channels not only as basic controls

in our econometric specifications but also foresee that the inclusion of spatial mechanisms may alter other

sub-channels that are likely to influence the link between market access and human capital accumulation.

This enables us to discuss the policy dimension regarding accessibility and the impact on the incentives to

invest in human capital accumulation.
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A related dimension of the methodological contributions lies in the investigation of the mechanisms

between human capital accumulation and regional evolution of market accessbility. Potentially, identifying

how individuals decide education investment is central to the proposed theoretical setup. One vital threat to

our identification strategy is the endogeneity of market access. Moreover, other dimensions and mechanisms

related with the labor markets of regions (i.e. skill sorting and attractiveness of city centers) are not directly

central to the theoretical model. Failing to consider these problems may result in inconsistent estimates

of the effects of market access on human capital accumulation (Combes et al., 2008; Redding, 2010). As

labor market policies and regional development are both central for spatial cohesion, especially in developing

countries like Turkey, more effort is required to understand the background behind human capital disparities.

Even though no consistent regional wage and occupation data is available at regional level for the analysis

period, we control for the possible endogenous relations between educational human capital and accessibility

of Turkish regions. Our robustness exercises provide evidence on the validity of the NEG framework for a

developing country and help shape the extent and efficiency of regional policies to combat human capital-

based inequalities.

Section 2 overviews the theoretical background, section 3 introduces the empirical strategy, section 4

reports the results, section 5 discusses the policy implications derived from the comparison of two different

approaches and section 6 concludes.

2 Theoretical Background

Krugman (1991), Krugman and Venables (1995), Venables (1996) and Fujita et al. (1999) formalized the

way agglomeration economies explain the distribution of economic activities by highlighting the importance

attributed to distance and market accessibility. Being close to markets represent the market accessibility of

locations. Naturally, locations with higher market access benefit from externalities generated among their

geography.

Redding and Venables (2004a,b) use this NEG reasoning and define market access/potential in order

to explain inequalities across nations. Accessibility is defined in two different forms: (i) market access

(MA) referring to being close to demand, (ii) supply access (SA) defines how firms may access to sources of

production. While the theoretical model distinguishes supply and market access; given the high correlation

between the two, empirical specifications tend to focus only on market accessibility.

Redding and Venables (2004b); Breinlich (2006); Boulhol and De Serres (2010); Hering and Poncet (2010);

Head and Mayer (2011) compute MA based on a gravity equation; Bosker and Garretsen (2010) use distance

as a weight for regional demand potential (i.e. income, value added, population) and Mion (2004); Hanson
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(2005); Ottaviano and Pinelli (2006); Niebuhr (2006); Brakman et al. (2006); López-Rodríguez et al. (2007);

Kosfeld and Eckey (2010) López-Rodríguez et al. (2011, 2014, 2019). compute the distance-weighted version

of market accessibility. Regardless of the method used, studies show that firms, regions and countries that

have better access to markets tend to be wealthier on average.

Redding and Schott (2003) offers a wider perspective that does not only explain the distribution of

income but also the endogenous accumulation of production factors. Firms in remote locations face higher

trade costs, which prevent them to accumulate more sources to be distributed to production factors. In

contrast, firms that have higher market access generate higher profit and are more likely to compensate

for the production factors. Among different factors, human capital and specifically skilled human capital

tends to benefit more as firms become more reluctant to pay the required skill premium in central locations.

Redding and Schott (2003) defines this condition by introducing the following wage equation:

(
σ

σ − 1
(wsi )

α(wui )βG
(1−α−β)
i ci)

α = (
1

x̄
)

R∑
j=1

EjG
σ−1
j (TMij )1−σ (1)

where wsi and wui represents wages to skilled and unskilled workers with α and β factor shares respectively,

σ is the elasticity of substitution, E is the consumption of manufacturing goods with a price index of G,

c denotes marginal input requirement and TMi,j is an iceberg-type transportation cost for manufacturing

production (M). Re-arranging equation (1) yields:

(wsi )
α(wui )β = ζ

1

ci
(MAi)

1
σ (SAi)

(1−α−β)
(σ−1) (2)

which defines the maximum amount a firm in region i can afford to pay to its skilled and unskilled

workers, where ζ is a constant containing the impact of manufacturing intermediary goods.

The skilled indifference condition that shows how individuals decide human capital investment is given

by:

wsi − wui ≥ hi
a(z)

wui (3)

where wsi −wui is the skilled premium, a(z) is the critical ability level and hi is an institutional parameter

assumed to be homogenous for regions of the same country such that the right-hand side represents the cost

of education.

α
dwsi
wsi

+ β
dwui
wui

=
1

σ

dMAi
MAi

+
(1 − α− β)

(σ − 1)

dSAi
SAi

(4)
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Equation (4) implies that a fall in market access defines a lower relative wage rate for skilled workers if

manufacturing production is skill-intensive. In the new equilibrium condition, a higher critical ability level is

defined over which individual becomes a skilled worker (Faíña and López-Rodríguez, 2006; López-Rodríguez

et al., 2007). This results in less incentive to accumulate human capital if regions are faced with diminishing

market accessibility.

Overall, the NEG model defines that the relationship between market access and wages (equation (2))

affects the individuals’ human capital accumulation decision (equation (3)). That is, the impact of geography

on human capital accumulation works through a channel in which a positive relationship between market

access and human capital accumulation is defined. The NEG model assumes that individuals’ education

decisions are nudged by the expected future skilled premium. As skill premium is a positive function of

market access; we expect a positive relationship between market access and human capital accumulation.

Empirical studies widely use the Redding and Schott (2003) model, however, the NEG model should be

overhauled for problems such as misidentification and missing mechanisms (Redding, 2010). For instance,

the link between market accessibility and factor accumulation of human capital is affected by the spatial

dimension of inequalities and structural differences in production (Karahasan and López-Bazo, 2013). More-

over, the theoretical background of the NEG model lacks a formal explanation on how wages and human

capital are connected. Other factors that affect wages might also have a geographical pattern (Motellón

et al., 2011). More importantly, the endogeneity of MA is an important dimension of the existing NEG

model (Boulhol and De Serres, 2010; Karahasan and López-Bazo, 2013; López-Rodríguez et al., 2019).

In the following section, we discuss various dimensions of regional evolution of market access and human

capital development by controlling for structural differences, regional heterogeneities, spatial spillovers and

the endogeneity of market access.

3 Empirical Strategy

3.1 Data and Sample

We use province-level (Nomenclature of Units for Territorial Statistics III - NUTS III) balanced panel data,

covering 81 provinces of Turkey for the period of 2008-2017.1 In order to control for regional human capital

differences, we calculate the average years of schooling at the NUTS III level whose raw data is retrieved

from Turkstat (2019). We lack historical data for the pre-2008 period for human capital accumulation

although it would be possible to obtain regional data from population censuses conducted in 1985 and 2000.
1All data used in this study are available from Turkstat (2019) and www.tuik.gov.tr.
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However, it would be incompatible with the current panel dataset due to lack of information for the missing

years between censuses and the 2008-2017 panel data. Besides, the number of regions varies between 67

to 81 before 2000 due to changes in the administrative boundaries of certain Turkish regions. Under these

circumstances, focusing on two cross-sections only for the pre-2000s would have a limited contribution due to

a failure to control for time-invariant cross-sectional heterogeneity. Still, we have conducted cross-sectional

analyses for the previous cross sections (1985 and 2000) and end up with similar results. These results are

available upon request.

Following Harris (1954), market access index is given by:

MAi =

n∑
j=1

Yj
Di,j

(5)

where Yi is the per capita income of region i (Turkstat, 2019) and Di,j is the motorway distance between

any pair of regions i, j, retrieved from the General Directorate of Highways Republic of Turkey.2 Since,

regional GDP is in nominal terms, we use regional Consumer Price Index (CPI, 2003=100) to deflate regional

market access values. Regional CPI data retrieved from Turkstat (2019) is only available at the NUTS II

level. We distribute regional CPI values from NUTS II to NUTS III level accordingly.3

Redding and Schott (2003); Redding and Venables (2004a) use the gravity approach to calculate market

access. This complex two-step approach is criticized on the grounds that one has to make a set of arbitrary

assumptions on the structure of trade costs. Region-specific properties like distance, adjacency, trade barriers,

language etc. can overestimate the regional properties resulting in biased measurement of market accessibility

(Anderson and Van Wincoop, 2004; Fingleton, 2008; Bosker and Garretsen, 2010). Based on these concerns

and the lack of reliable data to implement the gravity approach for Turkey, we use distance-weighted per

capita income approach rather than an auxiliary gravity model in our market access calculations. Following

Karahasan and López-Bazo (2013); López-Rodríguez et al. (2019) we consider within region dynamics

by calculating the internal demand, weighted by the intra-regional distance via Head and Mayer (2006)

approximation of Di,j = 0.66
√
Areai/π.4

While our empirical strategy allows us to control for all time-invariant factors that may affect human

capital accumulation, we further add time-varying regional controls. These include employment share in
2Other ways to measure distance include travel time distance and bird-eye distance. Bird-eye distance fails to control

for topographical differences of Turkish geography and may underestimate the impact of true distance, especially for the
mountainous eastern regions. For the travel time distance, we lack reliable historical data. Therefore, throughout the paper,
market access is calculated using the road distance. In order to check for the robustness of our results we also provide results
from a MA index derived using bird-eye distance.

3We also consider national CPI and GDP deflator in order to calculate the real market access. The results using either
measure remain virtually unchanged and are available upon request.

4Direct distance to certain locations can also be used in order to understand the ease of market access (Faíña and López-
Rodríguez, 2006; López-Rodríguez et al., 2007). We take into account the direct distance to Istanbul, Ankara and Izmir, which
are important economic centers in Turkey.
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service and agriculture to understand the regional variation in production structure and labor demand, net

migration rate and unemployment rates. Employment data, provided by Turkstat (2019), is available at

the NUTS II level. Net migration rate is available at the NUTS III level, and the unemployment rate is

available at NUTS III for the 2008-2013 and at the NUTS II level for the 2013-2017 period. Both migration

and unemployment rates are available from Turkstat (2019). The first three columns in Table 1 report the

mean, the minimum and the maximum values of the variables employed in the analysis for the 2008-2017

period along with standard deviations.

3.2 Exploratory Spatial Data Analysis

In order to account for spatial auto-correlation we invoke the global Moran’s I statistic:

I =
n

s

∑
i wij(xi − x̄)(xj − x̄)∑

(xi − x̄)
2 (6)

where n is the number of cross-sections, s is the summation of all the elements wij of the weight matrix

W of provinces i and j (Anselin, 1996). The global Moran’s I shows the extent of spatial autocorrelation. It

ranges between -1 and +1, where -1 indicates perfect spatial randomness (i.e. checkerboard pattern) and +1

indicates perfect spatial clustering. We consider three commonly used spatial weight matrices to compute

the Moran’s I: a row-normalized first-order queen contiguity matrix whose elements are one if two provinces

have a common border and zero otherwise , a spectral inverse distance spatial weight matrix where the

elements wij of the matrix W contain the inverse of the distance between the centroid of provinces i and j,

and is divided by its largest characteristic root (i.e. spectral normalization) and a k-nearest neighbor weight

matrix, where a threshold distance is determined based on the rule that each region has at least k number

of neighbors. The elements of a k-nearest neighbor weight matrix are one if the actual distance between two

regions is smaller than the threshold distance and zero otherwise. We use four regions for determining the

threshold cut-off distance. While there is no given rule for the exact number of regions, we replicate spatial

analyses with alternative neighbor numbers. These results are also available upon request.

While the global Moran’s I shows the extent of spatial externalities, it fails in identifying the source of

spatial dependence. Therefore, following Anselin (1995) a decomposition analyses is carried out and the

global Moran’s I is decomposed into a local measure. The Local Indicator of Spatial Association (LISA) is

given as:

Ii = (xi − x̄)
∑
j

wij(xj − x̄) (7)
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LISA analyses decompose the global measure into four significant spatial regimes; High-high (H-H),

Low-Low (L-L), High-Low (H-L), Low-High (L-H). Regions within H-H and L-L clusters are composed of

spatially connected regions with above and below average values, respectively. On the contrary, H-L and

L-H are spatial outliers that represent deviations from the spatial proximity.5

3.3 Patterns of Spatial Dependence

An important but missing dimension of the original Redding and Schott (2003) is the lack of a discussion on

cross-sectional spillovers. Likewise, empirical studies testing the market access and human capital accumu-

lation link mostly neglects the inter-regional spillovers. While Karahasan and López-Bazo (2013) highlights

the significant influence of spatial networks for the case of Spain, a similar analysis for a developing case

study has not been conducted before. Therefore, we construct an augmented NEG model of the Redding

and Schott (2003) by embedding spatial dependence and estimate a generalized panel spatial fixed-effects

model for the 2008-2017 period that can be compactly written as:

Et = µi + βMAt + ρWEt + γXt +WXtθ + ut (8)

and ut = λWut + εt (9)

where Et is a n × 1 column vector of average years of schooling for each period t, t = 1, . . . , T ; MA is

the natural log of market access; Xt is a n × 4 matrix that consists of the share of industry and services

in GDP, unemployment share and net migration rate, µi is the province fixed-effect, W is a n × n spatial

weight matrix with elements wij indicating the relative connectivity between province i and j, and ρ, θ and

λ indicate the average strength of these effects conditional on W. In our benchmark analyses the weight

matrix W is specified as a spectral inverse distance matrix. In Sub-section 4.3 we test the robustness of our

results by using other types of weight matrices (i.e. contiguity, k-nearest neighbor).

Following Anselin (2010) and Elhorst (2010) we use four different spatial specifications. When ρ = θ = 0,

we obtain the spatial error model (SEM) that considers common spillover of shocks thus omitted variables.

When θ = λ = 0, we obtain the spatial lag model (SAR) and the spillovers or externalities arise from

the outcome. When λ = 0, we obtain the spatial Durbin model (SDM), allowing for global spillovers in

observables. Finally, when ρ = 0, we obtain the spatial Durbin error model (SDEM) that allows for local

spillovers in observables. We follow the approach offered in Elhorst (2010) to compare the spatial models’
5Our LISA analyses employ an inverse distance weight matrix and are replicated using a queen contiguity and a k-nearest

neighbor weight matrix. These results are available upon request.
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specifications.

One should take into account the fact that geography enters into these models in two different forms;

over the MA variable and the weight matrix (W). Naturally, overrepresentation of the geographical dimen-

sion is possible. However, the weight matrix is incorporated to define location-based networks over spatial

dependence. On the contrary, market access variable incorporates the impact of purchasing power, weighted

by the distance.

Finally, we take into account the possible endogeneity of market access. This has not been discussed in

details within the NEG model, however omitted variables that are likely to explain human capital variable

and the possible reverse causality running from human capital development towards market access are the

two crucial aspects that have to be considered. To deal with the endogeneity issue, we construct a number of

instrumental variables (IV) models, where we use spatial lags and variants of sum of distances as instruments

for market access. Accounting for endogeneity is a sound exercise to deal with unobserved factors and reverse

causation; however, it would still not be possible to examine the underlying sub-channels and the mechanics of

the theoretical model. While, it is not our central aim to examine the background of the NEG’s formulation,

we acknowledge this limitation and discuss potential gateways for this in Section 5.

4 Findings

4.1 Descriptive Findings

We first examine the regional distribution of human capital development and market accessibility in Turkey.

Figure 1 plots the spatial distribution of average years of schooling. Regions that are clustered in the north-

western and western Turkey together with a set of regions in the south and in the center form the group of

regions with the highest average years of schooling. On the contrary, the schooling levels are very low for

the eastern and specifically south-eastern regions. Moreover, the regional distribution of average years of

schooling is highly persistent. Highly educated regions in 2017 are mostly the ones that were already highly

educated in 2008. These findings are in line with the prior literature on human capital-based inequalities in

Turkey (Filiztekin and Karahasan, 2015; Erdem, 2016).

In order to examine accessibility, we calculate the market access index as in Harris (1954). The spatial

distribution of Turkish regions’ market access is illustrated in Figure 2. The pattern shows duality of market

accessibility. High MA areas are significantly agglomerated in the western Turkey. On the contrary, eastern

regions suffer from low levels of MA.

An important dimension of average years of schooling and market access is the visible spatial pattern.
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That is, both average years of schooling as well as market access show a significant amount of spatial

clustering. In order to understand the extent of regional spillovers, spatial auto-correlations are reported in

the last six columns of Table 1. Two important findings are worth underlining. First, market access displays

stronger spatial dependence compared to average years of schooling, suggesting that spatial externalities

created by agglomeration economies transcend education-based human capital spillovers. Second, our results

show that for both variables, spatial dependence is stronger and closer in size upon the use of contiguity and

k-nearest neighbor weight matrices compared to inverse distance. This suggests of the locality of spatial

dependence.6 The global Moran’s I statistic shows that the null hypothesis of spatial randomness can be

rejected at the 1 percent significance level in favor of spatial clustering for all control variables employed.

While the global measure of spatial auto-correlation is useful in order to understand spatial spillovers,

local decomposition analysis is essential. Therefore, we carry out the LISA analyses and decompose the

early findings on spatial auto-correlation.7 Table 2 gives the summary of the results for the entire sample

period. The first important result is the high share of regions reported in H-H and L-L spatial regimes

for both the average years of schooling and market accessibility. Note that outliers do not have a uniform

pattern. However, the rise in the H-L outliers for average years of schooling signals the transition of some

less developed and educated regions towards higher education levels. Overall, the decomposition of spatial

patterns together with our early remarks on spatial distribution of average years of schooling (Figure 1) and

market access (Figure 2) show the existence of parallel patterns between market accessibility and regional

human capital accumulation.

A preliminary comparison of regional dispersion of human capital development and market access is

indicative of similarities. This similarity becomes more pronounced in Figures 3 and 4. There is a clear

positive relationship between average years of schooling and accessing to markets. Additionally, following

López-Rodríguez et al. (2007); López-Rodríguez et al. (2019) we also consider direct distance to specific eco-

nomic centers of Turkey: Istanbul, Izmir and Ankara. These regions are historically the dominant economic

activity areas of Turkey (Karahasan et al., 2016). Results indicate a negative relationship between distance

to specific economic activity areas and average years of schooling, supporting the view that distance to

economic centers and accessing to markets are both crucial elements for higher human capital development.

4.2 Empirical Results

The results of the baseline panel spatial fixed-effects models are given in Table 3. Our baseline models use

motorway distance to calculate MA. The first four columns in Table 3 report the results without any control
6See Monastiriotis (2009) for details.
7As highlighted before, at this stage we only report the results from the inverse distance weight matrix. Results from the

two other weight matrices are available from the authors upon request.
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variables. Columns (X.1) and (X.2) reports the results with an endogenous interaction effect (i.e. SAR) and

a residual interaction effect (i.e. SEM) respectively. Columns (X.3) and (X.4) respectively reports the results

for a residual interaction with a spillover effect of the independent variable (i.e. SDEM) and an endogenous

interaction effect with a spillover of the independent variable (i.e. SDM). Note that for the baseline analyses,

all spatial models are estimated by using a spectaral inverse distance weight matrix.

Without using any control variables, the LM diagnostics for spatial dependence at the bottom of Table

3 suggest the need to employ a spatial model. Specifically, while both the LM error and LM lag tests

are significant, their robust versions indicate that a spatial error model is more appropriate. Further, the

linear hypothesis testing for the spatial lag (ρ=0) and the spatial error (λ=0) terms suggest that they are

individually statistically and significantly distinguishable from zero at conventional test levels.

However, the restriction on the spatial lag parameter for the MA variable in column (1.3) of Table 3

indicates that the effects of the spillovers in MA are distinguishable from zero. While the LR test (SEM

vs. MODEL) in column (1.3) suggests that the SDEM cannot be constrained to the SEM at 1 percent

significance level, the LR test in column (1.4) suggests that the SDM can be constrained to the SEM. The

LR test (SAR vs. MODEL) in column (1.4) suggests that the SDM cannot be constrained to the SAR either.

Under the battery of these diagnostic tests for model selection, the SDEM and potentially the SDM are more

likely to best describe our data.

In the last four columns of Table 3, we augment our baseline models by additionally controlling for a host

of factors that are likely to explain the variation in human capital. Notice that the implications of model

selection criteria remain virtually the same, that the SDEM and the SDM best describe our data. Further,

these models are also characterized by the highest log-likelihood and by the lowest Akaike Information

Criterion in columns (2.X).

The partial derivative interpretation of the impact of market access on human capital constitutes a more

valid basis for inference than focusing on the parameter estimates (LeSage and Pace, 2009). We therefore

report the direct spatial effects by the average of the diagonal elements and the indirect spatial effects by

the average of row or column sums of the off-diagonal elements of the matrix of partial derivatives.

The consistency of the significance of the parameter estimates across model specifications, either in

terms of the patterns of spatial dependence or in terms of covariate inclusion, are staggering. However, the

magnitude of the direct spatial effects of MA across the four spatial models we considered varies drastically,

with the smallest effects under the SAR and the largest effects under the SEM. Nevertheless, the direct,

indirect and the total spatial effects do carry the expected sign and are statistically distinguishable from

zero at the 1 percent significant level, indicating that higher market access is associated with greater human

capital accumulation. Moreover, this relationship is robust to the inclusion of additional control variables.
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4.3 Robustness Check

In this section, we perform a number of exercises to show the robustness of our baseline estimates to: (i)

the use of an alternative distance measure to calculate market access, (ii) to the choice of the spatial weight

matrix and (iii) potential endogeneity of market access. First, we re-estimate the baseline models using

bird-eye distance in lieu of motorway distance. The results, displayed in Table 4, show that the direct and

the total spatial effects in the conditional models are statistically distinguishable from zero at conventional

test levels, albeit the magnitudes are lower than their counterparts in Table 3.

Next, we consider the possible influence of the spatial weight matrix in our empirical models and estimate

all spatial models by using two alternative weight matrices: a contiguity-based and a k-nearest neighbor

weight matrix (k = 4) in lieu of an inverse distance spatial weight matrix, whose results are given in Columns

(1.X) and (2.X) of Table 5, respectively. The size of the spatial effects of market access are comparably

similar to our baseline estimates with the exception of the SEM and the SDEM models where these effects

are no longer statistically significant. Additionally, the direct spatial effects of market access under a SDM,

relative to those reported in column (2.x) of Table 3, are no longer statistically distinguishable from zero

using either alternative spatial weight matrices. In general, our results are similar once results from these

two new alternative weight matrices are compared. Even though there are minimal differences compared to

the benchmark results, the spatial effects of market access are robust in general.

A potential threat to the identification of the models of section 3 rests with the possibility that MA may

be endogenous to human capital accumulation. Table 6 reports the IV estimates of the NEG model using

regional data as an accommodation for the possible endogeneity of market access. For the fact that the

observations correspond to a collectively exhaustive set of provinces in Turkey, we perform a fixed-effects

estimation in Table 6. A critical step to control for endogeneity is the instrument selection. One common

approach is to use a distance-based geographical variable in order to construct a valid instrument (Boulhol

and De Serres, 2010). While we follow this approach in our analyses, we additionally use the spatial lag

of the market access as a spatial instrumental variable. Columns (1)-(3) use the first and the second order

spatial lags of the natural logarithm of MA via a row-normalized first-order queen contiguity, a spectral

inverse distance and a k-nearest neighbor spatial weight matrices, respectively. Next, following Boulhol and

De Serres (2010) and Karahasan and López-Bazo (2013), the natural log of regional MA is instrumented by

the sum of distance in column (5) and by the inverse sum of distance in column (6).

At the bottom of the Table 6, we report an exhaustive set of diagnostics on endogeneity, instrument

relevance, weak identification and instrument validity. In order to test for instrument relevance and the

endogeneity of market access, we report the heteroscedasticity consistent version of the Anderson canonical
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correlation LM statistic (Kleibergen-Paap LM statistic) and the endogeneity test. When the excluded in-

struments are only weakly correlated with the endogenous variable, the instrumental variable estimates will

be biased in the same direction as the OLS and the significance tests will have incorrect size and confidence

interval (Moreira, 2003). Therefore, we further report weak identification-robust inference test results.

The first-stage F-statistic, as a suggested measure to assess the explanatory power of the excluded in-

struments, reported at the bottom of the table, is well above 10 for all specifications, indicating that the

instruments are not weak (Bound et al., 1995; Staiger and Stock, 1997). The strong correlation between

market access and the instruments is further confirmed by the underidentification test results.

Having multiple instruments allows us to test for overidentifying restrictions through the Hansen J statis-

tic. For the panel fixed-effects results shown in Table 6, we fail to reject the joint null hypothesis that the

instruments are uncorrelated with the unobservable factors of human capital accumulation and that the

excluded instruments are correctly excluded from the estimated equation only for columns (1) and (3) where

MA is instrumented by the spatial lags of MA, using a contiguity-based and a k-nearest neighbor (k=4)

spatial weight matrices, respectively. For the remaining models, Hansen J statistic suggests that the overi-

dentifying restrictions are not met. Yet, the weak identification-robust inference (conditional LR) test results

indicate that the null hypothesis that the coefficient on MA is zero can be rejected for all specifications at

conventional test levels.

The IV diagnostics yield conflicting results with respect to both the endogeneity of MA as well as

to the validity of the instruments. Two thirds of the panel fixed-effects IV results are inadmissible for

the fact that the overidentifying restrictions are not met (columns (2), (4)-(6)); yet MA appears to be

exogenous in these models. In the remaining models, there is a clear evidence that MA is endogenous and

the overidentifying restrictions are also met. Despite the equivocal evidence based on the fixed-effects IV

estimates, the magnitude of the estimate of the effect of MA along with its standard errors are very similar

across all six specifications, that MA drives up human capital accumulation by about 1 percent (i.e. unit-

elastic). Overall, the relationship between MA and human capital accumulation is robust to alternative

market access measurement, spatial weight matrix specification and to the possible endogeneity of MA.

5 Discussion

Development and growth economics explore the dynamics and sources of cross-country differences. Evidence

suggests that socio-economic characteristics of countries and their development paths are endogenously

related. As economic and social inequalities are not limited to cross-country comparisons, scholarly interest

shifts towards intra-country differences. Rapid surge in the developmental aspects of regional studies becomes
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even more aspiring as more work has been conducted to understand the reasons behind the evolution of

regional differences in the sources of economic development. Recent advances in the NEG give a momentum

to scholars to explore the different dimensions of regional development. However, most studies test the

link between geography and inequalities, by and large measured by income and productivity differences.

In our analyses, we focus on the relationship between market access and human capital disparities rather

than comparing geography with overall inequalities. To our knowledge, this is one of the first few attempts

for a developing country suffering from persistent spatial instabilities. Therefore, an important expected

contribution of this study, is the attention paid to the inevitable links between development aspects of

regional disparities and its empirical examination by the recent setup of the NEG theory. This process as

an inevitable and valuable line of future research for development studies.

Our analyses suggest highly persistent spatial spillovers and massive rigidities in the local realization of

spatial relationships between market access and human capital differences in Turkey. Importantly, regions

located in clusters of high (low) human capital accumulation have high (low) market accessibility. Overall,

this process creates a rapidly evolving dichotomy both for market accessibility and human capital disparities,

suggesting that investigating the causal channels through the NEG framework is essential.

The spatial evolution of market access and human capital differences is followed by an empirical estimation

of the NEG model. We construct a setup that enables us to directly test the NEG model (Redding and Schott,

2003). However, unlike the original model, we use different spatial specifications together with a detailed

discussion on the possible endogeneity of MA. Incorporating spatial mechanisms to the market access and

human capital link is an important dimension for understanding regional disparities in developing countries.

Using spatial batteries in the specification does not only act as a robustness check but also stands as an

important tool in order to understand the spatial borders of the relations that are essential for policy making.

For instance, it is possible to question the influence market access on human capital in a region by also taking

into account the human capital and market access level of the surrounding regions. Likewise, unobserved

common chractersitics of regions in spatial links can be significant, reminding the possible homogeneity of

policy influences over various policy tools linked with unobserved local properties (i.e. cultural, ethnic,

conflict-driven etc.). Especially when the non-market oriented public policy tools are considered to enhance

human capital in a region, spatial networks point out to the possibility of the influences of policies beyond the

borders of regions. This could not be controlled for within the original model. Moreover, we consider various

dimensions of regional differences and use additional controls as determinants of human capital differences.

We argue that structural regional disparities are important elements in understanding the evolution of

regional human capital gaps. We also consider a number of technical issues such as market access calculation

(i.e. motorway and bird-eye distances) and spatial weight matrix construction (i.e. inverse distance, k-
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nearest neighbor and contiguity weight matrices). Our empirical results confirm the NEG’s expectations.

Market access is an important dimension of human capital accumulation and the NEG model works well in

a developing country example even after other methodological issues such as; measurement of market access

and different weight matrix specifications are accounted for. We also consider the possible endogeneity of

market access as some unobserved regional characteristics (i.e. skill level of the work forces, attractiveness of

the regions) may be in effect or a reverse causation may bias our inferences. Therefore, we use a number of

instrumental variables to account for this endogeneity and point out to the overall robustness of our results.

Our results also show interesting similarities and differences with previous studies. While our results

are in line with the previous evidence from a set of EU regions (Faíña and López-Rodríguez, 2006; López-

Rodríguez et al., 2007; Diebolt and Hippe, 2018) and for some country cases (i.e. Romania (López-Rodríguez

et al., 2019)), they depict a somewhat different story than those of Karahasan and López-Bazo (2013) who

established a diminished impact of market access with the inclusion of several other dimensions for Spanish

regions. A comparison of the similarities of an entire region (i.e. EU) with a single country could be

challenging; however, a contrast between two countries may yield valuable information on the true nature

of the NEG for policy-making. We argue that the administrative structural differences are an important

dimension, particularly in countries of extremely centralized policy-making such as Turkey. On the contrary,

regional autonomy in Spain is permissive to local policies. Given that market access is extremely rigid (i.e.

policy-insensitive), the loss of the impact of market access in Spain can be attributed to the extent of local

policies. Centralized policy-making in Turkey may decrease the effectiveness of social policies and to some

extent, may explain the reason behind the robust and the strong impact of market accessibility.

Our evidence supports the view that geography and remoteness can play a dominant role in developing

countries. This broaches the question of how a developing country can cope with this remoteness problem

given that market access is policy-insensitive. Evidence from developed countries with different levels of local

autonomy has much to offer on the extent and success of local policies that diminish the impact of market

accessibility, which is found to be policy-insensitive. Therefore, surmounting the inertia of the impact of

market access may only work in developing countries if they pursue policies that consider local necessities.

A limitation of our study is that it does not cover the background of the NEG model whose central

expectation relies on the assumption that wages is the true incentive to increase investment in human capital

accumulation. That is, market access directly influences wage dispersion, which in turn affects education

investment. Relatedly, there is an intertemporal dimension as individuals’ investment decision in education,

returns to education and actual education attainment occur in different periods. Additionally, the reason

behind the detection of highly educated individuals in central location may stem from the fact that skill

distribution and demand is higher in already developed central regions. It is possible that denser central
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areas (i.e. city centers) may be attracting more people not only because these areas have higher market

potential, but also skill and ability demand is biased in these core attractive centers (Crozet, 2004; Combes

et al., 2008; Mion and Naticchioni, 2009; Combes et al., 2010). A potential solution would be to use wage

and occupation data to control for the endogenous feedback among human capital accumulation, returns to

education and market accessbility. First, lack of aggregate data on wages at the NUTS III level does not

allow us to assess the structural relationship between human capital accumulation and returns of education

(i.e. wages) but only the reduced relationship between the former and market access. Second, it is not

possible to foresee the impact of the attractiveness of central regions with high market accessibility because

we are unable to control for a detailed employment and occupation composition at regional level. Despite

these limitations, our findings enable us to identify the extent of inertia between geographical proximity and

educational human capital disparities. Economic policies to combat this dilemma are most effective only if

these three dimensions are considered in a coherent manner. Using different data sets (i.e. micro level at

more aggregate level) in order to combine these three dimensions is the future line of research on our agenda.

6 Conclusion

The central objective of this research is to question the impact of market access on human capital development

for the regions of Turkey. Originating from the NEG’s formulation, we argue that regions with higher market

access accumulate more human capital. Furthermore, such a link should be tested for issues such as spatial

externalities, regional heterogeneities, some other regional socio-economic factors and possible endogeneity

of market accessibility.

Our results confirm that market access significantly influences regional human capital development in

Turkey. These results are robust to the inclusion of sectoral controls, regional heterogeneities, spatial

spillovers and the endogeneity of market access. Overall, findings point out that regional policies fail to

solve the ongoing and persistent human capital gaps problem in Turkey. Moreover, given the inertia in mar-

ket access and the robust link between market access and human capital accumulation, there is evidence for

the ineffectiveness of the current social policies to combat disparities. This however does not directly imply

that there is lack of room for policy-making, rather this signals out the failure of the current set of regional

policies that are highly centralized and are implemented without enough concern on local heterogeneities.

The, results of the study should open up new discussions for the strength of the proposed channels

between market accessibility and human capital accumulation. The positive influence of market access on

human capital accumulation could be attributed to some unobserved regional factors. Wage distribution

and attractiveness of dense urban areas could also be responsible for the clustering of highly educated
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individuals in central locations. This does not necessarily imply that market access is ineffective but rather

signals the need for more in-depth analyses of the mechanisms within the NEG model. These relations

could be working together with the influence of market access or some other unknown mechanisms could be

mediating the overall relation between market accessibility and accumulation of human capital. Investigating

these challenging lines with the availability of individual-level micro data is an important and valuable line

of future research for scholars.
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Table 2: Decomposition of Spatial Auto-correlation

Market access Average years of schooling
High-High Low-Low High-Low Low-High High-High Low-Low High-Low Low-High

2008 0.43 0.40 0.02 0.15 0.48 0.31 0.12 0.09
2009 0.47 0.40 0.02 0.11 0.46 0.28 0.16 0.10
2010 0.46 0.40 0.02 0.12 0.46 0.27 0.17 0.10
2011 0.44 0.41 0.01 0.14 0.44 0.30 0.17 0.09
2012 0.44 0.41 0.01 0.14 0.46 0.31 0.15 0.09
2013 0.44 0.40 0.02 0.14 0.46 0.31 0.15 0.09
2014 0.44 0.41 0.01 0.14 0.41 0.30 0.19 0.11
2015 0.43 0.37 0.05 0.15 0.41 0.31 0.17 0.11
2016 0.43 0.40 0.02 0.15 0.41 0.31 0.17 0.11
2017 0.43 0.40 0.02 0.15 0.41 0.31 0.17 0.11

Notes: Figures show the percentage of provinces that fall within each spatial cluster for a given year.

28



T
ab

le
3:

T
es
ti
ng

th
e
N
E
G

m
od

el
:
P
an

el
sp
at
ia
lfi

xe
d-
eff

ec
ts

es
ti
m
at
es
,2

00
8-
20
17

O
u
tc

om
e

va
ri

ab
le

N
at

u
ra

l
lo

ga
ri

th
m

of
av

er
ag

e
ye

ar
s

of
sc

h
oo

li
n
g

SA
R

SE
M

SD
E
M

SD
M

SA
R

SE
M

SD
E
M

SD
M

(1
.1
)

(1
.2
)

(1
.3
)

(1
.4
)

(2
.1
)

(2
.2
)

(2
.3
)

(2
.4
)

M
ar

ke
t

A
cc

es
s

D
ir
ec
t
sp
at
ia
l
eff

ec
t

0.
20
3∗
∗∗

(0
.0
58
)

1.
16
4∗
∗∗

(0
.2
14
)

0.
65
1∗
∗∗

(0
.1
60
)

1.
18
1∗
∗∗

(0
.2
03
)

0.
23
1∗
∗∗

(0
.0
55
)

1.
10
9∗
∗∗

(0
.1
73
)

0.
64
2∗
∗∗

(0
.1
59
)

1.
09
5∗
∗∗

(0
.1
49
)

In
di
re
ct

sp
at
ia
l
eff

ec
t

0.
94
0∗
∗∗

(0
.2
84
)

-
-

-0
.0
33

(0
.7
13
)

1.
06
3∗
∗∗

(0
.3
85
)

-
-

0.
55
1
(1
.2
05
)

T
ot
al

sp
at
ia
l
eff

ec
t

1.
14
3∗
∗∗

(0
.3
25
)

1.
16
4∗
∗∗

(0
.2
14
)

0.
65
1∗
∗∗

(0
.1
60
)

1.
14
8
(0
.8
15
)

1.
29
3∗
∗∗

(0
.4
11
)

1.
10
9∗
∗∗

(0
.1
73
)

0.
64
2∗
∗∗

(0
.1
59
)

1.
64
6
(1
.2
65
)

S
p
at

ia
l
d
ep

en
d
en

ce
ρ
(s
pa

ti
al

la
g)

0.
83
6∗
∗∗

(0
.0
34
)

-
-

0.
95
9∗
∗∗

(0
.0
09
)

0.
83
1∗
∗∗

(0
.0
40
)

-
-

0.
95
5∗
∗∗

(0
.0
11
)

λ
(s
pa

ti
al

er
ro
r)

-
0.
96
2∗
∗∗

(0
.0
10
)

0.
99
3∗
∗∗

(0
.0
04
)

-
-

0.
95
9∗
∗∗

(0
.0
09
)

0.
99
2∗
∗∗

(0
.0
04
)

-
θ
(s
pa

ti
al

la
g
of

M
A
)

-
-

3.
22
8∗
∗∗

(0
.9
52
)

-1
.1
32
∗∗
∗
(0
.1
84
)

-
-

2.
94
4∗
∗∗

(0
.8
95
)

-1
.0
16
∗∗
∗
(0
.1
36
)

W
al
d
te
st

(λ
=

0
)

-
99
62
.1
8∗
∗∗

77
97
4.
00
∗∗
∗

-
-

11
38
1.
26
∗∗
∗

76
99
7.
26
∗∗
∗

-
W
al
d
te
st

(ρ
=

0
)

59
6.
70
∗∗
∗

-
-

10
72
8.
47
∗∗
∗

42
1.
21
∗∗
∗

-
-

69
05
.3
9∗
∗∗

W
al
d
te
st

(θ
=

0
)

-
-

11
.5
0∗
∗∗

37
.8
9∗
∗∗

-
-

10
.8
1∗
∗∗

56
.0
7∗
∗∗

L
R

te
st

(O
L
S
vs
.
M
O
D
E
L
)

55
2.
19
∗∗
∗

92
1.
48
∗∗
∗

10
10
.0
8∗
∗∗

92
2.
03
∗∗
∗

61
2.
29
∗∗
∗

91
1.
19
∗∗
∗

99
0.
11
∗∗
∗

93
5.
56
∗∗
∗

L
R

te
st

(S
E
M

vs
.
M
O
D
E
L
)

-
-

88
.6
0∗
∗∗

0.
05

-
-

78
.9
2∗
∗∗

0.
33

L
R

te
st

(S
A
R

vs
.
M
O
D
E
L
)

-
-

-
36
9.
84
∗∗
∗

-
-

-
32
3.
27
∗∗
∗

L
M

er
ro
r
(B

ur
ri
dg

e)
19
03

.3
4∗
∗∗

-
-

-
20
77
.9
0∗
∗∗

-
-

-
L
M

er
ro
r
(R

ob
us
t)

20
44
.5
7∗
∗∗

-
-

-
22
29
.4
9∗
∗∗

-
-

-
L
M

la
g
(A

ns
el
in
)

9.
80
∗∗
∗

-
-

-
3.
19
∗

-
-

-
L
M

la
g
(R

ob
us
t)

15
1.
04
∗∗
∗

-
-

-
15
4.
79
∗∗
∗

-
-

-
L
og
-l
ik
el
ih
oo

d
16
09
.0

17
93
.7

18
38
.0

17
93
.9

16
84
.8

18
34
.2

18
73
.7

18
46
.4

A
ka
ik
e
In
fo
rm

at
io
n
C
ri
te
ri
on

-3
21
2.
04

-3
58
1.
33

-3
66
7.
93

-3
57
9.
89

-3
35
5.
52

-3
65
4.
42

-3
73
1.
34

-3
67
6.
79

R
-s
qu

ar
ed

(o
ve
ra
ll)

0.
17
7

0.
54
9

0.
23

7
0.
56
7

0.
42
1

0.
53
4

0.
24
0

0.
01
85

R
-s
qu

ar
ed

(w
it
hi
n)

0.
82
7

0.
86
5

0.
83
9

0.
86
8

0.
85
8

0.
87
5

0.
84
4

0.
84
6

R
-s
qu

ar
ed

(b
et
w
ee
n)

0.
11
8

0.
48
7

0.
17
7

0.
51
4

0.
23
9

0.
47
1

0.
18
0

0.
00
0

H
au

sm
an

te
st

27
.2
4∗
∗∗

17
.8
8∗
∗∗

-
13
.5
4∗
∗∗

33
.8
7∗
∗∗

24
.9
8∗
∗∗

-
18
.4
8∗
∗∗

In
cl
ud

e
re
gi
on

al
co
nt
ro
ls
?

N
o

N
o

N
o

N
o

Y
es

Y
es

Y
es

Y
es

N
ot
es
:
T
he

un
it

of
ob

se
rv
at
io
n
is

th
e
pr
ov

in
ce
-y
ea
r.
N

=
8
1
0
.
M
ar
ke
t
ac
ce
ss

is
ca
lc
ul
at
ed

vi
a
m
ot
or
w
ay

di
st
an

ce
an

d
is

ex
pr
es
se
d
as

na
tu
ra
l
lo
ga
ri
th
m
.
A
ll
sp
ec
ifi
ca
ti
on

s
em

pl
oy

a
sp
ec
tr
al

in
ve
rs
e
di
st
an

ce
sp
at
ia
lw

ei
gh

t
m
at
ri
x.

H
au

sm
an

te
st

re
po

rt
s
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is
of

un
co
rr
el
at
ed

sp
at
ia
le

ffe
ct
s.

L
R

te
st

(O
L
S
vs
.
M
O
D
E
L
)

re
po

rt
s
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is

of
no

sp
at
ia
l
de
pe

nd
en
ce
.
T
he

L
R

te
st

(S
E
M

vs
.
SD

M
)
em

pl
oy
s
th
e
co
m
m
on

fa
ct
or

re
st
ri
ct
io
n
of

B
ur
ri
dg

e
(1
98
1)
.
T
he

L
R

te
st

(S
E
M

vs
.
SD

E
M
)
an

d
th
e
L
R

te
st

(S
A
R

vs
.
SD

M
)
st
at
is
ti
cs

re
po

rt
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is

th
at

th
e
re
st
ri
ct
ed

m
od

el
is

th
e
tr
ue

m
od

el
.
St
an

da
rd

er
ro
rs

in
pa

re
nt
he
se
s
ar
e
cl
us
te
re
d
at

th
e
N
U
T
S
II

le
ve
l
(2
6
re
gi
on

s)
.
*,

**
an

d
**

*
de

no
te

st
at
is
ti
ca
l
si
gn

ifi
ca
nc

e
at

th
e
10

,
5
an

d
1
p
er
ce
nt

le
ve
l
re
sp
ec
ti
ve
ly
.

29



T
ab

le
4:

T
es
ti
ng

th
e
N
E
G

m
od

el
:
P
an

el
sp
at
ia
lfi

xe
d-
eff

ec
ts

es
ti
m
at
es

us
in
g
an

al
te
rn
at
iv
e
M
A

ca
lc
ul
at
io
n,

20
08
-2
01
7

O
u
tc

om
e

va
ri

ab
le

N
at

u
ra

l
lo

ga
ri

th
m

of
av

er
ag

e
ye

ar
s

of
sc

h
oo

li
n
g

SA
R

SE
M

SD
E
M

SD
M

SA
R

SE
M

SD
E
M

SD
M

(1
.1
)

(1
.2
)

(1
.3
)

(1
.4
)

(2
.1
)

(2
.2
)

(2
.3
)

(2
.4
)

M
ar

ke
t

A
cc

es
s

D
ir
ec
t
sp
at
ia
l
eff

ec
t

0.
08
7∗
∗∗

(0
.0
20
)

-
0.
31
4∗
∗∗

(0
.0
71
)
0.
48
6∗
∗∗

(0
.0
90
)
0.
10
5∗
∗∗

(0
.0
20
)

-
0.
31
2∗
∗∗

(0
.0
69
)
0.
45
9∗
∗∗

(0
.0
74
)

In
di
re
ct

sp
at
ia
l
eff

ec
t

0.
30
6∗
∗∗

(0
.0
85
)

-
0.
00
0
(0
.0
00
)

-0
.0
75

(0
.2
35

)
0.
32
2∗
∗∗

(0
.1
04
)

-
0.
00
0
(0
.0
10
)

0.
17
8
(0
.7
09
)

T
ot
al

sp
at
ia
l
eff

ec
t

0.
39
3∗
∗∗

(0
.0
94
)

-
0.
31
4∗
∗∗

(0
.0
71
)

0.
41
1
(0
.2
95
)

0.
42
7∗
∗∗

(0
.1
06
)

-
0.
31
2∗
∗∗

(0
.0
71
)

0.
63
7
(0
.7
36
)

S
p
at

ia
l
d
ep

en
d
en

ce
ρ
(s
pa

ti
al

la
g)

0.
79
0∗
∗∗

(0
.0
48
)

-
0.
96
0∗
∗∗

(0
.0
09
)
0.
76
3∗
∗∗

(0
.0
59
)

-
0.
95
4∗
∗∗

(0
.0
14
)

λ
(s
pa

ti
al

er
ro
r)

-
0.
96
9∗
∗∗

(0
.0
09
)
0.
99
3∗
∗∗

(0
.0
04
)

-
0.
96
5∗
∗∗

(0
.0
08
)
0.
99
2∗
∗∗

(0
.0
04
)

-
θ
(s
pa

ti
al

la
g
of

M
A
)

-
-

2.
77
6∗
∗∗

(0
.9
57
)
2.
72
8∗
∗∗

(0
.9
34
)

-
-

2.
49
9∗
∗∗

(0
.8
58
)
2.
45
4∗
∗∗

(0
.8
45
)

W
al
d
te
st

(λ
=
0)

-
12
58
7.
01
∗∗
∗

71
37
7.
54
∗∗
∗

-
12
99
1.
82
∗∗
∗

71
51
0.
26
∗∗
∗

W
al
d
te
st

(ρ
=
0)

27
1.
99
∗∗
∗

-
11
87
9.
48
∗∗
∗

16
7.
09
∗∗
∗

-
-

48
18
.9
2∗
∗∗

W
al
d
te
st

(θ
=
0)

-
-

8.
42
∗∗
∗

34
.7
4∗
∗∗

-
-

8.
49
∗∗
∗

43
.2
8∗
∗∗

L
R

T
es
t
(O

L
S
ve
.
M
O
D
E
L
)

81
1.
60
∗∗
∗

37
5.
02
∗∗
∗

88
8.
81
∗∗
∗

81
4.
26
∗∗
∗

75
7.
41
∗∗
∗

39
7.
68
∗∗
∗

82
3.
89
∗∗
∗

78
9.
99
∗∗
∗

L
R

T
es
t
(S
E
M

vs
.
M
O
D
E
L
)

-
-

77
.2
∗∗
∗

2.
6

-
-

66
.4
8∗
∗∗

32
.6
∗∗
∗

L
R

te
st

(S
A
R

vs
.
M
O
D
E
L
)

-
-

-
43
9.
24
∗∗
∗

-
-

-
39
2.
31

L
M

er
ro
r
(B

ur
ri
dg

e)
52
4.
21
∗∗
∗

-
-

-
46

6.
70
∗∗
∗

-
-

-
L
M

er
ro
r
(R

ob
us
t)

64
4.
98
∗∗
∗

-
-

-
59

8.
33
∗∗
∗

-
-

-
L
M

la
g
(A

ns
el
in
)

55
.3
3∗
∗∗

-
-

-
56
.9
5∗
∗∗

-
-

-
L
M

la
g
(R

ob
us
t)

17
6.
11
∗∗
∗

-
-

-
18

8.
58
∗∗
∗

-
-

-
L
og
-l
ik
el
ih
oo

d
16
11
.9

18
30
.2

18
68
.8

18
31
.5

16
92
.6

18
72
.5

19
05
.7

18
88
.8

A
ka
ik
e
In
fo
rm

at
io
n
C
ri
te
ri
on

-3
21
7.
85

-3
65
4.
43

-3
72
9.
64

-3
65
5.
09

-3
37
1.
18

-3
73
0.
92

-3
79
5.
40

-3
76
1.
50

R
-s
qu

ar
ed

(o
ve
ra
ll)

0.
13
0

0.
65
5

0.
24
2

0.
20
0

0.
21
9

0.
63
9

0.
24
6

0.
00
05
38

R
-s
qu

ar
ed

(w
it
hi
n)

0.
85
7

0.
89
2

0.
85
2

0.
89
9

0.
89
5

0.
90
3

0.
85
8

0.
90
6

R
-s
qu

ar
ed

(b
et
w
ee
n)

0.
07
74

0.
46
1

0.
15
6

0.
00
46
1

0.
10
1

0.
40
5

0.
15
6

0.
03
06

H
au

sm
an

te
st

15
.9
5∗
∗∗

0.
01
05

-
30
.3
2∗
∗∗

24
.7
9∗
∗∗

29
.5
3∗
∗∗

-
37

.5
0∗
∗∗

In
cl
ud

e
re
gi
on

al
co
nt
ro
ls
?

N
o

N
o

N
o

N
o

Y
es

Y
es

Y
es

Y
es

N
ot
es
:
T
he

un
it

of
ob

se
rv
at
io
n
is

th
e
pr
ov
in
ce
-y
ea
r.
N

=
8
1
0
.
M
ar
ke
t
ac
ce
ss

is
ca
lc
ul
at
ed

vi
a
bi
rd
-e
ye

di
st
an

ce
an

d
ex
pr
es
se
d
as

na
tu
ra
l
lo
ga
ri
th
m
.
A
ll
sp
ec
ifi
ca
ti
on

s
em

pl
oy

a
sp
ec
tr
al

in
ve
rs
e
di
st
an

ce
sp
at
ia
l
w
ei
gh

t
m
at
ri
x.

H
au

sm
an

te
st

re
po

rt
s
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is

of
un

co
rr
el
at
ed

sp
at
ia
l
eff

ec
ts
.
L
R

te
st

(O
L
S
vs
.

M
O
D
E
L
)
re
po

rt
s
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is
of

no
sp
at
ia
ld

ep
en
de
nc
e.

T
he

L
R

te
st

(S
E
M

vs
.
SD

M
)
em

pl
oy

s
th
e
co
m
m
on

fa
ct
or

re
st
ri
ct
io
n
of

B
ur
ri
dg

e
(1
98
1)
.

T
he

L
R

te
st

(S
E
M

vs
.
SD

E
M
)
an

d
th
e
L
R

te
st

(S
A
R

vs
.
SD

M
)
st
at
is
ti
cs

re
po

rt
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is

th
at

th
e
re
st
ri
ct
ed

m
od

el
is

th
e
tr
ue

m
od

el
.

St
an

da
rd

er
ro
rs

in
pa

re
nt
he
se
s
ar
e
cl
us
te
re
d
at

th
e
N
U
T
S
II

le
ve
l
(2
6
re
gi
on

s)
.
*,

**
an

d
**

*
de

no
te

st
at
is
ti
ca
l
si
gn

ifi
ca
nc

e
at

th
e
10

,
5
an

d
1
p
er
ce
nt

le
ve
l
re
sp
ec
ti
ve
ly
.

30



T
ab

le
5:

T
es
ti
ng

th
e
N
E
G

m
od

el
:
P
an

el
sp
at
ia
lfi

xe
d-
eff

ec
ts

es
ti
m
at
es

us
in
g
al
te
rn
at
iv
e
sp
at
ia
lw

ei
gh

t
m
at
ri
x
sp
ec
ifi
ca
ti
on

s,
20
08
-2
01
7

O
u
tc

om
e

va
ri

ab
le

N
at

u
ra

l
lo

ga
ri

th
m

of
av

er
ag

e
ye

ar
s

of
sc

h
oo

li
n
g

SA
R

SE
M

SD
E
M

SD
M

SA
R

SE
M

SD
E
M

SD
M

(1
.1
)

(1
.2
)

(1
.3
)

(1
.4
)

(2
.1
)

(2
.2
)

(2
.3
)

(2
.4
)

M
ar

ke
t

A
cc

es
s

D
ir
ec
t
sp
at
ia
le

ffe
ct

0.
16
2∗
∗∗
(0
.0
23
)

0.
29
6
(0
.3
15
)

0.
17
5
(0
.1
64
)

0.
09
1
(0
.1
71
)

0.
21
1∗
∗∗
(0
.0
37
)

0.
25
6
(0
.5
61
)

0.
12
1
(0
.1
54
)

-0
.0
21

(0
.1
87
)

In
di
re
ct

sp
at
ia
le

ffe
ct

0.
88
4∗
∗∗
(0
.1
13
)

-
-

0.
95
4∗
∗∗
(0
.2
83
)

0.
84
6∗
∗∗
(0
.1
14
)

-
-

1.
06
9∗
∗∗
(0
.2
88
)

T
ot
al

sp
at
ia
le

ffe
ct

1.
04
7∗
∗∗
(0
.1
26
)

0.
29
6
(0
.3
15
)

0.
17
5
(0
.1
64
)

1.
04
5∗
∗∗
(0
.1
35
)

1.
05
7∗
∗∗
(0
.1
45
)

0.
25
6
(0
.5
61
)

0.
12
1
(0
.1
54
)

1.
04
7∗
∗∗
(0
.1
39
)

S
p
at

ia
l
d
ep

en
d
en

ce
ρ
(s
pa

ti
al

la
g)

0.
89
8∗
∗∗
(0
.0
16
)

-
-

0.
89
7∗
∗∗
(0
.0
15
)

0.
86
7∗
∗∗
(0
.0
17
)

-
-

0.
86
3∗
∗∗
(0
.0
17
)

λ
(s
pa

ti
al

er
ro
r)

-
0.
96
5∗
∗∗
(0
.0
23
)

0.
90
9∗
∗∗
(0
.0
12
)

-
-

0.
95
4∗
∗∗
(0
.0
43
)

0.
87
7∗
∗∗
(0
.0
16
)

-
θ
(s
pa

ti
al

la
g
of

M
A
)

-
-

0.
74
5∗
∗∗

(0
.2
42
)

0.
08
4
(0
.1
89
)

-
-

0.
84
0∗
∗∗

(0
.2
15
)

0.
26
1
(0
.2
16
)

W
al
d
te
st

(λ
=

0
)

-
17
40
.9
7∗
∗∗

60
23
.4
9∗
∗∗

-
-

49
9.
11
∗∗
∗

31
60
.8
9∗
∗∗

-
W
al
d
te
st

(ρ
=

0
)

32
60
.5
8∗
∗∗

-
-

36
78
.2
9∗
∗∗

25
67
.7
5∗
∗∗

-
-

24
81
.4
6∗
∗∗

W
al
d
te
st

(θ
=

0
)

-
-

8.
89
∗∗
∗

0.
20

-
-

15
.1
9∗
∗∗

1.
46

L
R

te
st

(O
L
S
vs
.
M
O
D
E
L
)

14
19
.4
5∗
∗∗

13
34
.1
5∗
∗∗

13
82
.1
8∗
∗∗

14
20
.3
7∗
∗∗

12
09
.1
5∗
∗∗

10
89
.1
0∗
∗∗

11
86
.6
6∗
∗∗

12
18
.1
5∗
∗∗

L
R

te
st

(S
E
M

vs
.
M
O
D
E
L
)

-
-

48
.0
3∗
∗∗

12
.1
1∗
∗∗

-
-

97
.5
5∗
∗∗

11
.3
8∗
∗∗

L
R

te
st

(S
A
R

vs
.
M
O
D
E
L
)

-
-

-
0.
92

-
-

-
9.
00
∗∗
∗

L
M

er
ro
r
(B

ur
ri
dg

e)
60
2.
70
∗∗
∗

-
-

-
49
3.
01
∗∗
∗

-
-

-
L
M

er
ro
r
(R

ob
us
t)

8.
42
∗∗
∗

-
-

-
0.
04
27

-
-

-
L
M

la
g
(A

ns
el
in
)

75
3.
35
∗∗
∗

-
-

-
58
9.
18
∗∗
∗

-
-

-
L
M

la
g
(R

ob
us
t)

15
9.
07
∗∗
∗

-
-

-
96
.2
1∗
∗∗

-
-

-
L
og
-li
ke
lih

oo
d

20
88
.3

20
45
.7

20
69
.7

20
88
.8

19
83
.2

19
23
.2

19
71
.9

19
87
.7

A
ka
ik
e
In
fo
rm

at
io
n
C
ri
te
ri
on

-4
16
2.
68

-4
07
7.
38

-4
12
3.
41

-4
16
1.
59

-3
95
2.
38

-3
83
2.
33

-3
92
7.
88

-3
95
9.
38

R
-s
qu

ar
ed

(o
ve
ra
ll)

0.
63
4

0.
53
4

0.
59
6

0.
63
6

0.
57
9

0.
51
8

0.
56
6

0.
56
8

R
-s
qu

ar
ed

(w
it
hi
n)

0.
90
0

0.
87
5

0.
87
3

0.
90
0

0.
89
6

0.
87
9

0.
87
4

0.
89
6

R
-s
qu

ar
ed

(b
et
w
ee
n)

0.
51
9

0.
46
7

0.
51
9

0.
51
4

0.
48
6

0.
45
5

0.
48
3

0.
45
8

H
au

sm
an

te
st

25
.0
7∗
∗∗

29
4.
5∗
∗∗

-
22
.7
6∗
∗∗

27
.5
2
∗∗
∗

18
.0
0
∗∗
∗

-
17
.8
3∗
∗

In
cl
ud

e
re
gi
on

al
co
nt
ro
ls
?

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
ot
es
:
T
he

un
it

of
ob

se
rv
at
io
n
is

th
e
pr
ov
in
ce
-y
ea
r.

N
=
81
0.

M
ar
ke
t
ac
ce
ss

is
ex
pr
es
se
d
as

na
tu
ra
l
lo
ga
ri
th
m
.
C
ol
um

ns
(1
.X

)
em

pl
oy

a
ro
w
-n
or
m
al
iz
ed

qu
ee
n
co
nt
ig
ui
ty

an
d

co
lu
m
ns

(2
.X

)
em

pl
oy

a
k-
ne
ar
es
t
ne
ig
hb

or
(k
=
4)

sp
at
ia
l
w
ei
gh

t
m
at
ri
x.

H
au

sm
an

te
st

re
po

rt
s
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is

of
un

co
rr
el
at
ed

sp
at
ia
l
eff

ec
ts
.
L
R

te
st

(O
L
S

vs
.
M
O
D
E
L
)
re
po

rt
s
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is
of

no
sp
at
ia
l
de
pe

nd
en
ce
.
T
he

L
R

te
st

(S
E
M

vs
.
SD

M
)
em

pl
oy
s
th
e
co
m
m
on

fa
ct
or

re
st
ri
ct
io
n
of

B
ur
ri
dg

e
(1
98
1)
.
T
he

L
R

te
st

(S
E
M

vs
.
SD

E
M
)
an

d
th
e
L
R

te
st

(S
A
R

vs
.
SD

M
)
st
at
is
ti
cs

re
po

rt
th
e
ch
i-
sq
ua

re
fo
r
th
e
nu

ll
hy

po
th
es
is

th
at

th
e
un

re
st
ri
ct
ed

m
od

el
is

th
e
tr
ue

m
od

el
.
St
an

da
rd

er
ro
rs

in
pa

re
nt
he
se
s
ar
e
cl
us
te
re
d
at

th
e
N
U
T
S
II

le
ve
l
(2
6
re
gi
on

s)
.
*,

**
an

d
**
*
de
no

te
st
at
is
ti
ca
l
si
gn

ifi
ca
nc
e
at

th
e
10
,
5
an

d
1
pe

rc
en
t
le
ve
l
re
sp
ec
ti
ve
ly
.

31



T
ab

le
6:

T
es
ti
ng

th
e
N
E
G

m
od

el
:
In
st
ru
m
en
ta
lv

ar
ia
bl
es

pa
ne
lfi

xe
d-
eff

ec
ts

es
ti
m
at
es
,2

00
8-
20
17

O
u
tc

om
e

va
ri

ab
le

N
at

u
ra

l
lo

ga
ri

th
m

of
av

er
ag

e
ye

ar
s

of
sc

h
oo

li
n
g

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

M
ar
ke
t
ac
ce
ss

1.
03
0∗
∗∗

(0
.0
45
)

0.
97
6∗
∗∗

(0
.0
41
)

1.
01
3∗
∗∗

(0
.0
46
)

0.
99
8∗
∗∗

(0
.0
61
)

1.
02
3∗
∗∗

(0
.0
20
)

0.
98
7∗
∗∗

(0
.0
24
)

N
um

be
r
of

ob
se
rv
at
io
ns

81
0

81
0

81
0

56
7

81
0

81
0

R
-s
qu

ar
ed

(c
en
te
re
d)

0.
87
90

0.
87
70

0.
87
93

0.
89
40

0.
87
90

0.
87
90

In
cl
ud

e
re
gi
on

al
co
nt
ro
ls
?

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

F
ir
st
-s
ta
ge

F
st
at
is
ti
c

11
86
1.
22

[0
.0
00
0]

38
90
.2
9
[0
.0
00
0]

87
97
.2
7
[0
.0
00
0]

19
06
.8
6
[0
.0
00
0]

20
5.
29

[0
.0
00
0]

29
3.
71

[0
.0
00
0]

U
nd

er
id
en
ti
fic
at
io
n
te
st

16
.1
3
[0
.0
00
3]

15
.8
5
[0
.0
00
4]

15
.1
2
[0
.0
00
5]

17
.3
4
[0
.0
00
6]

23
.5
7
[0
.0
05
0]

22
.6
1
[0
.0
07
1]

R
ed

un
da

nc
y
te
st

2.
82
5
[0
.0
92
8]

11
.0
15

[0
.0
00
9]

2.
61
8
[0
.1
05
6]

10
.8
55

[0
.0
01
0]

23
.2
36

[0
.0
01
6]

22
.8
16

[0
.0
01
8]

H
an

se
n
J
st
at
is
ti
c

1.
23
3
[0
.2
67
0]

3.
32
3
[0
.0
68
3]

0.
48
0
[0
.4
88
6]

20
.4
8
[0
.0
00
0]

22
.4
5
[0
.0
04
1]

22
.0
8
[0
.0
04
7]

C
on

di
ti
on

al
L
R

10
.8
4
[0
.0
02
1]

13
.2
5
[0
.0
00
8]

12
.4
9
[0
.0
01
0]

3.
69

[0
.0
85
2]

20
.6
9
[0
.0
09
4]

19
.7
2
[0
.0
11
6]

E
nd

og
en

ei
ty

te
st

3.
20
2
[0
.0
73
6
]

2.
48
2
[0
.1
15
0]

3.
63
0
[0
.0
56
7]

0.
25
1
[0
.6
17
0]

0.
78
8
[0
.3
75
0]

0.
26
3
[0
.6
08
0]

W
ea
k
id
en
ti
fic
at
io
n
te
st

11
86
1.
2

38
90
.3

87
97
.2
7

19
06
.9

20
5.
3

29
3.
7

N
ot
es
:
T
he

un
it

of
ob

se
rv
at
io
n
is

th
e
pr
ov
in
ce
-y
ea
r.

M
ar
ke
t
ac
ce
ss

is
ex
pr
es
se
d
as

na
tu
ra
l
lo
ga
ri
th
m
.
In

co
lu
m
ns

(1
),

(2
)
an

d
(3
)
th
e
na

tu
ra
l
lo
ga
ri
th
m

of
m
ar
ke
t
ac
ce
ss

is
in
st
ru
m
en
te
d
by

it
s
fir
st

an
d
th
e
se
co
nd

or
de
r
sp
at
ia
ll
ag
s
us
in
g
a
ro
w
-n
or
m
al
iz
ed

qu
ee
n
co
nt
ig
ui
ty
,a

sp
ec
tr
al

in
ve
rs
e
di
st
an

ce
an

d
a
k-
ne
ar
es
t

ne
ig
hb

or
(k
=
4)

sp
at
ia
l
w
ei
gh

t
m
at
ri
ce
s,

re
sp
ec
ti
ve
ly
.
C
ol
um

n
(4
)
us
es

up
to

an
d
in
cl
ud

in
g
th
e
th
ir
d
or
de
r
ti
m
e
la
gs

of
th
e
na

tu
ra
l
lo
ga
ri
th
m

of
m
ar
ke
t

ac
ce
ss

as
in
st
ru
m
en
ts
.
C
ol
um

ns
(5
)
an

d
(6
)
re
sp
ec
ti
ve
ly

us
e
th
e
su
m

of
di
st
an

ce
an

d
th
e
in
ve
rs
e
su
m

of
di
st
an

ce
as

in
st
ru
m
en
ts
.
T
he

un
de
ri
de
nt
ifi
ca
ti
on

te
st

re
po

rt
s
th
e
K
le
ib
er
ge
n-
P
aa
p
rk

L
M

st
at
is
ti
c
an

d
th
e
p-
va
lu
e
fo
r
th
e
nu

ll
hy

po
th
es
is

th
at

th
e
eq
ua

ti
on

is
un

de
ri
de
nt
ifi
ed

(i
.e
.
th
e
ex
cl
ud

ed
in
st
ru
m
en
ts

ar
e
ir
re
le
va
nt
).

T
he

w
ea
k
id
en
ti
fic
at
io
n
te
st

re
po

rt
s
th
e
K
le
ib
er
ge
n-
P
aa
p
W
al
d
rk

F
-s
ta
ti
st
ic

an
d
th
e
p-
va
lu
e
fo
r
th
e
nu

ll
hy

po
th
es
is

th
at

th
e
eq
ua

ti
on

is
w
ea
kl
y
id
en
ti
fie
d.

St
oc
k
an

d
Y
og

o
(2
00
5)

w
ea
k
id
en
ti
fic
at
io
n
te
st

cr
it
ic
al

va
lu
es

fo
r
10

an
d
15

pe
rc
en
t
m
ax

im
al

IV
si
ze

ar
e
5.
44

an
d
3.
87

re
sp
ec
ti
ve
ly
.

M
or
ei
ra

(2
00
3)
’s

co
nd

it
io
na

l
lik

el
ih
oo

d
ra
ti
o
re
po

rt
s
th
e
w
ea
k
id
en
ti
fic
at
io
n-
ro
bu

st
in
fe
re
nc
e
lik

el
ih
oo

d
ra
ti
o
an

d
th
e
p-
va
lu
e
fo
r
th
e
nu

ll
hy

po
th
es
is

th
at

th
e
co
effi

ci
en
t
of

m
ar
ke
t
ac
ce
ss

is
ze
ro
.
H
an

se
n
J
st
at
is
ti
c
re
po

rt
s
th
e
ch
i-
sq
ua

re
an

d
th
e
p-
va
lu
e
fo
r
th
e
jo
in
t
nu

ll
hy

po
th
es
is

th
at

th
e
in
st
ru
m
en
ts

ar
e

un
co
rr
el
at
ed

w
it
h
th
e
er
ro
r
te
rm

an
d
th
at

th
e
ex
cl
ud

ed
in
st
ru
m
en
ts

ar
e
co
rr
ec
tl
y
ex
cl
ud

ed
fr
om

th
e
es
ti
m
at
ed

eq
ua

ti
on

(i
.e
.
th
e
in
st
ru
m
en
ts

ar
e
va
lid

).
T
he

re
du

nd
an

cy
te
st

re
po

rt
s
th
e
ch
i-
sq
ua

re
an

d
th
e
p-
va
lu
e
fo
r
th
e
nu

ll
hy

po
th
es
is

th
at

th
e
in
st
ru
m
en
ts

ar
e
re
du

nd
an

t.
T
he

en
do

ge
ne
it
y
te
st

re
po

rt
s
th
e

ch
i-
sq
ua

re
an

d
th
e
p-
va
lu
e
fo
r
th
e
nu

ll
hy

po
th
es
is
th
at

th
e
na

tu
ra
l
lo
ga
ri
th
m

of
m
ar
ke
t
ac
ce
ss

is
ex
og
en
ou

s.
St
an

da
rd

er
ro
rs

in
pa

re
nt
he

se
s
ar
e
cl
us
te
re
d
at

th
e
N
U
T
S
II

le
ve
l
(2
6
re
gi
on

s)
.
P
-v
al
ue
s
in

br
ac
ke
ts
.
*,

**
an

d
**
*
de
no

te
st
at
is
ti
ca
l
si
gn

ifi
ca
nc
e
at

th
e
10
,
5
an

d
1
pe

rc
en
t
le
ve
l
re
sp
ec
ti
ve
ly
.

32



B Figures

Figure 1: Average Years of Schooling

(a) 2008

(b) 2017
Source:Turkstat (2019), Authors’ own calculations
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Figure 2: Regional CPI-deflated market access, 2003=100 (in natural logs)

(a) 2008

(b) 2017
Source:Turkstat (2019), Authors’ own calculations
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Figure 3: Relationship between Human Capital Development and Distance-2008
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Figure 4: Relationship between Human Capital Development and Distance-2017
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