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The aim of this paper is to explore the
evolution of socioeconomic development and
income disparities and convergence patterns
across Turkish provinces, emphasizing the
impact of spatial heterogeneities. We propose
two types of contributions to the literature. 
First, most of the studies that apply the β-
convergence method presume a unique β
parameter, assuming that all regions
homogenously converge to the steady state at
the same pace. However, we argue that
relaxing this assumption by way of considering
spatial heterogeneities might be more
informative. Second, we provide a simple
solution to a severe problem: The neoclassical
model assumes a monotonic saddle path along
which economic fluctuations are not
considered, which might be particularly
influential with regard to convergence when
the time span is too short to capture long-term 
evolution. Many empirical studies cover only
short periods, which may be easily dominated
by recessions or expansions, significantly
biasing the results. To overcome this problem, 
we look into two datasets covering long
periods (1963–2017 and 1975–2021). Having 
applied various empirical methods, such as
spatial regressions, GWR and nonparametric
regressions, we obtain several results. First, at
the country level, there is empirical evidence of 
regional convergence and decreasing
development inequalities. Second, however,
this convergence process is not valid in all
areas. We conclude that there is nonnegligible
spatial heterogeneity that should be taken into
account in such analyses. 

1 For affiliation see Hasan Engin Duran, PhD. 



744 Hasan Engin Duran–Burcu Değerli Çifçi–Berfin Karabakan–Fehmi Doğan 

 

Regional Statistics, Vol. 14. No. 4. 2024: 743–767; DOI: 10.15196/RS140406 

Introduction 

In the literature on economic disparities, many papers have analysed the tendency 
towards income inequalities across countries/regions over the long run (see Magrini 
2004, Cörvers–Mayhew 2021 for a review). These analyses rely mostly on the 
neoclassical (NC) growth model and on an implicit convergence hypothesis. The NC 
model states that under certain assumptions, economic growth relies on capital 
accumulation, labour, savings and technological progress (Ramsey 1928, Swan 1956, 
Cass 1965, Koopmans 1965, Barro–Sala-i Martin 1991, 1992, 1995, Solow 1956). 
Moreover, assuming all else is equal, it is hypothesized that economies with 
comparatively lower per-head initial incomes progress faster than other economies 
due to decreasing returns on production factors; thus, all economies will tend to 
approach a steady state at which income disparities will disappear and there will be a 
homogenization of prosperity (Solow 1956, Swan 1956, Baumol 1986, Barro–Sala-i 
Martin 1991, 1992, 1995, Armstrong 1995, Armstrong−Taylor 2000). 

In the literature, an alternative view is proposed by proponents of economic 
geography underlying the necessity of including spatial properties in economic 
analysis (Krugman 1991, 1997, [9], Krugman−Venables 1992). Similarly, cumulative 
causation theory (Myrdal 1957) emphasizes the spatially cumulative process of growth 
and the enlargement of spatial disparities. 

By following the premises of economic geography and the neoclassical view, the 
literature has examined whether economic disparities and inequalities are entrenched 
in spatial disparities, as highlighted by Kanbur and Venables (2005), and it has been 
questioned in the literature whether they consequently contribute to social inequality 
(Israel−Frenkel 2018). 

In a regional context, several empirical studies have analysed the evolution of 
disparities and convergence over the last several decades (Barro–Sala-i Martin 1991, 
1992; Purwono et al. 2021, Egri−Tánczos 2018, Maulana−Aginta 2022, Nemes 
Nagy−Tagai 2011). Studies on the US primarily point to the convergence of 
regional/state-level incomes to each other over the last century (Rey−Montouri 1999, 
Carlino−Mills 1993). Although far from conclusive, studies on EU regions indicate a 
convergence process (Cuadrado-Roura 2001, Goecke–Hutner 2016, Armstrong 
1995). The decrease in regional inequalities has been argued to be driven mostly by 
rising factor mobility, increased structural (cohesion) funds targeted at low-income 
regions, advancements in ICT and innovation, knowledge spillovers, and the creation 
of human capital, whereas increasing (or persistent) inequalities are mostly due to 
inadequacy in investments, productivity, and human capital in backwards regions 
(Solow 1956, Barro–Sala-i Martin 1991, 1992, Armstrong−Taylor 2000, Baumol 1986, 
Lucas 1988, Romer 1986, 1990, Mankiw et al. 1992, Grossman−Helpman 1990). 

It has been emphasized in the literature that examining the role of spatial 
dependence and spillovers with regard to economic disparities is important. 
Regardless of the discussions about the speed of economic convergence, it is 
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hypothesized that in certain circumstances, there could be nonconvergence (or slow 
convergence) in certain places/areas (Beenstock−Felsenstein 2008, Ramajo et al. 
2008). We test this in the case of Turkey by considering spatial heterogeneity as a 
factor in our calculations and examining a longer time span, which might mitigate 
some of the problems related to selecting a homogenous period. 

There are a number of studies that have historically dealt with this issue in the case 
of Turkey; however, the findings of these studies have been inconclusive as to 
whether there is convergence. Among the most notable ones, [6] found conditional 
convergence among geographical regions during the 1975–1990 period. In contrast, 
Temel et al. (1999) examined the same period and determined that there are 
expanding economic disparities across the provinces. According to Erk, Ateş, and 
Direkçi (2000), who focused on the 1979–1997 period, there was no convergence 
across geographical regions and provinces. Sağbaş (2002) highlighted the reduction in 
inequalities across provinces between 1986 and 1997. Enlarging income disparities 
were found across provinces over the 1975–2000 period ([8]). Gezici–Hewings 
(2007), focusing on the 1980–1997 period, found declining inequalities, whereas 
Yıldırım et al. (2009) found narrowing inequalities from 1987 to 2001. Kırdar and 
Saraçoğlu (2012) state that income inequality across provinces expanded during the 
1975–2000 period. Karahasan (2015) examined the NUTS-2 region and observed that 
income disparities increased between 2003 and 2008. Karaca (2018), covering the 
longest time span (1960–2010) among all related studies, emphasizes rising 
inequalities. Although these studies are inconclusive, the commonality is the presence 
of a remarkable level of regional inequality. 

In contrast to studies of income inequality, regional disparities in 
human/socioeconomic development have attracted limited attention, as they 
represent welfare (or synonymously the well-being) from a wider perspective. While 
GDP per capita measures only income level, “development” indicates not only the 
level of income but also the level of many other aspects, such as social, environmental, 
education, health and other related issues (Ünal 2008, Yoloğlu 2021). Originally, the 
neoclassical growth theory and convergence hypothesis were proposed, particularly 
for income levels (Solow 1956, Barro−Sala-i Martin 1991). However, we wish to 
adopt a wider perspective on development and welfare. Hence, we will mainly analyse 
inequalities in human/socioeconomic development, but we will also provide an 
additional analysis of income disparities. 

Fewer studies have investigated regional disparities in human/socioeconomic 
development. Ünal (2008) studied human development disparities across Turkish 
provinces by taking into account income, health, and education variables. Similarly, 
Gülel et al. (2017, 2021) compared human development levels across provinces/ 
regions. These limited studies revealed large disparities across regions. The 
socioeconomic development disparities were specifically analysed by Yoloğlu (2021) 
across the Turkish districts over the period 1980–2004. Yoloğlu (2021) found that up 
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to a certain threshold of development, there is convergence among the districts, 
whereas after the threshold, there is divergence. There are also other studies in the 
literature that have focused on similar issues (for further information, see Şen et al. 
2006, Özkubat–Selim 2019). In short, the results on regional inequalities in Turkey 
are far from conclusive with regard to whether there is convergence or divergence 
across provinces since the results change substantially with respect to the period 
analysed and the adopted methods. 

We seek to extend the literature in two dimensions: 
First, in the literature on regional disparities, a common method of estimating the 

evolution of inequalities is the β-convergence method, according to which the initial 
income of regions is regressed on growth rates over a given time period. While doing 
this, a great majority of the studies assume a unique “β” convergence parameter in a 
linear framework, assuming that all regions homogenously approach the unique 
steady state at the same pace (Barro–Sala-i Martin 1991, 1992, Armstrong 1995, 
Duran 2015, Eckey−Turck 2007). However, it is valuable to relax this assumption 
and allow for spatial heterogeneity and nonlinearity in the convergence process since 
regions differ substantially from each other in terms of industrial, social, economic, 
and demographic structure (Duran 2015, Yoloğlu 2021, Beenstock−Felsenstein 2008, 
Ramajo et al. 2008). Doing so has merits in that it might be more informative about 
the evolution of development disparities and convergence. One possible way of 
taking into consideration such heterogeneity is the geographically weighted regression 
(GWR) method, which is employed by a limited number of studies in this context 
(see Öcal–Yildirim 2010, Karahasan 2018, Yildirim–Öcal 2013 for some exceptions 
in the case of Turkey). However, the majority of the studies using GWR adopted per 
capita GDP in convergence analysis, but we also focused on socioeconomic 
development, which represents a more general and conventional measure of welfare 
and well-being. 

Second, we provide a simple solution to a severe problem faced in the current 
literature. The NC model assumes a monotonic saddle path along which economic 
fluctuations are not taken into account; however, fluctuations might influence 
convergence dynamics, particularly when the time span is too short to capture long-
term evolution (Duran 2014, Magrini et al. 2015, Petrakos et al. 2005). Many empirical 
studies on Turkey adopt a 15–20-year period of study, which may overlap primarily 
with a recession or prolonged expansion that may significantly bias the results, as 
regional inequalities may evolve in a procyclical or countercyclical fashion (Duran 
2014, Magrini et al. 2015, Petrakos et al. 2005, Pekkala 2000). Hence, the period of 
analysis should be as long as possible to mitigate such distortions driven by business 
cycle effects. Consequently, we analysed two periods, 1963–2017 and 1975–2021, 
which represent quite long time spans (54 years and 46 years, respectively) in the 
literature on Turkey in this field. 
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Thus, the purpose of this study is to analyse the extent of socioeconomic and 
development disparities and their evolution and convergence patterns across Turkish 
provinces by exploring spatial heterogeneities over a long period of time. 

Data and method 

Theoretical and methodological framework 

The neoclassical model considers the following production framework (Ramsey 1928, 
Swan 1956, Cass 1965, Koopmans 1965, Barro–Sala-i Martin 1991, 1992, 1995, Solow 
1956): 

                     𝑦௧ = 𝐴𝑘௧ఈ                                             (1) 
where y is the income per capita and k is the per capita capital accumulation. A is the 
level of knowledge, which may also be termed total factor productivity; thus, the 
economic growth process is linked to capital accumulation and progress in 
technology. 

After linear approximations and simplifications, scholars have developed a 
reduced form of convergence regression model (Baumol, 1986; Barro–Sala-i Martin 
1991, 1992; Rey–Montouri 1999; Gömleksiz et al. 2007): 

           𝑙𝑛 ൬ ௬೔,೟௬೔,೟షೖ൰ = 𝛼 + 𝛽𝑙𝑛 𝑦௜,௧ି௞ + 𝛿𝑍௜,௧ି௞ +  𝑢௜,௧                            (2) 𝑙𝑛 ൬ ௬೔,೟௬೔,೟షೖ൰ represents economic growth over the period of analysis, whereas 𝑙𝑛 𝑦௜,௧ି௞ 

denotes the initial income; Z represents the set of conditioning (control) variables, 
which may consist of capital stock, investments, labour force-related variables 
(population growth, human capital), innovation, technology, savings, etc. (Barro–
Sala-i Martin 1991, 1992, 1995, Baumol 1986, Beenstock−Felsenstein 2008; Lucas 
1988, Romer 1986, 1987, 1990, Mankiw et al. 1992, Grossman–Helpman 1990, 
Yanıkkaya 2001; Gömleksiz et al. 2007). 

The literature has focused on two convergence classes. i. In the absolute 
convergence equation, 𝛿 is assumed to be equal to zero, and a significant 𝛽<0 implies 
a convergence pattern and declining inequalities across regions; in contrast, the 
conditional convergence framework occurs when 𝛿 ≠ 0, which assumes that the 
features of the steady state rely on the control variables (Z) (Barro–Sala-i Martin 1991, 
1992, 1995; Baumol 1986; Lucas 1988; Beenstock-Felsenstein 2008; Romer 1986, 
1987,1990; Mankiw et al. 1992; Grossman–Helpman 1990; Yanıkkaya 2001; 
Gömleksiz et al. 2007). 

We opt for the former (absolute convergence) since the data on provincial control 
variables (such as physical capital stock, labour, and human capital) historically are 
unavailable and beyond the purpose of our study. 
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Data and variables 

We obtained social and economic development data by using the official data sources 
listed in Table 1 below [12], [13]. 

Below, in Table 1, we document the variables used and their definitions, sources 
and measurements. 

Table 1 
Definition of variables 

Variable name Definition and measurement Data sources 

dev1963 

relative socio-economic development 
(SED) score of 67 provinces in 1963; the 
index is calculated in the following way: 
dev1963=(𝑆𝐸𝐷௜ − 𝑚𝑖𝑛)/(𝑚𝑎𝑥 −𝑚𝑖𝑛) [15] 

https://www.sanayi.gov.tr/merkez-
birimi/b94224510b7b/sege/il-sege-
raporlari (report for 1969) 
report name (in Turkish): Türkiye'de İller 
İtibariyle Sosyo Ekonomik Gelişmişlik 
Endeksi, State Planning Organization, 
Prime Ministry, 1969 [13] 

dev2017 

relative socio-economic development 
(SED) score of 67 provinces in 2017; the 
index is calculated in the following way: 
dev2017 = (𝑆𝐸𝐷௜ − 𝑚𝑖𝑛)/(𝑚𝑎𝑥 −𝑚𝑖𝑛) 
[15]  

https://www.sanayi.gov.tr/merkez-
birimi/b94224510b7b/sege/il-sege-
raporlari (report for 2017) 
report name (in Turkish): İLLERİN ve 
BÖLGELERİN SOSYO- EKONOMİK 
GELİŞMİŞLİK SIRALAMASI 
ARAŞTIRMASI SEGE-2017, Ministry of 
Industry and Technology, General 
Directorate of Development Agencies, 
Republic of Turkiye [12] 

d_dev=dev2017–
dev1963 

change in relative SED over the 54 years, 
representing the relative development 
progress of the provinces 

own calculation 

ln(rgdpc1975) 

relative real per capita GDP for 67 
provinces at 1987 constant prices 
 ln(rgdpc1975) = ln(𝑔𝑑𝑝𝑐௜/𝑔𝑑𝑝𝑐തതതതതതത) 
where 𝑔𝑑𝑝𝑐௜ is the GDP per person, 𝑔𝑑𝑝𝑐തതതതതതത is the 
cross-provincial mean 

[8], [17], Kasman−Turgutlu (2009) 

ln(rgdpc2021) 

relative real per capita GDP for 67 
provinces, deflated by using TUIK’s CPI 
index 
ln(rgdpc2021) = ln(𝑔𝑑𝑝𝑐௜/𝑔𝑑𝑝𝑐തതതതതതത) 

[17] 

d_rgdpc= 
ln(rgdpc2021)–     
ln(rgdpc1975) 

progress in relative per capita GDP own calculation 

The first class of variables is development scores (dev). It is in the form of relative 
values, calculated by using dev= (𝑆𝐸𝐷௜ − 𝑚𝑖𝑛)/(𝑚𝑎𝑥 −𝑚𝑖𝑛), where 𝑆𝐸𝐷௜ is the 
socioeconomic development score of province i. 

The development variable SED includes many different subvariables (headings) 
related to the social, economic, environmental, and related development of variables. 
In detail, development variables in 1963 include a mixture of the following variables 
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related to urbanization, modernization of agriculture, industrialization, organization, 
and services [12], [13]. Similarly, the development variable in 2017 also included many 
different subvariable groups, including demographic variables, innovative capacity, 
education, accessibility, health, employment, financial variables, quality of life and 
competitiveness (Tekin−Doğan 2022) [12], [13]. These indicators are similar to the 
UNDP’s human development indices but include a broader range of indicators [15]. 

Max. and min. operators represent the highest and lowest values (across 
provinces) of development scores in a specific year. Hence, the dev variable takes 
values between 0 (least developed) and 1 (most developed province). dev1963 and 
dev2017 represent the relative scores of development for the initial year and end year, 
respectively. d_dev = dev2017–dev1963 denotes the change (progress) in the 
development scores. 

The second class of variables is per capita GDP. The initial year is 1975, and the 
end year is 2021. The variables are in relative form, and the change in the relative per 
capita GDP represents the comparative progress in economic growth. Such that 
ln(rgdpc1975) denotes the initial relative GDP per capita (with constant 1987 prices); 
each value is divided into a cross-provincial mean, and the relative GDP is obtained 
as ln(rgdpc1975) =ln (𝑔𝑑𝑝𝑐௜/𝑔𝑑𝑝𝑐തതതതതതത). For the end-year, ln(gdpc2021) similarly represents 
the relative per capita income in 2021 (deflated by TUIK’s CPI index) [17]. Finally, 
d_rgdpc is the change in relative per capita income over time. 

The development variables capture the development of provinces not only in 
relation to income, health and education but also in relation to social factors and many 
other dimensions (the details can be found in the related reports cited in Table 1). 

Another important note is related to the number of provinces analysed. In Turkey, 
there were 67 provinces in 1963 and 1975 and 81 provinces in 2017 and 2021, as some 
of the districts became provinces over time, particularly after 1980. For 1963, we use 
all 67 available provinces. For the year 2017, we assume that the other 14 provinces 
are blank (missing value in the analysis, in grey in Figure 4) and focus on the other 
67 provinces. The 67 provinces in 1963 were identical to those in 2017, keeping in 
mind that 14 recently emerged provinces had belonged “as districts” to other 
provinces in 1963. 

Descriptive and ESDA analysis 

In terms of descriptive analysis, we focus on the development indicator since it is our 
focus variable. We initially provided descriptive statistics (Table 3). The analysis 
included basic measures (mean, median, standard deviation, maximum, minimum) of 
the two variables (dev1963, dev2017) as well as distributional properties such as 
skewness, kurtosis and Jarque–Bera test statistics of normality (Jarque–Bera 1980, 
1987, Bera–Jarque 1981). 

Next, we present the kernel density estimations in Figure 1 of the two variables 
(dev1963 and dev2017) to visualize the explicit view and evolution of the distributions 
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(Simonoff 1996, Marron–Nolan 1988, Hardle 1991, 1992, [16]). Accordingly, in 
Figure 2, basic plots (maps) of dev1963 and dev2017–dev1963 are presented. 

To investigate the possible spatial associations, we applied Global Moran I plots 
(Figure 3) to the dev1963 and dev2017–dev1963 variables. The table shows the degree to 
which the provinces are correlated with their neighbouring provinces for a specific 
variable (see Moran 1950, Rey–Montouri 1999 for details). For instance, positive and 
significant statistics indicate a positive spatial dependence of high (low)-valued provinces 
surrounded by high (low)-valued neighbours. A threshold type inverse distance (distance 
band) spatial weight matrix has been employed ([7], Anselin 1988, [1]). 

Regression analysis 

The general regression framework we consider is as follows: 
             𝑑𝑒𝑣௜,௧ − 𝑑𝑒𝑣௜,௧ି௞ = 𝛼 + 𝛽𝑑𝑒𝑣௜,௧ି௞+𝑒௜,௧                            (3) 

  𝑙𝑛 (𝑟𝑔𝑑𝑝𝑐௜,௧) − 𝑙𝑛 (𝑟𝑔𝑑𝑝𝑐௜,௧ି௞) = 𝛼 + 𝛽𝑙𝑛 (𝑟𝑔𝑑𝑝𝑐௜,௧ି௞)+𝑒௜,௧             (4) 
To choose the correct model, we apply Lagrange multiplier tests (LMs) to the 

regression in Equation 3. There are five types of spatial autocorrelation tests: LM-
error, LM-lag, robust LM-error, robust LM-lag, spatial autoregressive moving average 
(SARMA) and Anselin–Kelejian tests. LM-error and robust LM-error tests assume 
spatial dependence among residuals, whereas LM-lag and robust LM-lag tests assume 
spatial dependence in the dependent variable. SARMA provides a comprehensive test 
(Anselin 1988, Elhorst 2010, 2014, [3], [4], [5], Anselin et al. 1996, Anselin–Rey 1991, 
Anselin−Moreno 2003). A threshold type inverse distance (distance band) spatial 
weight matrix has been employed ([7], Anselin 1988, [1]). 

The test results are provided in Table 2. 
Table 2 

Spatial LM tests*  

Test type Test statistic P value 

LM lag 18,122*** 0,0000 
Robust LM lag 4,515*** 0,0336 
LM error 20,33*** 0,0000 
Robust LM lag 6,724*** 0,0095 
SARMA 24,846*** 0,0000 
Anselin–Kelejian test 6,604*** 0,0102 

* Data sources: [10]–[17]. 
** Represents statistical significance at 5 % (0.01<p-value<0.05), *** represents statistical significance at 1 %  

(p-value<0.01). 
Note: To run the Anselin-Kelejian test, the 2SLS model is run first using the GMM estimator in the GEODAspace 

program, in which d_dev is the endogenous variable and ln(rgdpc1975) is the instrument (Kelejian−Prucha 1998, 1999, 
2007, Anselin−Kelejian 1997, [2], Arraiz et al. 2010, Drukker et al. 2013). 

Regardless of the type of test, they are all significant, indicating the necessity of 
incorporating, particularly, spatial error models since they are more significant. 
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As two of the most comprehensive models, we prefer the SEM and  
Durbin–SEM. A general model is provided by Durbin (1960): 𝑑_𝑑𝑒𝑣௜,௧ = 𝛼 + 𝛽 𝑑𝑒𝑣௜,௧ି௞ + ∅𝑊𝑙𝑛 𝑑𝑒𝑣௜,௧ି௞ +𝑒௜,௧      𝑒௜,௧=λW 𝑒௝,௧             (5) 

Differently from Equation (3), spatial components are added. W represents the 
spatial weight matrix. We employ two types of models: i. the full model, as in Equation 
5 (Durbin–SEM); and ii. SEM model when ∅ = 0,  which are estimated by using a 
maximum likelihood estimator (Fisher 1922a, b, Manski 1993, Anselin 1988, Elhorst 
2010, 2014, Anselin et al. 1996, LeSage 2008, LeSage–Pace 2009, Anselin–Rey 1991, 
Durbin 1960). 

In terms of the spatial weight matrix, we adopted primarily a threshold-type 
inverse distance (distance band) spatial weight matrix since it is more convenient and 
reliable since it provides a continuous measure of proximity rather than assuming 
discrete (1/0) neighbourship, as in other matrix forms. 

Focusing on 67 provinces and excluding 14 provinces did not harm the spatial 
weight matrices since there were no provinces left without a neighbour. Hence, 
technically, this approach did not cause an error. However, we also obtained 
alternative results using a queen-type contiguity matrix ([7], Anselin 1988, [1]). 

Alternatively, we adopt the following model using GDP per capita: 𝑑_𝑟𝑔𝑑𝑝௜,௧ = 𝛼 + 𝛽𝑙𝑛 (𝑟𝑔𝑑𝑝𝑐௜,௧ି௞) + ∅𝑊𝑙𝑛 (𝑟𝑔𝑑𝑝𝑐௜,௧ି௞)+𝑒௜,௧    𝑒௜,௧=λW 𝑒௝,௧    (6) 
Next, we incorporated spatial heterogeneities by referring to geographically 

weighted regression (GWR) (Paez et al. 2011, Fotheringham et al. 2002). This is a 
useful tool for estimating the local coefficients of a certain independent variable. In 
our context, the 𝛽 coefficient, assumed previously to be spatially invariant, can be 
estimated for specific regions (Paez et al. 2011, Fotheringham et al. 2002). As a result, 
the GWR regression has the following form:   𝑑𝑒𝑣௜,௧ − 𝑑𝑒𝑣௜,௧ି௞ = 𝑑_𝑑𝑒𝑣௜,௧ = 𝛼 + 𝛽௜𝑑𝑒𝑣௜,௧ି௞+𝑢௜,௧                           (7) 𝑑_𝑟𝑔𝑑𝑝௜,௧ = 𝛼 + 𝛽௜ln (𝑟𝑔𝑑𝑝௜,௧ି௞)+𝑢௜,௧                                    (8) 

While the dependent and independent variables are the same as in Equations 3 
and 4, 𝛽௜ is allowed to vary across provinces, thereby capturing spatial heterogeneity.2 

Finally, we apply a nonparametric regression to capture the nonlinearity in the 
convergence regression Equations 3,4. Usually, it is standard for a linear framework 
to assume a unique convergence parameter (𝛽), which is spatially invariant throughout 
the country. By relaxing this assumption, we aim to complement the GWR analysis 
and allow nonlinearity with varying 𝛽 across the regions. The regression function has 
the following shape:       𝑑_𝑑𝑒𝑣௜,௧ = 𝛼 + 𝑓( 𝑑𝑒𝑣௜,௧ି௞)+𝑢௜,௧                                       (9)  

        𝑑_𝑟𝑔𝑑𝑝௜,௧ = 𝛼 + 𝑓(ln (𝑟𝑔𝑑𝑝௜,௧ି௞))+𝑢௜,௧                               (10) 
The function was estimated by using two techniques: i. nearest neighbour LOESS 

fit, ii. Kernel Regression (Duran 2015, Nadaraya 1964, Cleveland 1979, 1981, 1993, 
1994, Cleveland–Devlin 1988, Fan–Gijbels 1996, Chambers et al. 1983, Fan–Marron 
  

2 The data of coordinates has been obtained from [10].  
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1994, Watson 1964, Simonoff, 1996, Hardle 1991, 1992, [16]). Both methods are 
known to be superior and reliable in the literature.3 

Empirical results 

Descriptive and ESDA results 

Initially, we summarize the basic distributional properties of the development scores 
(dev) for the initial and final years in Table 3. It is remarkable that the coefficient of 
variation (CoV) has declined from 0.87 (1963) to 0.56 (2017), which indicates a 
tendency towards a decrease in development inequalities and homogeneity of the 
development distribution. Nevertheless, the most recent value of the CoV (0.56) still 
indicates a wide gap between the provinces. The degree of skewness and kurtosis has 
also decreased substantially over the years. The Jarque–Bera test statistic has also 
fallen remarkably, which signals that the deviation of the distribution from normality 
has decreased (Jarque–Bera 1980, 1987, Bera–Jarque 1981). In light of these findings, 
one may argue that development scores tend to be distributed more homogenously 
and that there exists a tendency towards a normal distribution. 

To complement these results, we illustrate the kernel density probability 
distribution of the development scores for the two different years in Figure 1. 
Although there was a unimodal but skewed distribution in 1963, in 2017, the visual 
shape of the distribution looked more similar to a normal distribution. However, it is 
important to note that in 2017, the distribution became bimodal since a second mode 
was observed. 

Table 3 
Descriptive statistics of development indices*  

Indicator dev1963 dev2017 

Mean 0,189 0,316 
Median 0,153 0,305 
Maximum 1,000 1,000 
Minimum 0,000 0,000 
Standard deviation 0,163 0,178 
CoV=standard deviation/mean 0,866 0,563 
Skewness 2,480 0,885 
Kurtosis 11,613 5,323 
Jarque–Bera 275,782*** 23,816*** 

* Data sources: [10]–[17]. 
** Represents statistical significance at 5 % (0.01<p-value<0.05), *** represents statistical significance at 1 %  

(p-value<0.01). 

  
3 In terms of statistical softwares and tools, we use Eviews 4, Eviews 10, Geoda, GeodaSPace, R “SPDEP”, 

“Spatialreg” and “SPGWR” packages and other supplementary R packages in the empirical analysis [2], [3], [4], [5]. 
We use the online tool at www.datawrapper.de for the creation of maps [14]. 
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Figure 1 
Kernel density plots of development indexes, normal distribution assumed*  

   1a. 1963                                                         1b. 2017 

 
* Data sources: [10]–[17]. 

The geographical distribution of socioeconomic development and spatial 
characteristics are of particular interest. 

Initially, we present the maps of the initial development score (dev1963) and its 
change over time (dev2017–dev1963). Figure 2a clearly shows that Metropolitan, 
Western and Mediterranean cities, including the provinces of Izmir, Ankara, Istanbul 
and Adana, are the most developed places. These provinces are mostly specialized in 
the industrial and services sectors and are considered to have higher productivity. 

In Figure 2b, we observe obvious patterns of provincial progress in development. 
Several southwestern provinces are located on the Aegean/Mediterranean coast and 
in its hinterland, several provinces surround the Istanbul Port hinterland, and some 
Eastern and Northern Anatolian cities have mostly experienced progress. Some 
socioeconomic factors might have influenced such progress: industrialization and the 
increasing importance of ports, trade and financial liberalization trends worldwide, 
and the development of the service sector, additionally, tourism might have played an 
important role in this development pattern (Gezici–Hewings 2007, Yildirim et al. 
2009, Karaca 2004 [8], 2018, Yoloğlu 2021). 
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Figure 2 
Plots of the variables* 

  2a. dev1963                                   2b. dev2017-dev1963 

 
* Data sources: [10]–[17]. 

We explore the presence of spatial dependence by using Moran I plots and 
statistics (Moran 1950) and present the outcomes in Figure 3. For the year 1963, (3a.) 
The development scores’ Moran’s I statistic is moderate (0.24) and positive. 
Additionally, the progress of development over the 54 years (in Figure 3b.) exhibits a 
moderate and positive spatial association (0.28). Both figures demonstrate a positive 
sloped fit-line that represents the degree of spatial dependence. 

Figure 3 
Moran plots* 

3a. Moran’s I: 0.243                                     3b. Moran’s I: 0.281 

 
* Data sources: [10]–[17]. 

Hence, the results suggest a nonnegligible positive spatial relatedness. Spatial 
spillovers of development among neighbouring provinces are possibly driven by trade, 
financial linkages, commuting patterns, migration and the spatially cumulative 
(agglomerative) nature of some sectors, such as industry, manufacturing, trade, etc. 
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(Myrdal 1957, Armstrong 1995, Ellison−Glaeser 1999, Krugman 1991, 1997, [9], 
Krugman–Venables 1992, LeSage 2008, LeSage–Pace 2009, Armstrong–Taylor 2000). 

Given the empirical evidence and its theoretical importance, the spatial dimension 
should be taken into account in the remaining analysis. 

Regression analysis results 

To inferentially analyse the convergence dynamics, we performed a regression analysis 
of three types: i. linear regression, ii. GWR, iii. Nonparametric (nonlinear) regression. 

i. Linear regression 

First, we estimate the regression model in Equations 3–6, in different nonspatial and 
spatial forms and by alternatively using i. development variable and ii. GDP per capita. 

The estimation results are shown in Table 4. In the upper panel, the results of the 
analysis are shown for the socioeconomic development variable (dev). In column 1, 
there are simple OLS estimations. The estimated β coefficient is negative but not 
significant, indicating no evidence of convergence. SEM and Durbin–SEM are shown 
in columns 2–3. The story changes when spatiality is incorporated. In all spatial 
regressions, β is negative and significant. This provides evidence supporting 
convergence. Therefore, relatively less developed provinces tend to progress faster to 
catch up with other provinces. 

Table 4 
Regression results, spatial weight matrix: threshold,  

distance band inverse distance* 
Dependent variable: d_dev OLS SEM SEM–Durbin 

Constant 0.139615*** 0.15931*** 0.122695*** 
y1963 –0.0661443 –0.174769*** –0.158638** 
Spatial lag y1963   0.180046 
Lambda  0.613221*** 0.558356*** 

Estimation method OLS maximum likelihood maximum likelihood 
R-Squared 0.013766   
AIC –127.397 –143.887 –142.854 

Dependent variable: d_rgdpc OLS SEM SEM–Durbin 

Constant 0.00199644 2,34E+00 0.00860242 
ln(rgdpc1975) –0.263599*** –0.236681*** –0.334713*** 
Spatial lag ln(rgdpc1975)   0.170431 
Lambda  –0.233578 –0.201412 
R-squared 0.202581   
AIC –8,601 –9,588 –9,818 

* Data sources: [8], [10]–[17]. 
** Represents statistical significance at 5 % (0.01<p-value<0.05), *** represents statistical significance at 1 %  

(p-value<0.01). 
Note: for OLS and maximum likelihood details, see Gujarati and Porter (2003). 
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In all spatial models, the spatial parameter (lambda) is positive and significant. 
Thus, development has evolved spatially such that development progress in 
neighbouring provinces spills over to the surrounding provinces and helps their 
progress. This may be triggered by trade and financial linkages among neighbouring 
provinces, commuting patterns and the spatially cumulative (agglomerative) nature of 
some sectors, such as industry, manufacturing, and trade (Myrdal 1957, Armstrong 
1995, Krugman 1991, 1997, [9], Krugman–Venables 1992, LeSage 2008, LeSage–Pace 
2009, Armstrong–Taylor 2000). The spatial lag of the initial development scores is 
also positive but not significant, supporting the previous argument above. 

With regard to income convergence, the estimation results using per capita GDP 
are shown in the bottom panel of Table 4. The beta coefficient is consistently negative 
and significant in all regressions, indicating clear evidence of decreasing regional 
income inequalities and convergence. Overall, we report evidence of declining 
regional inequalities and convergence in both income levels and development degrees 
over the long-term period. 

The results of an alternative analysis implemented by using a queen-type contiguity 
matrix are presented in Table 5. These results are consistent with the previous 
regression results in Table 5. Although there are minor differences, the main 
implications, such as the sign and significance of the beta coefficient, are almost the 
same. Hence, we can argue that the results are consistent across different weight 
matrices. 

Table 5 
Regression results, spatial weight matrix: queen contiguity matrix * 

Dependent variable: d_dev OLS SEM SEM–Durbin 

Constant  0.139615*** 0.176539*** 0.11723*** 
y1963 –0.0661443 –0.310143*** –0.242594*** 
Spatial lag y1963    0.2656** 
Lambda    0.745667*** 0.662043*** 

Estimation method OLS maximum likelihood maximum likelihood 

R-Squared  0.013766     
AIC –127.397 –164.863 –167.7 

Dependent variable: d_rgdpc OLS maximum likelihood maximum likelihood 
Constant 0.00199644 –0.0115019 0.0200728 
ln(rgdpc1975) –0.263599*** –0.380827*** –0.513606*** 
Spatial lag ln(rgdpc1975)    0.417176*** 
Lambda   0.344692** 0.165228 
R-squared  0.202581     
AIC –8,601 –11,544 –20,385 

* Data sources: [8], [10]–[17]. 
** Represents statistical significance at 5 % (0.01<p-value<0.05), *** represents statistical significance at 1 %  

(p-value<0.01). 
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ii. GWR results 

As explained before, one of the main motivations of this paper is to explore the spatial 
heterogeneity in the convergence process (as in Karahasan 2020). The previous results 
in Tables 4 and 5 assume a unique convergence parameter (𝛽), which is assumed to 
be spatially invariant throughout the country but which is unlikely to occur in reality. 
The GWR approach adopts a highly general method that allows estimation of the 
local convergence parameter (in Equations 7 and 8). Therefore, this method is more 
informative and reliable. The results are illustrated in Figure 4 (local beta coefficients 
and estimated R-squares). 

Figure 4 
GWR results*  

4a. localR2-gdpc                                   4b. local beta-gdpc 

     
4c. localR2-development                      4d. local beta-development 

     
Note: grey-coloured provinces are excluded from the study and analysis. 
* Data sources: [8], [10]–[17]. 

At a glance, a rather different story appears to emerge when compared to linear 
regression results: 

Spatial heterogeneity is also clearly present in the GWR analysis for per capita 
GDP (Equation 8) (Figure 4a–4b). These visual results are consistent with those of 
Karahasan (2020), Öcal−Yildirim (2020) and Yildirim−Öcal (2013), whose analyses 
adopted different regression/variable specifications and different time periods than 
did our study. In all the provinces, the beta coefficient is negative; however, its 
magnitude is quite heterogeneous, ranging between –0.79 and –0.21. The 
convergence speed is very slow in the western regions and faster in the majority of 
the middle and eastern Anatolian provinces. Hence, most of the mid-eastern and 
eastern provinces seem to benefit from high income convergence, which helps reduce 

0.22             0.45                                                     –0.79          –0.21  

0.26             0.56                                                     –0.33              0.52  
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the income gap between the eastern and western provinces, whereas several provinces 
in the far northeast have relatively slower convergence speeds. 

Regarding the model using development scores (Equation 7, Figure 4c–4d), it is 
observed that the convergence parameter is negative in most of the provinces except 
for some provinces that have a positive convergence parameter. Hence, convergence 
of development in Turkey may occur in the Western, Mediterranean, Middle 
Anatolian, most of the Black Sea, mid-southern and some of the eastern and 
southeastern regions, in contrast to nonconvergence among some of the provinces in 
the northeast (including also some provinces along the Black Sea) and some of the 
remaining eastern provinces. 

iii. Nonparametric regression results 

To complement the results obtained by GWR, we present the results of 
nonparametric regression in Figure 5, which also relaxes the unique β assumption. In 
the upper panel, Equation 9 is applied where development scores are used, whereas 
in the bottom panel, Equation 10 is applied in which per capita GDP is applied. 

In Figure 5a, the regression estimated under the linear framework indicates a 
moderate convergence process. However, the nonparametric regressions in sections 
5b and 5c tell a totally different story, which is quite consistent with the results 
obtained from the GWR analysis; therefore, less developed regions with development 
scores of approximately 0–0.1 progress relatively worse during development. Regions 
with initially moderate development scores of approximately 0.2–0.4 progressed quite 
well, but regions with initial development scores above 0.4 progressed relatively worse 
during development. These results contrast with those of Yoloğlu’s (2021) study on 
district-level development disparities between 1985 and 2004, which also revealed a 
nonlinear pattern but in a different shape. 

This pattern may be related to economic development over the last 54 years. In 
Turkey, until 1980, an import substitution growth model was applied 
(Akyildiz−Eroğlu 2004). Globalization, trade and financial liberalization trends 
worldwide increased after the 1980s and may have converted the hinterlands of 
metropolitan areas, tourism regions and hinterlands of major ports into growth 
poles/hubs, particularly in manufacturing and trade, consistent with the 
agglomerative nature of these sectors (Perroux 1950, 1955, Akyildiz−Eroğlu 2004, 
Armstrong 1995, Krugman 1991, 1997, Krugman–Venables 1992, LeSage 2008, 
LeSage–Pace 2009, Armstrong–Taylor 2000, Gezici−Hewings, 2007, Yildirim et al. 
2009, [8], 2018, Yoloğlu 2021). Hence, middle-level developed provinces progressed 
more than did highly developed and least developed provinces. 

With regard to the results of the analysis using income per capita, in Figure 5d 
shows a clear convergence of per capita income. In contrast to the results of the 
analysis using development scores, the nonlinear relationship in Figure 5e and 5f 
seems less evident, although there is some nonlinearity indicating spatial 
heterogeneities. 
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Figure 5 
Nonparametric regressions, scatterplots* 

5a. Linear fit 5b. LOESS fit  
(degree=1, span=0.5000) 

5c. Kernel fit (normal, 
h=0.1500, degree=2) 

 
5d. Linear fit 5e. LOESS fit  

(degree=1, span=0.5000) 
5f. Kernel fit (normal, 
h=0.4457, degree=2) 

 
* Data sources: [8], [10]–[17]. 

Conclusion 

In this paper, we analysed the convergence of socioeconomic development levels 
across Turkish provinces between 1963 and 2017. 

After applying a variety of empirical tools, we reach several important conclusions. 
First, at the aggregate level, there is empirical evidence that development and income 
levels tend to converge among provinces. In other words, the income and 
development disparities decrease over time. 

However, at the disaggregate level, this convergence process is not homogenously 
valid for all regions/areas. Hence, we understand that there is spatial heterogeneity in 
development that should be taken into account in such analysis. Failing to do so leads 
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to both misleading policy implications and under- or overestimation of the 
convergence process for particular provinces. 

Our results have several important policy implications. First, there is a need for 
place-specific policies, particularly those targeted at the socioeconomic development 
of more relatively backwards regions. The further improvement of physical and social 
infrastructure, ICT, transportation, human and social capital, and policies targeted at 
mitigating outmigration and its detrimental effects are among the possible policies to 
be implemented. One may suggest several policies targeted at improving economic 
integration to the rest of the world, such that large industrial ports, logistic centres 
and free trade zones in less developed provinces may represent a solution. 

By following comprehensive and place-specific policies can cohesion and 
socioeconomic development be reached for all regions; otherwise, as suggested by 
Israel and Frenkel (2018), allowing market forces to run production leads to economic 
disparity within countries. In the period between 1985 and 2005, spatial inequality 
increased worldwide (Kanbur−Venables 2005), and we believe that this trend has 
continued since then. Global trends as well as local developments highlight the 
necessity of policy interventions for improving economic inequality 
(Kanbur−Venables 2005). 
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