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ABSTRACT
This article explores how foreign direct investment (FDI) and other determinants impact income
inequality in Turkey in the short- and long-run. We apply the nonlinear auto-regressive distrib-
uted lag (ARDL) modelling approach, which is suitable for small samples. The data for the study
cover the years from 1970 to 2008. The empirical results indicate the existence of a co-integration
relationship among the variables with asymmetric adjustment of the income distribution in the
short- and long-run. The negative impact of FDI on the Gini coefficient, decreasing income
inequality, is statistically significant in the short- and long-run, though with a quantitatively
small impact in both cases. In the short run, GDP growth increases inequality initially, an effect
that is reversed in the next period, increases in domestic gross capital formation decreases
inequality, and increases in the literacy rate have very minor adverse effects on income equality.
However, in the long run these variables have no statistically significant effects on the Gini
coefficient. A reduction in the population growth rate reduces inequality in the short run but has
no effect in the long run, whereas an increase in the rate reduces inequality in the long run but
has no effect in the short run.
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I. Introduction

In recent decades, there have been numerous
investigations into the relationship between
income inequality and other variables. The litera-
ture indicates that income and wage inequality
have been rising in many countries since the
1970s. There is supporting evidence, for both
developed and developing countries, for an
increase in inequality (e.g. Diwan and Walton
1997). A crucial question is whether and what
role international trade has played in changes to
income distributions.1 We discuss in the next sec-
tion the mixed empirical evidence found for the
role of foreign direct investment (FDI) in affecting
income distributions. The relationship between
FDI and income inequality has potentially impor-
tant implications for economic policy.

Herzer, Hühne, and Nunnenkamp (2014) point
out that there are only a few empirical studies that
look at FDI and income inequality for low to
middle income countries, such as Turkey.
Furthermore, Turkey has been included in a few
panel studies along with other countries. However,
while panels increase the overall number of obser-
vations, it may be preferable to consider countries
separately if sufficiently long time-series data are
available.2 Countries differ, for example in cultural
norms, institutions and social welfare programmes
for which it may be difficult to control for in
panels.3 We add to the literature on FDI and
income inequality by analysing the relationship
between FDI and income inequality in Turkey.
Turkey has seen a significant increase in FDI
inflows during the past decade. In fact, FDI
inflows to Turkey reached about 10 billion US

CONTACT Alfred Albert Haug alfred.haug@otago.ac.nz
1Related to the issue of FDI and income inequality is the relationship between trade liberalization and inequality. See Anderson, Tang, and Wood (2006),
Gourdon (2007) and Munshi (2008) for examples of empirical research. Anderson et al. find that globalization tends to narrow the gap between developed
and developing countries in the wages of less-skilled workers, but to widen the wage gap within developed countries between highly skilled and less-
skilled workers.

2Examples of panel studies on FDI and inequality that include Turkey are Im and McLaren (2015) for income inequality and Figini and Görg (2011) for wage
inequality.

3Favero, Giavazzi, and Perego (2011) make this point in regard to panels for fiscal policy analysis.
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dollars in 2005, compared with only 2.8 billion
dollars in 2004. This figure increased to around
20 billion dollars in 2006 and about 22 billion
dollars in 2007. However, between the years 1980
and 2000, the total amount over the entire period
was only around 15 billion dollars.

The Gini index of inequality (SWIID 2012) in
2004 was 42.5 in Turkey. It reached a value of 65.3
in that year for South Africa, at the higher end. The
index in 2004 was 45.8 for Mexico, 41.6 for China,
40.5 for Russia, 37.2 for the United States, 34.5 for
the United Kingdom, 31.0 for Taiwan, 30.9 for
South Korea, 27.8 for Germany and 22.6 for
Sweden to give just a few examples for comparison
purposes. Other alternative measures of inequality
have been suggested in the literature (Atkinson and
Brandolini 2009). However, the Gini index is the
only measure that is available for Turkey over our
full sample period. Also, it is the most commonly
used measure in studies on income inequality
and FDI.

Rising income inequality seems to have been
observed in Turkey. Bircan (2007) states that income
and wage inequality are high in Turkey. We investi-
gate how FDI inflows affect domestic income
inequality by using the nonlinear auto-regressive
distributed lag (NARDL) modelling approach to
co-integration. The NARDL method can be applied
regardless of whether variables have a unit root or
are covariance stationary. Furthermore, the method
corrects for endogeneity and serial correlation and
allows for possibly asymmetric (i.e. nonlinear)
adjustments of income inequality to movements in
other variables. In other words, increases and
decreases in other variables are allowed to affect
income inequality differently.

The remaining sections are organized as follows.
Section II presents an overview of related previous
studies. Section III explains the econometric
methodology and data used for examining the
relationship between FDI inflows and domestic
income inequality in Turkey. Section IV analyses
the relationship for the short- and long-run by
using NARDL modelling and presents empirical
results. Section V evaluates our findings and
concludes.

II. Literature review

There is a growing interest in examining the rela-
tionship between FDI and income inequality lately.
Choi (2006) states that, with the recent increase in
FDI, concerns about the effects of FDI on income
inequality have heightened. In this section, we pre-
sent the results of some recent closely related studies
which analyse the relationship between income
inequality and FDI. We should mention that theories
regarding the impact of FDI show that FDI may
increase or decrease income inequality.

Choi (2006) analyses the relationship between
FDI and income inequality within countries using
pooled Gini coefficients for 119 countries from 1993
to 2002. The author attempts to determine whether
FDI affects domestic income inequality. Choi finds
that income inequality increases as FDI stocks (as a
percentage of GDP) increase. On the other hand,
Figini and Görg (2011) analyse the relationship
between FDI and wage inequality by using a panel
of more than 100 countries for the period 1980–
2002. The authors argue that the effects of FDI differ
according to the level of development. The results
are that wage inequality decreases with FDI stocks in
developed countries, however for developing coun-
tries, ‘wage inequality increases with FDI stocks but
this effect diminishes with further increases in FDI’,
which qualifies the findings of Choi.

Another group of the panel studies examines the
relationship between FDI, income inequality and
economic growth specifically. For instance, Basu
and Guariglia (2007) examine the interactions
between FDI, inequality and growth, both from an
empirical and a theoretical point of view. They use a
panel of 119 developing countries and observe that
FDI promotes both inequality and growth.

A problem with pooled data or panel studies is
that individual country effects of FDI on income
inequality may differ substantially or even cancel
each other to some degree, and not be captured by
fixed or random effects. In other words, it may be a
missing variables problem. For this reason, indivi-
dual country studies or regional groups with similar
levels of development may be preferable. Herzer and
Nunnenkamp (2013) examine the effects of inward
and outward FDI on income inequality in Europe by
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using panel co-integration techniques and unba-
lanced panel regressions. The results show that, on
average, both inward and outward FDI have a
negative long-run effect on income inequality.4

Furthermore, teVelde (2003) analyses FDI and
income inequality for Latin America experiences.
The author reviews results with different data
sources and states that ‘all findings support the
conclusion that in most countries the relative
position of skilled workers has improved over
much of the late 1980s and early 1990s’. Moreover,
teVelde mentions that not all types of workers
necessarily gain from FDI to the same extent. In
another study on Latin America, Herzer, Hühne,
and Nunnenkamp (2014) investigate the long-run
impact of FDI on income inequality in five Latin
American host countries by applying country-speci-
fic and panel co-integration techniques. They find,
except for Uruguay, that FDI contributes to widen-
ing income gaps in all individual sample countries.

Jensen and Rosas (2007) examine the relationship
between investments of multinational corporations
(FDI) and income inequality in Mexico. They use an
instrumental variables approach and find that
increased FDI inflows are associated with a decrease
in income inequality within Mexico’s 32 states. On
the other hand, Tang and Selvanathan (2005) exam-
ine the relationship for China between FDI inflows
and regional income inequality using data for the
period 1978–2002 at national, rural and urban levels.
They find that FDI inflows are one of the main
factors that have led to increasing regional income
inequality at the national level, as well as in rural and
urban regions of China.

Finally, Bircan’s (2007) investigates the effects of
FDI in Turkey on the manufacturing sector in
terms of wages and productivity. Models are esti-
mated to demonstrate the impact of plant-level
foreign equity participation on wages. The results
indicate that ‘foreign plants pay on average higher
wages to their workers, and both production and
nonproduction workers benefit from foreign
ownership’.

III. Empirical modelling and econometric
methodology

Theoretical aspects of modelling income inequality

The conventional Heckscher–Ohlin model of inter-
national trade considers two countries that are iden-
tical, except for their resource endowments. If
emerging countries are deemed relatively abundant
in unskilled labour, and the opposite is true for
developed countries, then FDI should be concen-
trated in activities that use less-skilled labour inten-
sively in emerging economies, according to standard
trade theory.5 Then, FDI should lead to an increase
in the demand for low-skilled labour and drive up
wages of the low-skilled workers relative to the
wages of the skilled workers in the emerging econ-
omy. Therefore, income inequality will decline in the
emerging economy as FDI increases. However, when
the restrictive assumptions of the Heckscher–Ohlin
type model are relaxed, the effects of FDI on the
income distribution can be negative, leading to more
inequality. For example, Feenstra and Hanson (1996,
1997) present a model, along with empirical evi-
dence to support it, where FDI increases the relative
wage of the skilled workers in the emerging econ-
omy (Mexico) as well as in the developed economy
(the United States). The activities related to FDI in
their model employ relatively large amounts of
unskilled labour from the perspective of the devel-
oped country. However, from the perspective of the
emerging country, the labour used in FDI activities
in relatively large amounts is skilled labour and not
unskilled labour, comparing skilled and unskilled
labour within the Mexican labour market.

Another example of relaxing the assumptions of
the standard Heckscher–Ohlin type model is to
allow for production functions (technologies) that
differ across countries (e.g. Grossman and
Helpman 1991). FDI can have adverse effects on
income inequality in such a model. Further, techno-
logical change may be skill-biased (Wang and
Blomstrom 1992) and increase the relative wage of
skilled workers. Also, FDI can be seen as a vehicle

4Hanousek, Kočenda, and Maurel (2011) survey the literature on direct and spillover effects of FDI and conduct a meta-analysis for transition economies
going from a command to a market system in central and eastern Europe, the Balkans and the Commonwealth of Independent States. They find that the
weakening of FDI effects over time found in several studies is due to a publication bias in these studies. See also Herzer, Klasen, and Nowak-Lehman (2008)
on FDI and economic growth in general.

5The Stolper–Samuelson theorem predicts that trade (and FDI) would take advantage of the relatively abundant factor of production, which is low-skilled
labour in the emerging economy (see, e.g. Lee and Vivarelli 2006).
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for bringing new technologies into a country, with
spillover effects when imitation by local firms occurs
(Piva 2003). FDI can also lead to intra- and inter-
industry technology upgrading (Kinoshita 2000). If
these new technologies require relatively more
skilled than unskilled labour, relative wages of skilled
labour increase along with FDI (teVelde 2003).
Figini and Görg (2011) also consider FDI as a vehicle
to introduce new technology into a country, such as
FDI carried out by multinational firms. They use the
endogenous growth model of Aghion and Howitt
(1998). A new technological innovation in that
model leads to increases in wage inequality at the
early stage because firms use skilled labour to imple-
ment the new technology. However, at later stages
less skilled labour is used when the new technology
has been implemented and more wage equality is the
result.6

Various other theoretical models and explana-
tions of the relationship between FDI and income
inequality have been proposed in the literature. For
example, FDI can cause crowding out of domestic
production (Aitken and Harrison 1999) and invest-
ment (Berg and Taylor 2001). Moreover, the
employment effects of FDI may be country- and
sector-specific (Lee and Vivarelli 2006). Here, FDI
affects the income distribution via relative wages.
Overall, on a theoretical level the direct and indirect
effects of FDI could improve or worsen income
inequality.

The empirical model

The links between income inequality and FDI are
multifaceted. In the econometric analysis, we do not
only use FDI as a determinant of income inequality.
A nonlinear model will be used to test the hypothesis
of causality and study the long-run relationship for
Turkey. We explore the effects of the following vari-
ables on income inequality:

GINI ¼ f ðFDI;GDPGR;GFC; INF;KOFPOL;
LR; POPGR;TRADEÞ (1)

Inequality is measured by the Gini index (GINI),
and FDI is the stock of FDI in Turkey, expressed as a

percentage of GDP. GDPGR is the growth rate of the
real GDP calculated from changes in natural loga-
rithms and expressed in US dollars based on period-
average exchange rates. Economic growth increases
the income ‘pie’ in a country but the increase may or
may not benefit all members of society. Also, there
may be reverse causality from the income distribu-
tion to economic growth, depending on the level of
development of a country, and more inequality
could either help or hinder economic growth. GFC
is gross domestic fixed capital formation as a per-
centage of GDP. FDI competes with domestic capital
for domestic workers, which may possibly push up
domestic wages and down the income to capital and
therefore should be included as a control variable to
capture the influence of domestic capital formation
(investment) on the distribution of income (e.g. Berg
and Taylor 2001, and Im and McLaren 2015). INF is
the annual inflation rate, based on the GDP deflator.
It is a measure of the stance of monetary policy and
economic conditions in general. Economic uncer-
tainty and high inflation affect financial markets
and income from them and therefore the income
distribution. KOFPOL is the political stability index
that we will explain in the data section in more
detail. LR is the annual adult literacy rate in per
cent and POPGR is the annual population growth
rate. The literacy rate is a broad measure of educa-
tion levels, or human capital, which reflects basic
skill levels and therefore is related to returns to
education and income. TRADE measures trade
flows and trade openness. It is the sum of exports
and imports as a percentage of GDP. In this study,
we take into account only the macroeconomic fac-
tors that affect the Gini coefficient, with a particular
emphasis on FDI.

The choice of variables is motivated by related
studies on inequality and FDI. Figini and Görg
(2011) use a Gini coefficient, though specific to
manufacturing wages, and as an alternative a mea-
sure related to the UTIP Theil index (discussed in
Section IV) in a panel study with 103 countries from
1980 to 2002. They regress either the inequality
index on inward FDI stocks (as a percentage of
GDP), GDP per capita, education (students enrolled
in secondary schools, or, alternatively, people

6A related literature, surveyed by Ostry, Berg, and Tsangarides (2014), debates at what point inequality becomes harmful to economic growth and swamps
any positive effects of inequality on growth that stem from providing rewards for effort and innovation.
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holding a secondary degree, each as a percentage of
the population) and TRADE defined in the same way
as earlier. Similar variables are employed in the
study by Basu and Guariglia (2007) in a panel of
119 countries with nonoverlapping 5-year averages
from 1970 to 1999. They regress a Gini coefficient
for the population aged 15 years and over on FDI
inflows (as a present of GDP), GDP growth, invest-
ment/GDP, education (the average years of second-
ary education of those aged 25 years and over) and
TRADE. Instead of investment, we use gross domes-
tic capital formation because investment data are not
available. To capture human capital, we use the
literacy rate instead of other schooling data, for the
same reason. In addition, Basu and Guariglia used
the monetary aggregate M2 (M2/GDP). It is a mea-
sure of financial liquidity in the economy. We will
explore this measure as part of our robustness ana-
lysis in the empirical section, along with the
exchange rate.

We employ the Gini coefficient as the dependent
variable and explore whether it is co-integrated with
other variables. Co-integration in our model is based
on the Gini index having a unit root along with
some or all of the other variables in the model.
Herzer and Nunnenkamp (2013) state that Gini
coefficients cannot strictly be a pure unit-root pro-
cess because Gini indices are bounded from below
and above and a true unit-root process would cross
any bound with probability 1. However, in the rele-
vant range in small samples, unit-root behaviour
may approximate the unknown true data generating
process much better than a near-unit-root process
with very high persistence. Gini coefficients are
likely affected by permanent shocks to factors such
as tastes, time preferences and government policies,
which lead to unit-root behaviour. In a unit-root
process, shocks have permanent effects, in contrast
to, say, a mean-reverting stationary process where
they have only temporary effects. Guest and Swift
(2008) found that the Gini coefficients are stationary
in first differences and are therefore I(1) for all
countries in their study. Similarly, Chintrakarn,
Herzer, and Nunnenkamp (2012) state that Gini
coefficients are integrated and co-integrated with
other variables (determinants) for the United States.

The econometric methodology

First, we focus on examining the time-series proper-
ties of our data before estimating the model of
inequality in Equation 1. We analyse the data for a
unit root in the levels and also for a unit root in the
first differences, that is we test for I(1) and I(2).
Next, we examine the long-run relationship of
income inequality with its determinants. The resi-
dual-based co-integration tests are sensitive to the
specification of the test regression and the tests can
lead to conflicting results, especially when there are
more than two I(1) variables in the analysis. The
model of income inequality is estimated within the
context of recent developments in econometric
methodologies, particularly with respect to co-inte-
gration analysis and error-correction models
(ECMs) that allow estimation of both the short-run
and long-run dynamics. We will apply a nonlinear
co-integration analysis but will first discuss the lin-
ear analysis for ease of exposition.

The linear ARDL model and FM-OLS
In order to estimate the co-integration relationship
and the associated long-run coefficients we use two
different estimation methods: the auto-regressive
distributed lag (ARDL) approach to co-integration
(Pesaran and Shin 1998) and the fully modified
ordinary least squares (FM-OLS) method of
Phillips and Hansen (1990). Both methods correct
for endogeneity and serial correlation in co-integrat-
ing regressions, thereby providing asymptotically
unbiased and asymptotically (fully efficient) nor-
mally distributed estimates of the co-integrating
coefficients. These methodologies have proven to
produce reliable estimates in small samples and pro-
vide a cross-check for the robustness of the results.7

The advantage of the ARDL method is that it can be
applied regardless of whether variables are I(0) or
I(1), whereas FM-OLS relies on variables that are
I(1). Moreover, it is generally the case that the time
span of the period considered for the empirical ana-
lysis is of crucial importance when studying long-
run relationships, such as co-integration. The fre-
quency of observation is of lesser importance
(Haug 2002). In other words, moving from annual

7The time period that we look at is not very long but these methodologies are the best available in this case. See Pesaran and Shin (1998) for more
information. In particular, the ARDL method applied here uses simulations for proper inference in small samples.
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to quarterly data would certainly increase the sample
size but it would likely not help much in terms of
getting better estimates for the long-run coefficients
that we are most interested in.

In what follows we briefly explain these two meth-
odologies. Assume that the long-run formulation of
the co-integration regression is

yi ¼ μþ δt þ θ0xt þ vt (2)

where Δxt ¼ et and �t ¼ ðvt;e0tÞ0 follows a general
linear stationary process. In this case the ordinary
least squares (OLS) estimators of δ and θ are consis-
tent, but in general the asymptotic distribution of the
OLS estimator of θ involves the unit-root distribution
as well as a second-order bias in the presence of the
contemporaneous correlation that may exist between
νt and et. Therefore, the finite sample performance of
the OLS estimator is poor, and in addition nuisance
parameter dependences make inference on θ using
the usual t-test in the OLS regression of Equation 2
invalid. To overcome these problems, Phillips and
Hansen have suggested the FM-OLS estimation pro-
cedure that asymptotically takes account of these cor-
relations in a semi-parametric manner. FM-OLS
assumes that νt and et in Equation 2 follow a general
correlated linear-stationary process:

νt ¼ A1ðLÞut and et ¼ A2ðLÞεt (3)

where �t ¼ ðνt; e0tÞ0 are serially uncorrelated random
variables with zero means and a constant variance.
Assuming A1ðLÞ and A2ðLÞ are invertible, FM-OLS
takes into account the presence of a constant term
and possible correlation between the error term and
the differences of the regressors.

The use of the ARDL estimation procedure is
directly comparable to the semi-parametric FM-OLS
approach to the estimation of co-integrating relation-
ships. Pesaran and Shin proved that OLS estimators of
the ARDL model lead to consistent short-run para-
meter estimates and to super-consistent long-run
parameter estimates. Therefore, standard asymptotic
normal theory applies for carrying out statistical infer-
ence with the OLS parameter estimates, that is usual
F- and t-tests can be used. However, due to the
asymptotic nature of the model, it is necessary to
explore how well the ARDL methodology performs
in typical small samples. Pesaran and Shin have car-
ried out a Monte Carlo study with samples of size
T = (50, 100, 250). They also compare the ARDL

approach to the FM-OLS method of Phillips and
Hansen, which is the closest competitor for inference
with I(1) variables. They compare biases of the two
estimators, and size and power properties of asso-
ciated t-statistics in Monte Carlo simulations. They
find that the bias is generally smaller for the ARDL
estimates than for the FM-OLS estimates. Similarly,
empirical test sizes are much closer to their nominal
values for the ARDL method as compared with the
FM-OLS method. In addition, the ARDL method
leads to tests with higher power than the FM-OLS
method, as far as power comparisons are feasible.
However, Pesaran and Shin point out that their
Monte Carlo comparison of the two methods is not
‘comprehensive’ because the data generating process
used by them favours the ARDL method. For this
reason, we will apply nonlinear versions of both meth-
ods, ARDL and FM-OLS, in our empirical analysis. If
the results of the two methods are close to each other,
we can be quite confident that the results are fairly
reliable and robust.

We consider the following general ARDL (p, m)
model:

Δyi ¼ β0 þ πyyyt�1 þ πyxxt�1

þ
Xp

i¼1

#iΔyt�i þ
Xm�1

j¼0

ϕΔxt�j þ μt (4)

Here, πyy and πyx are long-run multipliers and β0 is
the drift. Lagged values of Δyt and current and
lagged values of Δxt are used to model the short-
run dynamic system. As a starting point for the
ARDL approach, one estimates Equation 4 in order
to examine first if there is a long-run relationship
among the variables by carrying out an F-test. In
cases where independent variables are integrated of
order 0 or 1, the null hypothesis of no long-run
relationship can be rejected if the F-statistic exceeds
the upper critical value. Conversely, it cannot be
rejected when the test statistic is below the lower
critical value. In the second step, when there is a
long-run relationship between variables, an error-
correction representation exists. The ECM estima-
tion result shows the speed of the adjustment back to
the long-run equilibrium after a short-run shock.

The nonlinear ARDL (NARDL) model
Shin, Yu, and Greenwood-Nimmo (2014) develop a
relatively simple method for modelling, in a
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coherent way, both short- and long-run asymmetry
in the ARDL framework, which they call the non-
linear ARDL or NARDL. They define the partial
sums xþt and x�t in the following way:

xþt ¼
Xt

j¼1

max Δxj; 0
� �

and

x�t ¼
Xt

j¼1

min Δxj; 0
� �

so that Equation 4 can be rewritten, as shown by
Shin, Yu, and Greenwood-Nimmo (2014), in the
following way:

Δyi ¼ α0 þ πyyyt�1 þ πþyxx
þ
t�1 þ π�yxx

�
t�1

þ
Xp

i¼1

γiΔyt�i þ
Xm�1

j¼0

ðϕþΔxþt�j þ ϕ�Δx�t�jÞ þ ζt

(5)

which is the NARDL model. The parameters πþyx
and π�yx capture the long-run co-integrating rela-

tionship between yt and the positive movements of
the variables in the xt vector, denoted xþt , and the
negative movements of the variables in the xt vec-
tor, denoted x�t . The variables yt, xþt and x�t form
the long-run equilibrium or co-integrating rela-
tionship. The asymmetric error-correction part of
the model consists of the two remaining terms
involving the summations, aside from the random
errors ζt. Shin, Yu, and Greenwood-Nimmo (2014)
prove that this NARDL model can be estimated
consistently by ordinary least squares. Also, the
bounds testing procedure of the ARDL model can
be applied as well to the NARDL model, regardless
of whether the regressors are I(0), I(1) or mutually
co-integrated. They carried out a Monte Carlo
study and show that the critical values from
Pesaran, Shin, and Smith (2001) are generally
appropriate, but they recommend selecting the cri-
tical values based on the number of variables
included prior to the decomposition into the par-
tial sums. Furthermore, long-run symmetry where
πþyx = π�yx and short-run symmetry where

Pm�1

j¼0
ϕþ ¼ Pm�1

j¼0
ϕ�can be tested with standard Wald

tests. They suggest following the general-to-specific
approach for testing these symmetry hypotheses.

IV. Data and empirical results

This section presents data sources and variable defi-
nitions, along with the empirical results for the rela-
tionship of income inequality (the Gini index or
coefficient) and FDI, controlling for the influences
of GDPGR, GFC, INF, KOFPOL, LR, POPGR and
TRADE. As our focus is on Turkey, for which data
availability is somewhat limited, we undertake a
time-series analysis with annual data for the period
from 1970 to 2008.

Data

The Gini index (GINI) of inequality in equalized
household disposable income, post-tax and post-
transfers was obtained from the SWIID (2012;
Standardized World Income Inequality Database,
version 3.1) of Solt (2009) and TURKSTAT (2007).
Alternative measures of income inequality for
Turkey are available but the time periods are too
short to be useful for regressions. The University of
Texas Income Inequality Project (UTIP; http://utip.
gov.utexas.edu/about.html) developed an alternative
inequality Theil index using wage and employment
statistics for the manufacturing sector but it has data
for Turkey only for the period from 1980 to 2001.
On the other hand, their estimated household
income inequality (EHII) data set for Turkey has
gaps and is continuously available only till the year
2000. Also, Atkinson and Brandolini (2009) discuss
the difficulties associated with measuring income
inequality. The Gini coefficient is commonly used
in studies related to FDI. For example, Herzer and
Nunnenkamp (2013) use it in a panel with eight
European countries from 1980 to 2000, and Herzer,
Hühne, and Nunnenkamp (2014) in a panel with
Latin American countries from 1980 to 2011.

The Turkish FDI stocks of inward FDI into Turkey
are from Lane and Milesi-Ferretti (2007), with updates
from www.philiplane.org/EWN.html. Figure 1 pro-
vides data, from the same source, for Mainland
China, South Korea and Taiwan, for the inward FDI
stocks as a percentage of GDP for comparison. Turkey
is similar to Taiwan and the graph for South
Korea shows similarities as well, except for the period
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1989–1997 and the spike in 1999 when South Korea
differed to a greater degree. China’s experience is simi-
lar until 1992 but after that date China saw a steep
increase in FDI until 1999 that is not matched by the
other countries. After 1999, FDI levelled off to stay at
around 20%, whereas the other countries levelled off at
around 12%, aside from a spike for Turkey in 2006 and
2007, reaching Chinese levels.

Turkey has experienced several military coups or
interventions in our sample period. This suggests
including a measure of political and economic sta-
bility in our analysis. Unfortunately, the World
Bank’s Worldwide Governance Indicators are only
available from 1996, initially biannually, and from
2002 annually. One indicator measures ‘political sta-
bility and absence of violence’. However, such a
short sample period gives us insufficient degrees of
freedom to run meaningful regressions. Therefore,
we use instead KOFPOL, which is the KOF political
globalization index from Dreher (2006), with
updates from Dreher, Gaston, and Martens (2008).
We treat it as an indicator of political stability in
Turkey because it is a proxy for external political
engagement (Dreher 2006, fn. 6, p. 1093), which we
would expect to decrease at times of military inter-
ventions. It is based on embassies in Turkey, Turkish
membership in international organizations, partici-
pation in UN Security Council missions and inter-
national treaties in place. This index started to fall
continuously from 1977 to reach a low in 1982 and
then gradually increased again to go above the 1977
level in 1988. This coincides with a military takeover
in Turkey in 1980. On the other hand, the index did
not fall by much around the date of the 1997 inter-
vention by the military (without seizing power) and
soon afterwards resumed its increase.

The real GDP growth rate (GDPGR) in constant
US dollars and the GDP deflator are from the World
Bank, as are GFC, POPGR, exports and imports as a
percentage of GDP (TRADE), the monetary aggre-
gate M2 as a percentage of GDP and (from 1974)
FDI net inflows (instead of stocks) as a percentage of
GDP. The adult literacy rate was retrieved from the
World Bank and TURKSTAT (2007). The average
annual US dollar exchange rate for the Turkish lira is
from Lane and Milesi-Ferretti.

Empirical results

The NARDL approach has the advantage that it does
not require pretesting of the regressors for the pre-
sence of unit roots, a problem that afflicts other
approaches to the estimation of long-run relations,
such as the FM-OLS approach of Phillips and Hansen
(see Pesaran 1997). This can be particularly an issue
when the unit-root test results are mixed, as they will
turn out to be in our case. In any event, we study first
the integrating order of all the variables by applying
standard unit-root tests. Unit-root tests allow us to
classify each series as being stationary or having one
or more unit roots. The NARDL (and ARDL)
approach allows for at most one unit root only.

The augmented Dickey–Fuller (ADF) and
Phillips–Peron (PP) tests are tests for the null hypoth-
esis of a unit root against the alternative hypothesis of
a stationary process around a constant mean or deter-
ministic time trend. The Kwiatkowski–Phillips–
Schmidt–Shin (KPSS) test considers instead the null
hypothesis of stationarity versus the alternative
hypothesis of a unit root. The ADF and PP test results
in Table A1 show that all variables are nonstationary
in levels and stationary in first differences (i.e. have a
unit root), except for possibly GDP growth (GDPGR).
Both tests indicate that GDP growth is likely station-
ary in levels, that is, is integrated of order zero,
denoted as I(0). The KPSS results corroborate these
findings for all variables with the following excep-
tions. The KPSS test indicates that GINI, GFC, INF,
KOFPOL and LR are possibly stationary in levels for a
5% significance level, which is contradicted by the
ADF and PP tests. However, the KPSS test results
are borderline cases and at the 10% level of signifi-
cance the null of stationarity is rejected for four out of
the five cases in favour of a unit root. Further, the
KPSS test indicates two unit roots forM2, but we rely
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Figure 1. Inward FDI stocks as a percentage of GDP.
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on the ADF and PP results that clearly reject two unit
roots. The only other cases of test conflict are for the
first differences of FDI and POPGR, where the ADF
test does not reject the null hypothesis, indicating two
unit roots or I(2). The ADF test may lack power,
especially in small samples like ours. A test developed
by Elliott, Rothenberg, and Stock (1996), using the
same kernel and bandwidth procedure as for the PP
test, is a modified version of the Dickey–Fuller t-test
that has substantially improved power (but may have
some size disadvantages) in small samples. This test
clearly rejects I(2) in favour of I(1) for POPGR, with a
test statistic value of 37.8, and for FDI with a value of
5.57 as well. Also, it is possible that the presence of
structural breaks leads to a spurious finding of either
I(0), I(1) or I(2) behaviour, depending on where in
the sample the break occurs (Leybourne, Mills, and
Newbold 1998). For this reason, we employ next a
unit-root test that considers up to two breaks. Due to
events in the Turkish economy, such as financial
crises in 1994, 1999 and 2001, the potential presence
of structural breaks is a concern.

The standard unit-root tests that we used cannot
identify structural breaks. Lee and Strazicich (2003)
propose a unit-root test that is valid when there are
possibly two structural breaks present in the sample.
It is a two-break minimum Lagrange multiplier
(LM) unit-root test in which the alternative hypoth-
esis definitely implies the series is trend stationary
(Glyyn, Nelson, and Reetu 2007). A unique feature
of this test is that it considers up to possibly two
breaks under the null hypothesis of a unit root and
under the alternative hypothesis of a trend-station-
ary process. In other words, a unit-root process with
up to two breaks is tested against a trend-stationary
process with up to two breaks. The null and alter-
native hypotheses are treated symmetrically in
regard to breaks. This is an advantage over other
break tests for unit roots that allow only a break
under the alternative hypothesis. Lee and Strazicich
show that the two-break LM unit-root test statistic,
which is estimated according to the LM principle,
will not spuriously reject the null hypothesis of a
unit root.

Table A1 reports results for the unit-root t-statis-
tics in the presence of breaks, along with the dates of
breaks. We consider two models, one with two

breaks in the constant term only, the other with
two breaks each in the constant and deterministic
time trend. In the model with a trend, we report a
significant break if at least one break is significant,
either in the constant term or in the trend term.
Once we allow for two breaks, the Gini index is
still I(1), as is the literacy rate (LR), but INF seem
to be I(0). TRADE and FXRATE are either I(0) or
I(1), depending on whether the break is in the con-
stant only or in the constant and trend, respectively.
The results for the order of integration for FDI and
POPGR are the same as with the ADF without
breaks previously but the test of Elliott et al. and
the PP test earlier clearly indicated one unit root for
FDI and POPGR instead of two. These mixed results
illustrate the need for a method such as NARDL
where it is unnecessary to pretest for the order of
integration as long as it is either I(0) or I(1).
Moreover, the NARDL approach will tell whether
there is a linear combination of the variables in our
model that is stationary, that is co-integrated. Also, it
allows for testing symmetry in the short and/or long
run. If there is short- and long-run symmetry, the
NARDL model reduces to the ARDL model.

We would like to emphasize that in regard to
breaks, we are interested whether the linear
NARDL function in Equation 5 shows evidence of
structural change, that is whether the relationship is
stable over time, regardless of how the individual
time series behave. It is possible that the co-move-
ment of variables compensates for breaks in indivi-
dual series when one models an error-correction
process with a long-run equilibrium (the co-inte-
grating relationship). In order to assess the structural
stability of the NARDL model, we will examine the
residuals from the NARDL regression with the
CUSUM and CUSUM of squares tests.

We start the NARDL analysis with a model selec-
tion procedure for choosing the variables to include
in the model. The goal is to keep the NARDL model
parsimonious. We use Akaike’s information criter-
ion (AIC), which tends to over-parameterize the
model but it minimizes problems due to potentially
omitted variables and helps to reduce residual serial
correlation that would interfere with our subsequent
analysis.8 This allows us to reduce the model to the
following variables:

8See Anderson, Athanasopoulos, and Vahid (2007) for this argument.
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GINI ¼ f ðFDI;GDPGR;GFC; LR; POPGRÞ (6)

The variables INF, KOFPOL and TRADE are
therefore excluded. We also used usual Wald tests
for the exclusion of each variable in turn and
reached the same conclusion that they do not con-
tribute in a significant way (at the usual 5% signifi-
cance level) to the variations in GINI. The next step
is to test for symmetry by allowing for each of these
variables to have asymmetric effects on GINI and
then test the hypothesis that the coefficients of xþt
and x�t are equal. In order not to overload the
regressions with too many parameters to be esti-
mated, we do this for each variable in Equation 6
in turn by including the calculated partial sums for
it. Then we apply the usual Wald test for symmetry.
We uncover statistically significant asymmetric
effects for the partial sums of the variables GFC
and POPGR, denoted as GFC+, GFC-, POPGR+ and
POPGR- and therefore will include them in our
NARDL model for further analysis. We also test for
short-run symmetry and for long-run symmetry and
reject both hypotheses for each variable.

Next, we test for the existence of a long-run relation-
ship. The ARDL and NARDL approaches to co-inte-
gration involve the comparison of the F-statistics
against the appropriate critical values, as explained in
Pesaran and Pesaran (1997) and Pesaran, Shin, and
Smith (2001).9 They report two sets of critical values
that provide critical value bounds for all classifications
of the regressors into purely I(1), purely I(0) or
mutually co-integrated. One type of critical value
assumes that all variables are I(0) and the other type
assumes they are all I(1). If the computed F-statistic is
higher than the upper bound of the critical value, then
the null hypothesis of no co-integration is rejected.

The F-statistic with income inequality as the depen-
dent variable is F(GINI|FDI, GDPGR, GFC, LR,
POPGR) = 4.13. This leads us to conclude that the
null hypothesis of no co-integration is rejected. The
5% critical values from Pesaran, Shin, and Smith
(2001) are 2.39 for I(0) and 3.38 for I(1), using k = 5
(instead of 7) and therefore not counting the extra
variables introduced with the partial sums, as recom-
mended by Shin, Yu, and Greenwood-Nimmo (2014).
The null hypothesis of no co-integration can be

rejected even at the 2.5% significance level. Results
for the long-run model estimated by using NARDL
and FM-OLS (with the partial sum terms replacing
GFC and POPGR) are presented in Table 1.10

We discuss the short-run and long-run results in
Table 1 for each variable in turn. Increased flows of
FDI could have a positive effect or negative effect on
the Gini coefficient, thereby increasing or decreasing
income inequality, respectively. Our estimated coef-
ficients of the short-run adjustment dynamics have a
statically significant negative effect on GINI and
therefore FDI reduces income inequality in the
short run. The long-run relationship for both meth-
ods, NARDL and FM-OLS, show that FDI has a
negative effect as well. Both short-run and long-run

Table 1. Estimated coefficients of the NARDL short-run error-
correction process and the long-run (co-integrating)
relationship.

Dependent variable: GINI

Regressor Coefficient SE
t-Statistics
(p-values)

A. NARDL estimates ΔGINI
(−1)

−0.33 0.10 −3.19 (0.007)

ΔFDI –0.003 0.001 −2.45 (0.03)
ΔFDI (−1) –0.007 0.001 −5.37 (0.0001)
ΔGDPGR 0.001 0.0002 6.23 (0.0001)
ΔGDPGR
(−1)

–0.0009 0.0002 −4.89 (0.0002)

ΔGFC+ –0.002 0.0005 −3.37 (0.005)
ΔGFC– –0.004 0.0006 −6.21 (0.0001)
ΔGFC–

(−1)
–0.005 0.0008 −5.53 (0.0001)

ΔLR 0.0007 0.0002 2.89 (0.01)
ΔLR (−1) –0.0009 0.0002 −3.83 (0.002)
ΔPOPGR+ 0.17 0.11 1.53 (0.15)
ΔPOPGR– –0.05 0.02 −2.84 (0.01)
ECM (−1) –0.35 0.04 −8.86 (0.0001)

B. Long-run NARDL
estimates

Constant 0.27 0.18 1.46 (0.17)
FDI –0.02 0.008 −2.98 (0.01)
GDPGR 0.01 0.005 2.04 (0.06)
GFC+ –0.004 0.002 −1.80 (0.09)
GFC– 0.001 0.0008 1.52 (0.15)
LR 0.003 0.002 1.46 (0.17)
POPGR+ –0.77 0.08 −9.44 (0.0001)
POPGR– –0.13 0.08 −1.67 (0.17)

C. Long-run FM-OLS
estimates

Constant 0.55 0.05 11.5 (0.0001)
FDI –0.003 0.0005 −4.96 (0.0001)
GDPGR –0.0002 0.0003 −0.68 (0.50)
GFC+ 0.001 0.001 0.97 (0.34)
GFC– –0.0007 0.0005 −1.43 (0.16)
LR 0.0001 0.0005 0.22 (0.83)
POPGR+ –0.73 0.06 −12.5 (0.0001)
POPGR− 0.03 0.05 1.44 (0.16)

Notes: p-Values equal to or smaller than 0.05 are marked in bold.
FM-OLS was estimated with Bartlett weights and Andrews’ automatic
bandwidth selection.

See Table A2 for other diagnostic statistics for the NARDL model support-
ing the results of Table 1.

9The ambiguities in the order of integration of the variables lend support to the use of the NARDL bounds approach rather than one of the alternative co-
integration tests.

10No indications of multicollinearity were found in the model.
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effects have p-values of 0.03 or smaller. The short-
run effect of an increase in the FDI stock of 1% of
GDP is to reduce the GINI index by 0.33 units from
year to year. On the other hand, the magnitude of
the effect in the long run is quite small: if FDI stocks
go up by 1% of GDP, then the Gini coefficient is
reduced by 0.02 units for the NARDL estimates and
by 0.003 units for the FM-OLS estimates, for the
Gini index defined on a scale from 0 to 100. The
long-run effect, while statistically significant, is eco-
nomically rather small. The short-run effect is not
very large either.

GDP growth has initially a small positive effect on
GINI, thus increasing income inequality, in the short
run that is reversed in the next period. There is a
similarly small positive effect in the long run. This
effect is statically significant in the short run but not
in the long run, using a 5% significance level.
Domestic gross fixed capital formation reduces
income inequality statistically significantly in the
short run but not in the long run. The effects are
asymmetric with decreases in capital formation more
severely affecting the income distribution than
increases, though overall the effects are again not
very large in magnitude. Increases in the literacy
rate have quantitatively very small effects that are
only statistically significant in the short run. The
effect is to increase income inequality. This indicates
that improvements in education in general do not
benefit all income groups equally and have led to less
equal incomes, however, the effect is so small that it
has little effect on GINI.

Population growth has asymmetric effects in the
short run and in the long run. In the short run,
decreases in population growth reduce income
inequality but increases in the growth rate have no
statistically significant effects on inequality. On the
other hand, in the long run increases in population
growth rates lead to reductions in income inequality,
whereas decreases in population growth have no
long-run statistically significant effects on GINI. The
long-run coefficient estimate can be interpreted as the
long-run cumulative effect of a 1% increase in popu-
lation growth on the Gini coefficient. It is −0.77 for
the NARDL estimate and −0.73 for the FM-OLS
estimate, which is very similar in magnitude and
turns out to be the largest of the long-run coefficient
estimates, in absolute terms. With each estimation
method, the estimate is highly statistically significant.

The ECM coefficient demonstrates how quickly or
slowly variables go back to equilibrium and it should
have a statistically significant coefficient with a nega-
tive sign. The error-correction term, ECM (−1),
therefore measures the speed of adjustment to
restore equilibrium in the dynamic model. It appears
with a negative sign and is highly statistically signif-
icant, ensuring that long-run equilibrium can be
attained. The coefficient of ECM (−1) is equal to
−0.35 for the short-run model and implies that
deviations from the long-term inequality are cor-
rected by about one-third each year. Diagnostic
tests in Table A2 for serial correlation and normality
support the model as specified. In addition, we used
the cumulative sum (CUSUM) and the cumulative
sum of squares (CUSUM of squares) of the standar-
dized recursive residuals of the NARDL regression
for analysing the stability of the model. The plots of
both the CUSUM and the CUSUM of squares in
Figures 2 and 3 are within the 95% confidence
bands and these statistics verify the stability of the
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NARDL model coefficients for income inequality for
Turkey.

As a further check of the robustness of our results,
we include in turn the US dollar exchange rate
(FXRATE) and the M2 to GDP ratio in the
NARDL model. These variables do not enter the
model statistically significantly. Also, using FDI
flows instead of stocks does not affect the qualitative
results either.

Our empirical findings for FDI are consistent
with those of Figini and Görg (2011), who study
wage inequality, whereas we study inequality for all
income based on the Gini coefficient. They find for
developing countries that wage inequality increases
with FDI but for developed countries wage inequal-
ity decreases when FDI increases.

Placing Turkey as a middle-income country,
between developing and developed countries,
makes our results consistent with that of Figini and
Görg’s. Our empirical results are also consistent with
those of Jensen and Rosas (2007) for Mexico, finding
that FDI reduces inequality, though in our case the
magnitude of this effect is rather small. On a theo-
retical level, these empirical results fit in with stan-
dard trade theory of the Heckscher–Ohlin type that
predicts that FDI decreases inequality in emerging
economies. They also fit in with the theory of
Aghion and Howitt (1998) if one argues that
Turkey is at a stage beyond the early implementation
of new technologies.

V. Conclusion

In the literature, there are only a few empirical
studies analysing the relationship between FDI and
income inequality for low- to middle-income coun-
tries and none exists for Turkey, as far as we know.
We apply nonlinear ARDL methods to investigate
the short-run and long-run relationships among
inequality and FDI in Turkey. We show that the
error-correction coefficient, which determines the
speed of adjustment, indicates that deviations from
long-term inequality are corrected by approximately
35% in each of the following years. The model passes
various diagnostic and stability tests and we provide
empirical evidence for asymmetric adjustments of
the distribution of income in the short run and
long run in response to domestic capital formation
and population growth rate changes.

Results show that increasing FDI stocks in Turkey
have led to reductions in income inequality in the
short run and in the long run, however, the quantita-
tive effects turn out to be relatively small though
statistically significant and symmetric. The largest
effects on income inequality come from population
growth: population growth rate increases lead to sta-
tistically significant reduction in income inequality in
the long run. Reductions in the population growth
rate have, however, no statically significant effects on
inequality in the long run. These effects are exactly
reversed in the short run, with reductions in the rate
reducing inequality and increases having no effects.
On the other hand, an increase in the literacy rate has
no long-run statistically significant effects on inequal-
ity but has very small adverse effects in the short run.
The implications of our results for economic policy
are as follows. FDI has no adverse effects on the
distribution of incomes in Turkey but instead reduces
inequality though not by much. Therefore, FDI is not
a tool for changing the distribution of incomes.

A future study is planned to assess income
inequality for urban and rural incomes in Turkey.
In this regard, other factors of income inequality
components will be included, such as environmental,
political, governmental and regional factors. For this
purpose, we would like to design a questionnaire for
measuring changes in rural and urban incomes.
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Appendix

Table A1. Unit-root test results.

Variables ADF statistic 5% Critical value PP statistic 5% Critical value KPSS statistic 5% Critical value

Lee-Strazicich (2003) break testa

t-Statistic First break Second break

GINI −2.44 −3.54 −1.83 −3.52 0.141 0.146 −4.13 1980* 1997*
(−1.94) (1979*) (1996*)

ΔGINI −4.60* −2.94 −4.60* −2.94 0.09 0.463 −6.40* 1983* 1996*
(−5.81*) (1983) (1997)

FDI 1.51 −3.57 −2.70 −3.53 0.17* 0.146 −1.34 1993 2002
(−5.24) (1986) (2004*)

ΔFDI 1.67* −2.96 −6.47* –2.94 0.41 0.463 −2.65 1993 2005
(−32.1*) (2000*) (2005*)

GDPGR −6.18 −2.94 −6.18* −2.94 0.04 0.146 −6.95* 1998* 2005*
(−6.59*) (1979*) (2004)

ΔGDPGR −3.80* −1.95 −11.7* −1.95 0.08 0.463 −11.4* 1979* 1988*
(−10.4*) (1998) (2004)

GFC −1.94 −3.53 −1.94 −3.53 0.12 0.146 −3.50 1985 2000*
(−5.08) (1985*) (1999*)

ΔGFC −5.37* −2.94 −5.33* −2.94 0.11 0.463 −3.94* 1993 2005
(−41.0*) (2000*) (2005*)

INF −2.31 −3.53 −2.31 −3.53 0.137 0.146 −4.94* 1996 1999
(−3.16*) (1998*) (2001)

ΔINF −5.69* −2.95 −6.85* −2.94 0.14 0.463 −7.99* 1997* 2000*
(−7.42*) (1979) (1982)

KOFPOL −3.45 −3.56 −2.10 −3.53 0.09 0.146 −2.32 1987* 1990*
(−4.55) (1986*) (1996*)

ΔKOFPOL −7.45* −2.94 −7.41* −2.94 0.10 0.463 −7.87* 1977 1994
(−9.39*) (1982*) (1993*)

LR −3.36 −3.54 −3.10 −3.53 0.12 0.146 −2.74 1985 1991
(−4.02) (1991) (2001)

ΔLR −4.82* −2.95 −6.01* −2.94 0.06 0.463 −6.24* 1975 1992
−6.71* (1991) (2000)

POPGR −2.12 −3.57 −2.24 −3.53 0.154* 0.146 −2.71 1985* 1995*
(−1.05) (1983) (1986)

ΔPOPGR −1.98 −2.96 −2.96* −2.94 0.18 0.463 −2.06 1977* 1983*
(−1.65) (1984*) (1993)

TRADE −3.49 −3.54 −2.91 −3.53 0.18* 0.146 −4.52* 1979 1996*
(−4.60) (1981) (1993*)

ΔTRADE −5.45* −2.94 −6.19* −2.94 0.04 0.463 −5.64* 1978 1989
(−6.41*) (1996*) (1999*)

FXRATE −0.94 −3.57 −1.45 −3.53 0.24* 0.146 −6.68* 1996* 2002*
(−2.57) (1997) (2005*)

ΔFXRATE −21.8* −2.96 −3.08* −2.94 0.22 0.463 −3.89* 1988 2002*
(−8.09*) (1999*) (2002*)

M2 −3.28 −3.53 −3.16 −3.53 0.18* 0.146 −2.20 1993 2004
(−4.47) (1979*) (1998*)

ΔM2 −4.79* −2.95 −10.8* −2.94 0.50* 0.463 −10.5* 1981 2002*
(−10.9*) (1997*) (2002*)

Notes: The lags for the ADF test are selected with Akaike’s criterion. The PP test is based on a quadratic kernel and Andrews’ automatic bandwidth. The
critical values for both tests are from EViews 8 and are based on response surface estimates. The KPSS test uses a Bartlett kernel and Andrews’ automatic
bandwidth. The level tests include a deterministic time trend, except for GDPGR. This time trend cancels out in the first differences.

*Rejection of the relevant null hypothesis at the 5% significance level.
aThe first entry in the cell is the break model with two breaks in each, in the intercept and in the trend; the second entry in the cell, in parentheses, is the
crash model with two breaks in the intercept only.
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Table A2. NARDL estimates.
Dependent variable: GINI

Variables Coefficient SE t-Statistics (p-value)

α 0.09 0.10 0.94 (0.36)
GINI (−1) 0.31 0.15 2.09 (0.06)
GINI (−2) 0.34 0.11 3.13 (0.007)
FDI –0.003 0.001 −2.19 (0.046)
FDI (−1) −0.01 0.003 −4.11 (0.001)
FDI (−2) –0.007 0.0003 2.59 (0.02)
GDPGR 0.001 0.0002 5.27 (0.0001)
GDPGR (−1) 0.002 0.0002 6.23 (0.0001)
GDPGR (−2) 0.0009 0.0004 2.38 (0.03)
GFC+ –0.001 0.0003 −4.57 (0.0004)
GFC– –0.004 0.0006) −5.72 (0.0001)
GFC– (−1) –0.0005 0.0007 −0.62 (0.55)
GFC– (−2) 0.005 0.001 4.47 (0.0003)
LR 0.0007 0.0004 1.88 (0.08)
LR (−1) −0.0007 0.0003 −2.14 (0.05)
LR (−2) 0.0009 0.0002 3.96 (0.001)
POPGR+ 0.16 0.16 1.03 (0.32)
POPGR+ (−1) −0.43 0.14 −3.15 (0.007)
POPGR– −0.05 0.01 −3.98 (0.001)
R2 0.99 F-statistics 116.5 (p = 0.0001)

Notes: R2 adjusted 0.98; Q-statistic (12) 9.40 (p = 0.67). Jarque–Bera normality test 3.69 (p = 0.16).
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