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Non-Linear Dynamics of Macroeconomic Variables:
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Abstract

This paper is part of an ongoing doctoral dissertation. It examines the long run relationship between
government spending on education, GDP growth and educational enrollments in all levels, for
Greece in the years 1960-2012, leveling up to capture more complex dependent dynamics in time
seties. OECD Indicator A1l shows that, life satisfaction, civic engagement and health. are at the
same level for adults with tertiary education and adults with upper secondary education for Greece.
Having conducted Linear Granger tests, this study goes beyond, following the methodology of both
non-parametric testing for asymptotic Granger causality in C, and non-parametric bootstrapped
bidirectional Granger causality, an MS Dos application in C. We apply a new nonparametric test for
Granger non-causality by Diks and Panchenko (2005, 2006) as well as the conventional linear
Granger test on the time series. The secondary data used in this present study, have been processed
through MATLAB interpolation function. There is a strong symmetric nonlinear causal relationship
detected between government spending on education and enrollments in higher education, and vice
versa, .An even stronger, both symmetric and asymmetric nonlinear relationship between higher
education enrollments and Gdp growth is validated confirming a spectacular case of “adverse
causality”. Government spending in education is causally related with Gdp growth in a symmetric as
much as an asymmetric nonlinear relationship. Also, lagged values of secondary enrollments are a
major predictor of Gdp growth.
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1. Aims and Objectives of the Study

At the dawn of the 21t century, many important financial transitions were put into
action for U.S. and Europe as well, one of them being the introduction of the new eutro currency
to the EU-member states. The need for better coordinated economic policies and monetary
cooperation introduced the new currency not later than early 2002, earlier attempts are dated in
the 1960s, while the idea for a European currency emerged back in 1929, in the League of
Nations (LN). Meanwhile after 2002, the EU continued to grow large and accept new member
states that would also be part of this coordinated European market, seeing it as their safety net.
The outburst of the global recession in 2008 pulled euro zone into its first financial crisis. EU as a
whole displayed negative growth for the three last quarters of 2008 and the first quarter of 2009
before returning to positive growth. Such a big crisis was feared that could break EU down. In
order to avoid any domino effects where one member state could harm the other, all member
states agreed to a joint action plan for the Euro zone to stabilize the European economy. Fearing
a default for weak members such as Greece, they all agreed to set up a temporary bail out
mechanism to overcome any financial solvency and credit limitations that could jeopardize the
whole euro zone, aiming at restoring financial stability for Europe, and ensure further economic
integration. This would be the start of a new era for Greece, that of austerity. Greece was proven
a very special case, if not the weaker member state in terms of dealing with the onset of a

| 'University of Patras, Department of Business Administration, University Campus, Rio, 26504



284 European Journal of Sustainable Develgpment (2015),4, 2, 283-290

recession. A major adjustment program was going to take place. The process of modernization of
its economy and the continuation of the structural reforms dictated and financially supported by
the EU/IMF/ECB (Troika), launched in 2010 would continue as announced in the summer of
2011, stating that this was the only way out. European leaders agreed to provide another financial
support package to Greece. Greece committed to promote sustainable economic growth by
applying all the needed fundamental fiscal and structural reforms (OECD, 2011), in return for
their emergency loan that it received.

As a member state, Greece favored the same interest rates like the rest of the EU-countries. The
eagerness though of the financial institutions to offer bigger purchasing power parity to people,
even to those citizens who didn’t qualify for those loans and all the lending criteria, made them
forget the past stock market crash, and start all over setting up of another bubble. Immoderate
consumption leading to high inflation rates and absolutely unorthodox growth was the new
religion. The excess liquidity from the banks and the unstoppable demand for more products
made the prices skyrocket. Apart from disposable goods, the biggest share of their borrowing
capacity was devoted to real estate. This phenomenon was common for many countries around
the globe. But when the 2008 financial crisis was outside the door, Greek economy couldn’t fight
against it, as it was already on the edge. The year of 2009 found the country with a fiscal deficit
that had ballooned to over 15% of GDP reflecting uncontained (public) spending, a collapse in
tax revenues and the onset of a recession, while public debt reached 140% of GDP in 2010
(OECD, 2011),the highest in the euro zone, not to mention the high private debt.

Ideally speaking, none of these adjustments would have been necessary if this country was an
island, a rather remote and self catered one, away from all these regulating institutions. But in
modern times no country can be that isolated. A country’s national income, interest rates and
market prices affect another country respectively. One country’s economic growth or stagnation,
contributes in the economic growth or stagnation of other countries, as the imported goods of a
country, constitute the exported ones of the other. Mercantilism as a philosophy towards growth
would never bear fruits for any country with a high public deficit in this global economy. Even if
a country was to adopt such a policy, this could not last forever, and it would end with negative
results. What fosters economic growth for the population is to raise their living conditions by
having more products available, which would only take place by making use of each country’s
competitive advantage. All economies right now are in some way interdependent, and staying out
is not an option, because any extreme decision in one part of this world, affects the lives of the
citizens in another country in some other part, not knowing exactly how but definitely provoking
a commercial war.

If we think of a country’s economy as an engine, then it is easy to predict that the outcome
depends severely on what goes in that engine, the productive elements. The most important of
these elements is human labor among a lot of other things. One widely used aphorism in the case
of Latin America is that their “manana” culture will never let them be rich (Acemoglu, 2011) even
though the widely accused Chinese culture and the Confucian values were proved very effective
for the Chinese economy. Acemoglu insists that the extent to which people are able to cooperate
and trust each other is what’s important still not attributed to their religion, national ethics or
values but is mostly the outcome of a country’s institutions. The level of organization in a society
and the efficiency of its institutions, only them, can guarantee better living conditions for people.
When the institutions are absent should be founded, when already present should be either
reformed or shut down. And since the country under examination here belongs to the developed
part of the world where well established institutions are already present, then what remains to be
seen is what went completely wrong.
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2. Review of Literature

After a long period of negligence, the issue of the economic value of education

resurfaced when Theodore Schultz ( 1963), elaborating on the economic value of education
together with Gary Becker(1964) and the work of Jacob Mincer (1958,1962) provided a basis and
offered a motive for the beginning of the subsequent major research efforts for the creation of
human capital. In the following decades, from 1970 and on, research focused primarily on the
relationship between education and income.
Despite the fact that research in the field of Economics of education is widespread and very
popular among developed countries, the current study is trying to cover this gap in the literature,
consisting one of the very few, if not the only doctoral dissertation in Greece in the field of
Economics of Education, as this academic field is still at a very eatly stage. The goal of this thesis
is to carefully report, examine and understand the individual choices for education, and their
implications in the country’s economic growth. Beyond the listing and analysis of the educational
preferences and their fiscal outcomes, a large part of this study is focusing on the econometric
estimation and empirical analysis of the data, with the most appropriate and up to date statistical
methods suggested by the international literature. More specifically, the contribution of this study
relies on the examination of the Greek economy for the period 1960-2011, covering also the
petiod of the last global financial crisis of 2007/2008 which arouses big public interest, the
economic and monetary union of Greece with the EU in 2002, and a number of other incidents.
The main interest of this research is to unfold the relationship between education and economic
growth, and extract useful conclusions and policy suggestions concerning the macroeconomic
problems of the country, in order to contribute to the country’s solid economic growth from now
on.

3. Data and Methodology

At this point, the results of the linear and Non-linear Granger Causality tests are
highlighted followed by the data variables and the data sources. The techniques that are being
used will be further analyzed.

3.1 Data Description.

The empirical investigation has been carried out in the case of Greek economy, covering

the period 1960-2012. The present study uses secondary data collected from the Greek Statistical
Yearbook and the Greek Statistics of Education (several volumes). The variables used are Gross
Domestic Product (GDP) and GDP per capita in euro and current prices, collected through
Ameco (European database), total enrollments in preschool (PRE), primary (P), secondary (S) and
higher education (H), and Public Expenditures on Education (EDEX) in current prices taken
from the Greek Statistics Bureau (ELSTAT).
Our original observations are 52, which is a size of sample that allows for Linear Granger tests to
obtain results from. But traditional parametric tests for Granger causality with linear
autoregressive models have reached a mature status, and have become “part of the standard
toolbox of economists”. Recent literature shows a preference in non parametric tests, against
both linear and non linear Granger causality testing, taking into account the ever cheaper
computational power. But the fact that we wanted to provide a less filtered result was the driver
for using, not only constant prices but also, non-parametric and non-linear models to capture
certain kinds of non-linear causal relations. As Granger (1989) also argues, univariate and
multivariate non-linear models represent the proper way to model a real world “that is almost
certainly non-linear.

© 2015 The Author. Journal Compilation © 2015 European Center of Sustainable Development.



286 European Journal of Sustainable Develgpment (2015),4, 2, 283-290

The scarcity of the data collected, the difficulty to gather more annual data and go further into the
past, and the fact that the non-linear method used required a size bigger than ours, was the reason
that our original sample was processed through interpolation method.

208 obsetrvations were uniformly used throughout the study.

3.2 Empirical Methodology
This section discusses the definitions of the Pairwise Linear and Non-linear Granger
causality.

3.2.1 Pairwise Linear Granger causality test

We follow a methodology of three steps. First, we perform stationarity tests for all the
variables involved. Depending on whether our variables are stationary or not, we proceed with
integration,, taking the first-differences for the non-stationary ones. Second, we run cointegration
tests in order to see if there is any sign of any long-run relationship. Third, we run Linear Granger
causality tests to detect the causality and the causal direction among our variables. A time-series x
causes another time series y in the Granger sense if the present value of y can be better predicted
using past values of x than by not doing so. We also include past values of y. In mathematical

terms, x is said to cause y provided some % term is non-zero in the full regression equation:

Y =5O+zaiyt—i +zﬂjxt—j +&
i1 1

r S
X =Gy +zaixt—i +zﬂjyt—j + 14
i1 =
Errors are calculated by F-statistics.

3.2.2 Non-linear Granger causality test

A nonparametric statistical model is being used to cover the limitations of the linear
approach to causality, concerning its weakness to detect certain kinds of non-linear causal
relations.
In this study we apply the nonparametric Diks-Panchenko (2006) causality test, instead of a of
“Back and Brock (1992)” modified Hiemstra-Jones (1994) test. Diks and Panchenko (2000)
argued that the Hiemstra-Jones test of non-linear causality may be inconsistent due to a bias,
which cannot be removed simply by choosing a smaller bandwidth in the Hiemstra-Jones test
statistic i.e., the Hiemstra and Jones test has serious size distortion problems and the results can
be spurious. The new nonparametric Granger causality test proposed by Diks and Panchenko
(2006) reduces the bias and lessens the risk of over-rejection of the null hypothesis.
Based on asymptotic theory Diks and Panchenko let the bandwidth be chosen upon and
instructed by the sample size. This can be done by letting the bandwidth tend to zero at
appropriate rates.

4. Empirical Results and Analysis

4.1 Results of the Linear Granger causality tests

The main results of the linear Granger causality tests are presented in Tablel. The causal
flow is indicated by the arrows in column 1. Column 2indicates the statistics for the null
hypothesis of no causality .
After having run the Trace and Eigenvalue statistic, which have indicated the existence of one
cointegrating vector, at least, we take the first differences and run the linear Granger causality
tests.
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It can be seen from this table that

LINEAR GRANGER CAUSALITY TESTS

Null Hypothesis: F-Statistic Prob.
“x does not Granger cause y”

GDP—EDEX 6.03 0.0029
EDEX—GDP 0.02 0.97
PRE—EDEX 6.61 0.0017
EDEX—PRE 20.19 0.00000001
HIGHER—GDP 2.27 0.105
GDP—HIGHER 0.549 0.578
GDP—SECONDARY 11.52 0.00002
SECONDARY—GDP 11.37 0.00002
ELEM—EDEX 0.50 0.60
EDEX—ELEM 1.00 0.36
SECONDARY—HIGHER 0.72 0.48
HIGHER—SECONDARY 4.02 0.01
PRE—GDP 1.93 0.14
GDP—PRE 1.21 0.29
Note: *denotes significance at the 1%level, **denotes significance at the 5% level,
*#* denotes significance at the 10% level.

287

It is very interesting to denote the effect that Secondary education enrollments have on GDP per
capita growth and vice versa. Also the causality running from Higher to Secondary education
enrollments is the so called “opportunity cost” that is so often being mentioned.

4.2 Results of the nonlinear Granger Causality

1. Non linear Granger Causality Test (Asymptotic) Asymmetric

n=207 Embed. Dimension: 3

Bandwidwth:0.2

Null Hypothesis: x does not cause y T statistics p-value
EDEX—PRE 2.558 0.005%F**
PRE—EDEX 1.048 0.147*
HIGHER—GDP 1.508 0.065%*
GDP—HIGHER 1.391 0.082**
EDEX—GDP 1.333 0.091**
GDP—-EDEX 1.124 0.130*
EDEX—HIGHER 1.423 0.074%*
HIGHER—EDEX 0.854 0.196*
EDEX—SECONDARY 2.029 0.021%+*
SECONDARY—EDEX 0.752 0.226*
GDP—PRE 2.601 0.00464+%k*
PRE—GDP 1.266 0.107*
GDP—ELEMENTARY 1.598 0.054*+*
ELEMENTARY—GDP 1.300 0.097**
GDP—SECONDARY 2.128 0.016%**
SECONDARY—GDP 1.321 0.093**
SECONDARY—HIGHER 1.498 0.067**
HIGHER—SECONDARY 1.412 0.078**
Note: * denotes the null hypotheses that cannot be rejected, **denotes the 10% significance level,
***denotes the 5% level, **** denotes the 1% significance level.
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There is very weak evidence for the existence of non-linear causality from preschool enrollments
to economic growth. Still there is no evidence of unidirectional nonlinear causal relation between
preschool and education expenditure growth as well. Also the causality running from university
and high school enrollments seem to have little or no effect to investments in education.
Economic growth though seems to provoke a rather significant causal rise to higher education
enrollments, while the other way around is a strong causal relationship itself too.

2. Bidirectional bivariate Non linear Granger causality test BOOTSTRAPPED)
Null hypothesis: negative lag —x(lag) causes y, positive lag —y(lag) causes x
Number of lags=5 -5 -4 -3 -2 -1
1 2 3 4 5
EDEX—PRE 0.28 0.22 0.26 0.22 0.30
PRE—-EDEX 0.89 0.78 0.82 0.73 0.77
HIGHER—GDP 0.79 0.88 0.77 0.75 0.67
GDP—HIGHER 0.71 0.73 0.81 0.74 0.68
EDEX—GDP 0.55 0.49 0.50 0.48 0.47
GDP—-EDEX* 0.05* 0.07* 0.07* 0.03* 0.09*
EDEX—HIGHER 0.66 0.69 0.76 0.70 0.77
HIGHER—EDEX 0.86 0.83 0.86 0.77 0.68
EDEX—SECONDARY 0.24 0.24 0.25 0.25 0.11
SECONDARY—EDEX 0.98 0.89 0.93 0.78 0.71
GDP—PRE 0.32 0.32 0.30 0.22 0.19
PRE—GDP 0.26 0.30 0.43 0.40 0.46
GDP—-ELEMENTARY 0.96 0.95 0.95 0.91 0.97
ELEMENTARY—GDP 0.47 0.56 0.49 0.62 0.54
GDP—SECONDARY 0.14 0.20 0.27 0.27 0.10
SECONDARY—GDP 0.81 0.85 0.84 0.89 0.89
SECONDARY—HIGHER 0.54 0.50 0.43 0.29 0.24
HIGHER—SECONDARY 0.06* 0.16 0.30 0.22 0.33

The results obtained from the test indicate evidence of bidirectional non-linear causality running
from all of the afore mentioned variables. This does not stand for what Economic growth does to
Education expenditures.

5. Conclusions

In this paper we investigated the existence of non-linear causality between the
educational expansion and expenditures and the country’s economic growth for the period 1960
to 2012 in Greece.

It can be seen that the results of the non-linear Granger causality are quite similar to the ones
derived by the linear Granger causality tests. The causality between Economic growth and
secondary education is not validated by the nonlinear Granger causality tests, which can be
regarded as positive sign for growth. Today, a growing number of high school graduates in
Greece, still pursue further with their studies.

By applying the Nonlinear Granger causality test we also confirmed the passive role of
Educational expenditures towards economic growth.

Future research should be extended to include more macroeconomic variables series, and we
would extract useful information if applied to different economies. In such a way, we could
examine the role of the macroeconomic effect of education and, also the role of the different
economies in the fast-growing knowledge economy.
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