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I INTRODUCTION

In a previous study the authors established
that, despite the increase in graduate unem-
ployment over the last two decades and the
high unemployment rates of tertiary educa-
tion graduates during the first years after
completion of their studies, graduation from
a tertiary education institution provides a cer-
tain security against unemployment in the
long run, at least in comparison to the lower
levels of the education system (Mitrakos,
Tsakloglou and Cholezas, 2010). However,
lower unemployment rates alone cannot be
taken as conclusive evidence of whether ter-
tiary education is a good investment. To
answer such a question, one also needs to
know the rate of return to each level of edu-
cation, or otherwise the wages that can be
expected after graduation from a specific
branch of the education system.

The literature on returns to education in our
country (briefly reviewed below) is quite exten-
sive. However, mainly on account of insuffi-
cient appropriate statistical information, so far
no attempt has been made in the available
empirical studies to estimate (private) returns
to education for small homogeneous groups of
graduates by field of study. The present study
aims to fill this gap by using the wage data
included in the Labour Force Surveys (LFSs)
conducted in Greece in the period from the
first quarter of 2004 to the third quarter of
2007 (2004 I - 2007 III).

The following section briefly reviews the find-
ings of the available earlier empirical studies

on returns to education in Greece. The third
section describes the LFSs used in the empir-
ical analysis, while the fourth section presents
its major results. The last section summarises
the study’s conclusions, while detailed infor-
mation is included in the Appendices.

2 LITERATURE REVIEW

The issue of wage differentials between vari-
ous education levels in Greece has been exam-
ined mainly in the context of exploring returns
to education (primarily “private” returns). In
comparison to other countries, studies calcu-
lating returns to education in Greece are lim-
ited in number, as well as partly in depth,
owing mainly to limitations of the available sta-
tistical information. The question of returns to
education in Greece was first explored by
Leibenstein (1967). Since then, relevant
research work has been prolific.!

Published studies cover the time period from
1957 until today and draw on many different
databases. Relying mostly on data collected by
the Hellenic Statistical Authority (ELSTAT) -
from Household Budget Surveys, European
Community Household Panel, European

* The views expressed in this study do not necessarily reflect those
of the Bank of Greece. The authors would like to thank H. Gib-
son, N. Kastis, I. Kalogirou, E. Kikilias, D. Nikolitsas, E. Papa-
petrou, T. Politis and G. Psacharopoulos for their useful com-
ments. The present paper was supported by the cultural project
“Protovoulia” (Educational and Development Initiative), as an
earlier version formed part of a broader action of Protovoulia
(“Education and Development: Connecting Education and
Employment”).

1 For a detailed review of the literature on private returns to edu-
cation in Greece, see Cholezas and Tsakloglou (1999) and Cholezas

(2005).
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Union Statistics on Income and Living Con-
ditions, etc.— they also use wage data collected
by public and private enterprises, or even pri-
vate researchers. Thus, it is not always easy to
assess the quality and suitability of the infor-
mation included in each database. All
datasets used in the existing studies are cross-
sectional.

As regards methodology, most earlier studies
apply the Ordinary Least Squares (OLS)
method to estimate Mincer’s (1974) ‘classical’
semi-logarithmic human capital equation and
calculate the effect of education on earnings.
In general, the “education” variable is
expressed either in years or in education lev-
els with the use of dummy variables, while
additional explanatory variables (such as
potential experience and its square, or the age
and education level of the father) are often
used to improve the model’s explanatory
power. Heckman’s two-step method for cor-
recting the sample bias or selection error is
used by Kanellopoulos (1997) to determine the
returns for individuals working in the public
sector, as well as by Kanellopoulos and Mavro-
maras (2002) who attempt to explain wage dif-
ferentials between men and women. In addi-
tion, Papapetrou (2004) uses the quantiles
regression method, which allows an estimation
of the independent variables’ effect on the
dependent variable along the distribution of
the latter. Finally, Leibenstein (1967),
Psacharopoulos (1982), Magoula and
Psacharopoulos (1999), and Kanellopoulos,
Mavromaras and Mitrakos (2003) calculate
social returns to education using cost-benefit
techniques.

Almost all results of the available empirical
studies are consistent with human capital the-
ory, as they confirm a positive effect of edu-
cation and potential experience on earnings.
Returns to education levels increase with the
years of schooling, and all additional variables
have the expected signs. Of course such
returns may in fact differ considerably among
individuals, depending on, e.g., their mental
abilities, or the particular institution they
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studied at (in terms of its quality and repu-
tation in the labour market), but these
hypotheses cannot be tested using the avail-
able statistical information. A further point of
concern is that the widespread use of poten-
tial (rather than actual) work experience as
an explanatory variable may lead to a possi-
bly overestimated contribution of experience,
since it takes no account of periods of unem-
ployment, or non-participation in the labour
force due to pregnancy or other reasons, or
transition between jobs, etc. Moreover, given
that many studies use additional independent
variables, returns to education are no longer
comparable when these variables affect the
estimated contribution of education to earn-
ings. On the other hand, these variables
enhance the model’s explanatory power and
enable an exploration of the factors that
affect earnings, often also revealing overes-
timated returns to education.? Finally,
another important consideration relates to
sample selection error. For instance, as
regards women, only employed ones are
included in the sample. However, if not cho-
sen at random, i.e. if these are, e.g., primarily
women with more years of schooling, or
unmarried, then the sample is biased (not
representative of all women) and, as a result
of this selection error, estimates need to be
corrected using appropriate econometric
techniques.

A comparative analysis of the results of the
available studies in light of the above con-
siderations shows that, overall, returns to edu-
cation in Greece follow a downward path until
the late 1980s and increase in the course of
the 1990s. Thus, the return to one additional
year of schooling starts from 7.8% in 1964
(Kanellopoulos, 1985), falls to 5.8% in 1977
(Patrinos, 1992) and to 2.5% in 1985 (average
for men and women, Patrinos and Lam-
bropoulos, 1993), before rising again to 7.6%
in 1994 (Magoula and Psacharopoulos,
1999) and then to even higher levels in 1999

2 Hence, the use of additional variables must be examined on a case-
by-case basis, considering all positive and negative corollaries.



(Cholezas, 2005).% This ‘recovery’ of returns
to education in the 1990s is attributed to the
observed steady growth path of the Greek
economy and the ensuing higher demand for
skilled personnel, in parallel with the aban-
donment of the specific indexation policy pur-
sued in the 1980s that led to the compression
of earnings. In most studies, the return to
each individual education level reveals an
almost linear relationship to the years of
schooling, with the possible exception of ter-
tiary, particularly university, education. For
example, in 1994, the respective returns per
year are 6.7% for higher secondary (general)
education, 6.3% for technical education of the
same level, 6.9% for Technological Educa-
tional Institutes (TEI) and 8.7% for Univer-
sities (AEI) (Magoula and Psacharopoulos,
1999), whereas, in 1999, the corresponding
figures for men (women) are 9.3% (12.5%),
9.6% (7.9%), 11.1% (21.2%) and 14.5%
(16.3%) (Cholezas, 2005). In comparison with
other EU Member States, according to evi-
dence from European Community Household
Panel (ECHP) data, in the second half of the
1990s returns appear higher in South Euro-
pean countries, and Greece ranks at one of
the top positions (Cholezas, 2005). Opposite
conclusions are drawn by other studies (Har-
mon, Walker and Westergaard-Nielsen,
2001; OECD, 2010) using, however, different
databases for each country.

As regards the gender differential of return to
education, although women often enjoyed
lower rates of return in the past, more recent
data imply a reversal of the situation, as returns
to education for women today markedly sur-
pass those for men. Thus, in 1964, the return
to one additional year of schooling stood at
6.6% (6.5%) for male (female) employees
(Kanellopoulos, 1982), while the correspon-
ding rates for men (women) were 7.1%
(11.4%) in 1974, 5.2% (6.4%) in 1988, 6.7%
(7.8%) in 1994, and 7.2% (8.9%) in 1999
(Cholezas, 2005).

The exploration of returns to education by
field of employment seems to yield more con-

stant results, since returns are usually higher
in the private sector (Hadjidema, 1998). This
does not mean that the wages of women or pri-
vate sector employees are higher than those of
men or civil servants; on the contrary, their
returns to education are higher mainly because
the earnings of their reference group (i.e.
women or private sector employees with low
qualifications, accordingly) are exceptionally
low (Cholezas, 2005). For example, the wages
of women working in the private sector are
37% lower than those of women working in the
public sector, while the wage differential
between these two groups depends on the level
of earnings and seems to decrease as earnings
increase (Papapetrou, 2003).

The coefficient of potential experience
(including tenure or not) is always positive and
demonstrates the importance of past profes-
sional experience in the wage-setting process.
The coefficient of tenure (included only in a
few studies) is positive and higher than the
coefficient of experience. This implies that
employers are likely to value more the expe-
rience gained inside the enterprise at issue,
deeming job-specific experience more impor-
tant than general experience. In fact, includ-
ing tenure among the independent variables
lowers the return to one additional year of
schooling by roughly one percentage point
(Kanellopoulos, 1985). All the other variables
used have the expected signs. Of particular
interest is the higher return to one additional
year of schooling observed for individuals
whose fathers have attained a higher educa-
tion level (Patrinos, 1992, 1995), as evidence
of transmission of wage inequalities across
generations.

The empirical literature also explores other
individual questions somehow related to

3 Based on Household Budget Survey data for the period 1974-1999,
Kanellopoulos, Mavromaras and Mitrakos (2003) describe a sim-
ilar path of returns to education. In particular, as regards men, the
authors find that returns to all education levels fell considerably
between 1974 and 1988, increased significantly from 1988 to 1994,
and then remained unchanged or decreased slightly between 1994
and 1999. In the case of women, the respective returns decreased
considerably in the period from 1974 to 1982, before rising there-

after (during 1982-1999).
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returns to education. Thus, although human
capital theory posits that positive returns to
education result from higher productivity, fil-
ter theory claims that they may be stemming
from the fact that education signals to employ-
ers their employees’ higher skills. In such cases
education may actually represent a waste of
resources, since it does not lead to increased
worker productivity. The results of a number
of studies on the Greek labour market (Lam-
bropoulos, 1992; Magoula and Psacharopou-
los, 1999; Cholezas, 2005) are not always con-
sistent and tend to be influenced by the
methodology adopted for the investigation of
the problem.

Another point of interest related to returns to
education is gender discrimination in the
labour market. The existing studies show that
wage differentials between men and women in
Greece can largely be attributed to discrimi-
nation in the labour market, since 71.5%
(53.8%) of their wage differentials in 1988
(1994) cannot be explained based on differ-
ences in terms of male and female human cap-
ital (Kanellopoulos and Mavromaras, 2002).*
Between 1988 and 1999, the gender wage gap
in the private sector slightly increases but,
regardless of the methodology used, most of
this differential cannot be explained by dif-
ferences observed in the respective human
capital stocks of men and women (Cholezas,
2005). In addition, although an important dif-
ferentiation emerges between the earnings of
men and women when the workers’ position
along the earnings distribution (Papapetrou,
2008) and their level of education (Papa-
petrou, 2007) are also taken into account, in
most cases wage differentials cannot be
explained by differences in the workers’ pro-
ductive characteristics.

As mentioned above, so far none of the avail-
able studies has estimated returns to education
for individual groups of graduates within a spe-
cific level of education (e.g. engineers, physi-
cians, economists, etc.) and, moreover, none
has used LFS data. The present study, although
not primarily concerned with the estimation of
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private returns to education but with an exam-
ination of wage differentials between groups of
workers, nevertheless attempts to fill this gap.

3 LABOUR FORCE SURVEY: BRIEF DESCRIPTION
AND FIRST DESCRIPTIVE RESULTS

For the purposes of this study we used the
micro-data of the quarterly LFSs conducted by
the Hellenic Statistical Authority (ELSTAT)
between 2004 I and 2007 III. This period was
chosen because (i) the LFS data collection
methodology was radically revised in 2004 and
(ii) ELSTAT microdata for this period are
available in the form of a rotating panel, as
each member of the sample participates in the
LFS for six consecutive quarters (“waves”).

Since 1998 ELSTAT has been conducting the
LFS on a quarterly basis (previously only in the
second quarter of each year). The main pur-
pose of this survey is to collect detailed data on
the employment and unemployment status of
household members aged 15 or over. The LFS
quarterly sample of the country’s total popu-
lation includes approximately 30,000 house-
holds (an average sampling fraction of 0.85%),
with one sixth of it rotated (replaced) every
quarter, which implies at least 120,000 inter-
views each year.

A final question in the LFS questionnaire —
addressed only to household members working
as employees — relates to their monthly earn-
ings. Its exact wording is the following: “What
are the total monthly earnings from your main
job including extra payments paid monthly?
(Data should refer to last-month payments)”.
Responses can be given on the basis of nine
income brackets: less than €250, €251-500,
€501-750, €751-1,000, €1,001-1,250, €1,251-
1,500, €1,501-1,750, €1,751-2,000 and €2,000
or more. The present study makes use of these
data, although grouped information is not so

4 According to Kanellopoulos, Mavromaras and Mitrakos (2003) this
share of unexplained differential came to 87.9% in 1999 (1994:
70.7%, 1988: 46.3%).



suitable for an econometric analysis of wage
differentials between members of the sample.

Initially, we attempted to use the panel data
of the LFS by applying appropriate econo-
metric techniques in order to isolate the influ-
ence of non-observable individual character-
istics and calculate the “net” effect of specific
education system components on the level of
the employees’ hourly wages. This proved
unfeasible, however, since the variation of the
dependent variable (and of many independent
variables to an even greater extent) per unit of
observation (individual) was extremely limited
over time. In other words, in the vast major-
ity of cases the income bracket showed only a
slight change even after six consecutive quar-
ters, and all other characteristics of the
employees usually remained unchanged
throughout their participation in the LFS.
Therefore, for the purposes of the analysis, we
used cross-sectional LFS data. More specifi-
cally, we used the first observation of each
employee in the LFS over the period 2004 I —
2007 III. Table 1 presents the corresponding
monthly wage distributions by employee edu-
cation level. About 15% of the employees
included in the sample did not answer the
abovementioned question (replied: “Do not

Table | Distribution of employees in income
LFSs, not adjusted for inflation)

know/Do not answer”) and thus were
excluded from the analysis. This share does
not seem to be closely related to the employ-
ees’ education level, although it is slightly
higher in the groups of very low and very high
education levels.

For the purposes of the analysis, in the case of
the “closed” income brackets we assumed that
the employee’s wage was the mean of the
range, while for the corresponding values of
the two “open” brackets (on the top and bot-
tom ends of the distribution) we used the
detailed data of the Household Budget Survey
conducted by ELSTAT between February
2004 and January 2005, which collects infor-
mation on the level of net wages without the
use of income brackets. Given that the LFS
sample utilised in the analysis of the wages
covered the period 2004 I —-2007 III on a quar-
terly basis, the median value of each income
bracket in each quarter of the LFS was
adjusted for inflation, based on the Consumer
Price Index data published by ELSTAT, in
order for all wage data to be expressed in con-
stant prices of the third quarter of 2007.
Finally, to convert monthly wages into hourly
earnings we used the employees’ answers to
the question of how many hours per week they

brackets per education level (percentages, all

Pre-lyceum
Net monthly earnings (€) education Lyceum
Up to 250 15 0.7
251-500 7.4 5.6
501-750 26.8 23.7
751-1,000 30.7 28.8
1,001-1,250 12.8 16.5
1,251-1,500 42 7.3
1,501-1,750 1.5 2.1
1,751-2,000 0.4 0.6
2,000+ 0.2 0.4
No answer 14.6 14.3

Education level

Post-lyceum
non-tertiary Postgraduate
education TEI AEI studies
0.6 0.4 0.5 0.2
5:3 3.1l 25 i3
23.8 14.9 8.6 4.5
26.7 29.6 18.2 12.5
15.1 23.6 25.1 19.0
7.4 10.3 16.5 15.4
2.5 2.4 53 9.0
1.0 0.9 2.6 6.9
1.5 1.1 3.3 11.9
16.3 13.6 17.3 19.3
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usually work in their main job. This led to the
exclusion of some additional responders who
stated that “they cannot define the hours they
usually work, because these differ significantly
from one week to the other or from one month
to the other”. The resulting distributions
appear in Chart 1 for six categories of employ-
ees grouped according to their level of edu-
cation and reveal a clear positive relationship
between hourly wages and education level.
The next section analyses this relationship in
detail.

As regards the definition of education
groups, the LFS divides the population into a
large number of education categories (often
rather arbitrarily, in terms of the details pro-
vided). Given that this study focuses on terti-
ary education graduates, we chose to group
AEI and TEI graduates with as much detail as
possible. In many cases, however, this was
unfeasible due to the limited number of
employees in the groups at issue. In the end,
the criterion for keeping or merging tertiary
education groups was, apart from the homo-
geneity of the disciplines, the existence of a
minimum number of observations (around 100
men or women) spread over a large number of
years after graduation. For the lower education
levels, fewer groups were formed. Moreover,
it was decided to exclude from the sample a
few groups with either a rather small number
of observations or specific problems (graduates
of special needs schools, of Open University
and inter-disciplinary selection programmes, of
military and law enforcement academies, of the
School of Pedagogical and Technological Edu-
cation (SELETE/ ASPETE) and of pedagogic
academies with a two-year duration of studies).
The precise equivalence between LFS educa-
tion categories and those of the present study
is presented in Mitrakos, Tsakloglou and
Cholezas (2010) Annex II, with two exceptions
due to the small number of male and female
employees. The first exception involves the
group of “Structural Engineering” TEI grad-
uates, which has been merged here with the
group of “Mechanical and Computer Engi-
neering” technical school graduates (TEI). The
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Chart | Distribution of employees into hourly
wage brackets per education level (all LFSs,

adjusted for inflation)

(%)

€14+
Hl €12-14
Hl €10-12
B €8-10
€6-8
€4-6
€2-4
up to €2
80 80
60 60
40 40
20 20
0 I I I 0

I I
pre-lyceum lyceum post-lyceum  TEI AEI  postgraduate

(higher non-tertiary
secondary)

Source: Calculations based on LFS and ELSTAT data.

second exception refers to the group of IT
graduates (AEI), which has been merged with
the group of “Mechanical Engineering” grad-
uates that also includes the relevant branch of
“Computer Engineering”.

4 ECONOMETRIC RESULTS

For the purposes of this study we estimate the
hourly wages of the employees included in the
sample according to human capital theory.
This theory — originally developed by Mincer
(1958, 1974), Schultz (1961), Becker (1964),
Becker and Chiswick (1966) and Ben-Porath
(1967) based on the ideas of Adam Smith —
attributes labour wage differentials to the dif-
ferent human capital stock of the individual
workers. Human capital stock determines their
productivity, which, in a competitive market,
determines in turn the level of their wages.
Human capital consists of the knowledge, skills
and abilities that individuals acquire through



formal or informal education and previous
work experience (OECD, 1998), in addition to
their inherent abilities. These assumptions
formed the basis for the elaboration of the
Mincerian wage equation (Mincer, 1974),
extensively used in the literature on education
economics. The empirical estimates of many
such studies, as brought together by
Psacharopoulos (Psacharopoulos, 1973, 1981,
1985, 1994; Psacharopoulos and Patrinos,
2004), confirm the existence of a strong posi-
tive correlation between education and earn-
ings, but also of considerable differences in the
level of — mainly private — returns to education
across various countries and time periods.

Our analysis covers both broad education
groups, such as those in Table 1, and narrow
ones, strictly defined by the employees’ field of
study. In light of the literature reviewed in the
second section, we opted to estimate econo-
metric equations separately for men and
women (considering that even if the variables
affecting their respective wage levels are the
same, the effect exerted is quantitatively dif-
ferent). The analysed sample consists of 29,317
men and 20,851 women, whose educational
qualifications are presented in Table 2.

Two further points need to be made here.
First, that self-employment is widespread in
Greece: 41.0% (26.1%) of all employed men
(women) in the sample are self-employed. Self-
employment is particularly common among
those with low educational qualifications
(mostly in the agricultural sector) and within
specific groups of individuals with high edu-
cational qualifications. Indicatively, only
25.2% of male law school graduates included
in the sample are employees. Very low shares
of salaried employment are also observed for
male graduates of the structural engineering
school (35.3%) and the medical school etc.
(46.6%). The corresponding shares for the
sample’s female graduates are 44.0%, 54.7%
and 45.1%. With respect to these groups, a
slight risk may be involved in drawing conclu-
sions for all graduates of the corresponding
schools based on employees alone.’ The sec-

ond point to be made is that some groups are
very small, or heterogeneous, or both. This
holds for “Other TEI” and “Other AEI”, and
male graduates of “Languages” (as well as, to
a lesser extent, for male graduates of “Social
Sciences” and female graduates of “Horticul-
ture and Forestry”). The results for these
groups are not discussed.

The results reported in Table 2 could suggest
that the sample of employees may not be ran-
dom, thus calling for a two-step estimation
method, i.e. an initial estimation of the prob-
ability of an individual’s participation in the
sample of employees, and then a subsequent
estimation of the employees’ wage rates, once
the relevant correction term (Inverse Mills
Ratio) has been included among the explana-
tory variables. However, as in all two-step esti-
mation trials the relevant correction term was
always statistically not significant, the results
presented below were estimated using the least
squares method.

Traditionally, econometric estimations of pri-
vate returns to education use as dependent
variable the logarithm of employees’ hourly
wages, and two main explanatory variables
that proxy the human capital accumulated in
the employee: education and work experience.
In the main part of the analysis, the dummy
variables we use for education represent the
highest education level and specialty attained
by the employee according to the detailed
information of Table 2. For work experience,
we use the years since graduation and their
square. The quadratic term, expected to have
a negative sign in the econometric estimations,
indicates that the accumulation of experience
increases an individual’s earnings (albeit at a
decreasing rate) and may have a negative mar-
ginal effect beyond a certain point (due to the
depreciation of knowledge and skills). This
variable used for work experience is not ideal,

5 It should be noted that these groups of graduates feature a small
number of employees and not of observations in general. Thus,
although they are used as independent groups, results need to be
interpreted with caution, since a large share of these graduates are

not employees.
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Table 2 Percentages of employees in the total of employed persons aged 15-64 the first
time they are included in the LFS sample (2004 |1 - 2007 IlI)

Men Women
Percentage of Number of Percentage of Number of
Education level employees employees employees employees
Pre-lyceum education 49.6 10,090 53.6 4,218
Primary 44.4 5,988 46.6 2,645
Lower secondary 58.6 4,102 68.7 1,573
Lyceum 63.5 10,797 79.4 7,141
General lyceum 62.3 7,503 78.9 6,249
Technical lyceum 69.8 1,629 88.0 642
Post-gymnasium technical school 63.0 1,665 72.2 250
Post-lyceum non-tertiary education 69.5 2,501 83.6 2,903
1IEK 69.5 2,145 84.5 2,608
Other post-lyceum education 69.6 356 76.4 295
TEI 69.7 1,506 89.7 1,803
Structural, Mechanical & Computer Engineering 71.4 774 85.5 200
Agricultural & Food Technology 71.8 139 81.0 105
Economics & Management 68.6 416 88.4 578
Medical Sciences 65.8 146 93.0 809
Other TEI 55.2 31 89.6 111
AEI 61.9 3,949 78.2 4,467
Structural Engineering 35.3 260 54.7 149
Mechanical Engineering & IT 69.3 486 89.1 132
Physical Sciences 77.4 368 82.1 198
Mathematics & Statistics 75.3 281 88.9 160
Medical School etc. 46.6 417 45.1 287
Horticulture & Forestry 67.3 220 90.8 97
Law School 25.2 104 44.0 235
Economics & Management 68.9 880 88.8 795
Social Sciences 72.6 64 83.2 178
Humanities 823 386 90.2 1,071
Languages 57.4 27 81.2 327
Physical Education & Sports 80.4 267 91.4 167
Pedagogics 96.5 144 97.3 581
Other AEI 73.4 45 81.0 90
Postgraduate studies 74.9 474 79.4 319
Postgraduate degree 73.1 286 77.6 221
Doctorate 78.2 188 85.4 98
TOTAL 59.0 29,317 73.9 20,851
since it only approximates actual work expe-  ployment or withdrawal from the labour mar-
rience (overlooking any periods of unem-  ket, as well as of any work combined with stud-
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ies).® This can lead to an overestimation of
actual experience and, consequently, of its
effect on wages. However, compared to the
corresponding variable used in most of the
works mentioned in the second part of this
study (i.e., age minus the minimum years of
study required for obtaining the degree minus
6), it is undoubtedly a much better proxy of the
actual work experience. Given that theory sug-
gests no reason to expect that the relationship
between experience and earnings would be the
same for all education levels and specialties,
we included as independent explanatory vari-
ables in the estimated equation multiplicative
terms introduced between the dummy vari-
ables of education levels and years since grad-
uation and their square.

In addition to those that proxy the employee’s
human capital stock, the analysis also uses as
explanatory variables some other variables
associated with the employees’ wage level.
These are the region and degree of urbanisa-
tion of their place of residence, the sector
(public/private) in which they work, their
nationality and family status, the size of the
local unit and the branch of economic activity
of the firm for which they work, and the year
and quarter of the LFS they took part in. Most
results are illustrated in charts, where the
dependent variable (hourly wage) is presented
as a function of the years since graduation, sep-
arately for men and women. The reference
group consists of single men or women
(depending on the equation) who are general
lyceum graduates, of Greek nationality, resi-
dents of Athens, employed in a business unit
of 10 or less employees, in the private (retail
or wholesale) sector, and have participated in
the LFS in the third quarter of 2007. The
detailed results and the description of the
dependent and the independent variables used
in the econometric analysis can be found in
Appendix I. On account of heteroskedasticity,
the coefficients’ estimated standard errors
were corrected using White’s method (1980).

Before discussing the charts with the detailed
results, it would be interesting to examine the

Chart 2 Estimated hourly wages per education

level

(net hourly wages in euro, constant prices of 2007)

—— pre-lyceum
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Source: Calculations based on LFS and ELSTAT data.

corresponding results for six broad education
groups, namely, individuals who have com-
pleted studies at pre-lyceum, lyceum (higher
secondary), post-lyceum non-tertiary, TEI,
AEI, and postgraduate levels. These results
stem from estimations based on the variables

6 Asalready mentioned in the literature review, the use of potential
experience as a proxy for actual work experience can lead to an
overestimation of the latter’s effect on hourly wages, given that
tenure is not taken into account due to the lack of necessary infor-

mation in the LFS sample.
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mentioned above, but this time for broader
groups of graduates. They are presented in
Charts 2.a and 2.b for men and women respec-
tively, which depict the estimated level of
employees’ hourly wages (vertical axis) as a
function of the first 20 years since graduation
from the highest education level completed
(horizontal axis), once the effect of all other
variables (family status, region, urbanisation,
nationality, private or public sector, branch of
economic activity, size of local business unit,
quarter of the survey) has been checked. In all
likelihood, twenty years after graduation is the
maximum period that young people consider
when deciding on the level and specialty of
their studies. Similar charts are used in the
rest of the study. These charts seem to fully
confirm human capital theory (since the
higher the education level, the higher the esti-
mated level of earnings) and support our
choice to introduce multiplicative terms
between education level and years since grad-
uation, as the slopes of the curves of the earn-
ings/experience functions seem to differ con-
siderably across education levels.

Charts 3.1.a to 3.7.b present similar results for
homogeneous groups, usually within specific
education levels, with an emphasis on the
wages of tertiary education graduates. For
comparison purposes, all charts also include
the curve of the estimated wages of the men’s
reference group (male general lyceum gradu-
ates). Charts 3.1.a and 3.1.b show the estimated
hourly wages of men and women with low edu-
cational qualifications (primary and lower sec-
ondary education graduates). Most members
of these groups are of a relatively old age. The
“primary education” category comprises as
much persons who have not finished primary
school, as primary school graduates or persons
who have additionally attended a few years of
gymnasium (high school). As expected, the
earnings of both categories are lower than
those of male lyceum graduates. What is sur-
prising in Chart 3.1.b is the very small differ-
ence in the wages of these two groups of
employees and the fact that these wages seem
to register a minimal change over the years
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Chart 3.1 Estimated hourly wages of graduates
of primary and lower secondary (compulsory)

education

(net hourly wages in euro, constant prices of 2007)

—— general lyceum (men)
........ primary
—— lower secondary
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Source: Calculations based on LFS and ELSTAT data.

Note: For comparability reasons, all charts in this section also
depict the estimated hourly wages of male general lyceum
graduates.

since graduation. In other words, the accu-
mulation of work experience does not seem to
substantially affect the wages of the employees
belonging to these categories.

Charts 3.2.a and 3.2.b refer to lyceum (higher
secondary) and post-lyceum non-tertiary
graduates. Graduates of higher secondary edu-
cation are grouped into three subcategories:
general lyceum, technical lyceum and post-



gymnasium technical schools. The first sub-
category also comprises persons who have not
completed tertiary education studies; the sec-
ond consists of graduates of Technical Voca-
tional Lyceums (TEL), Unified Multidiscipli-
nary Lyceums (EPL) and Technical Vocational
Institutes (TEE); and the third comprises grad-
uates of Technical Vocational Schools (TES),
post-gymnasium foreman schools and post-
gymnasium mercantile marine schools. Post-
lyceum non-tertiary education graduates are
grouped into two subcategories: graduates of
(public or private) Institutes of Vocational
Training (IEK) and graduates of other post-
lyceum education institutes. The third category
comprises graduates of colleges, dance
schools, tourism, (non-university) foreign lan-
guages, mercantile marine officers, etc. In the
case of men, the estimated wages of general
lyceum graduates are slightly higher than those
of technical lyceum and post-gymnasium tech-
nical school graduates, although differences
almost disappear after a decade. The estimated
wages of graduates of other post-lyceum edu-
cation institutes are clearly higher than those
of IEK graduates. Indeed, the wages of the lat-
ter during the first five years after graduation
do not differ from the corresponding wages of
general lyceum graduates; however, the gap
widens later on in favour of IEK graduates. In
the case of women, the picture is slightly dif-
ferent. For a number of years after graduation,
the wages of general lyceum and post-gymna-
sium technical school graduates are almost
identical, whereas those of technical lyceum
graduates are lower. In the case of women, the
wages of graduates of other post-lyceum edu-
cation institutes of non-tertiary education are
higher than those of IEK graduates, but dif-
ferences between the two groups are not as
large as in the case of men.

Charts 3.3.a and 3.3.b show the estimated
hourly earnings for graduates of TEI (or, pre-
viously, KATEE, i.e. Centres of Higher Tech-
nical and Vocational Training). These gradu-
ates have been grouped into five subcate-
gories. The first has a technical orientation
(“structural engineering, mechanical and com-

Chart 3.2 Estimated hourly wages of graduates
of lyceum (higher secondary) and post-lyceum

non-tertiary education
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Source: Calculations based on LFS and ELSTAT data.

puter engineering”), the second results from
merging the graduates of agricultural tech-
nology and food technology schools ("agri-
cultural and food technology"), the next two
relate respectively to graduates of “econom-
ics and management” and “medical (or para-
medical)” sciences, while the last one (“other
TEI”) comprises graduates of schools for
librarians, social workers and applied arts. As
mentioned earlier, due to the heterogeneity of
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the latter and the small number of observa-
tions, results concerning the “other TEI” cat-
egory should be interpreted with extreme cau-
tion and are not discussed in detail (see also
the group’s wage curve in Chart 3.3.a). For
both men and women, the estimated wages of
agricultural and food technology graduates are
lower than those of other TEI graduates. As
for the rest of the categories, structural engi-
neering, mechanical and computer engineer-
ing graduates seem to hold a small advantage,
but differences are not significant.

Because of the classification of AEI graduates
(excluding postgraduates) into a large number
of subcategories, the relevant results have been
grouped and are presented in three sets of
charts. Charts 3.4.a and 3.4.b show estimates of
the hourly wages of science graduates. More
specifically, estimates are presented for the
groups of “structural engineering”, “mechan-
ical engineering and IT”, “natural sciences”
and “mathematics and statistics” graduates.
Under “structural engineering” we have
included graduates from schools such as civil
engineering, architecture, topography, etc.
“Mechanical engineering and IT” includes
graduates from schools of naval engineering,
electrical engineering, chemical engineering,
mineralogy, etc. Under “natural sciences” we
have included graduates from schools of
physics, chemistry, biology (excluding medical
biology) and geology. Due to the large number
of self-employed “structural engineering”
graduates, it might not be possible to gener-
alise the results for all graduates of the schools
that belong to this group.

Contrary to the charts concerning TEI grad-
uates, these charts, as well as the next two sets
of charts (concerning AEI graduates), reveal
significant wage differentials over male gen-
eral lyceum graduates. However, differences
between men and women are also large. In the
case of men, after the first five years “mechan-
ical engineering and IT” graduates and “nat-
ural sciences” graduates seem to earn the
highest wages among these four groups of AEI
graduates, while the wages of “mathematics
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Chart 3.3 Estimated hourly wages of TEI

graduates

(net hourly wages in euro, constant prices of 2007)
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Source: Calculations based on LFS and ELSTAT data.

and statistics” graduates are somewhat
lower. In the case of women, the estimated
hourly wages of “natural sciences” graduates
start at a relatively low level and in the first
ten years after graduation lag behind the
wages of technical university school graduates,
but thereafter seem to be the highest among
the four groups in the chart. For both men and
women, “mathematics and statistics” gradu-
ates appear to earn the lowest wages among



Chart 3.4 Estimated hourly wages of AEI

graduates (I)

Chart 3.5 Estimated hourly wages of AEI
graduates (I1)

(net hourly wages in euro, constant prices of 2007)
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Source: Calculations based on LFS and ELSTAT data.

the four groups in the first twenty years after
graduation.

Charts 3.5.a and 3.5.b illustrate the estimated
hourly wages for five groups of AEI graduates:
“medical school, etc.”, “horticulture and
forestry”, “law school”, “economics and man-
agement” and “social sciences”. Apart from
medical doctors, the group “medical school,
etc.” includes graduates from dentistry, phar-

maceutical and veterinary schools, while the

(net hourly wages in euro, constant prices of 2007)
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Source: Calculations based on LFS and ELSTAT data.

“social sciences” group includes graduates
from schools of sociology, psychology, anthro-
pology, etc. Due to the high shares of self-
employed among medical school and particu-
larly law school graduates, it might not be pos-
sible to generalise these results for all gradu-
ates of these groups.

It is worth noting how the wages of “law
school” graduates evolve as a function of years
since graduation. Owing probably to the
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mandatory traineeship that graduates of this
group have to complete, their estimated hourly
wages during the first years after graduation
are exceptionally low, but then rapidly
increase and, after a period of 12 years for
women and 20 years for men, they are the
highest among the groups examined. The
wages of “medical school” graduates are also
high, while those of female graduates of “hor-
ticulture and forestry” and of male graduates
of “social sciences” range at relatively low lev-
els. For men and women alike, the wages of
the large group of “economics and manage-
ment” graduates appear to start at satisfactory
levels and evolve at a relatively fast pace (espe-
cially for men).

The third group of AEI graduates consists
mainly of “instructor” school graduates and the
relevant results are shown in Charts 3.6.a and
3.6.b, for five groups of schools: “humanities”,
“languages”, “physical education and sports”,
“pedagogics” and “other AEI”. As the “other
AEI” group refers to graduates from schools
of fine arts, medical biology, nursing, nutrition,
journalism, librarianship, home economics,
etc., due to its high heterogeneity and small
size the corresponding estimates are not dis-
cussed. The same applies to the results for
male graduates of “languages”, because the
relevant estimates are derived from very few
observations (a problem also observed, to a
lesser extent, among male social science grad-
uates). Finally, the “humanities” group
includes graduates from schools of Greek lit-
erature, philosophy, history, archaeology, the-
ology, music, theatre, etc. It is worth noting
that the estimated wages for (both male and
female) graduates of “pedagogics” schools
seem to rise at an increasing pace the further
we move away from the year of graduation.
However, given that this group includes very
few graduates with extensive work experience
(as studies in the corresponding schools and
departments were only upgraded to AEI level
roughly two decades ago), this result should be
interpreted with caution. Equally noteworthy
is that the estimated wages for (both male and
female) graduates of “physical education” and
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Chart 3.6 Estimated hourly wages of AEI

graduates (l11)
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Source: Calculations based on LFS and ELSTAT data.

male graduates of “humanities” start at rela-
tively low levels but rapidly pick up as the years
after graduation pass.’

Finally, Charts 3.7.a and 3.7.b show the results
for individuals with postgraduate studies, sep-

7 It should also be noted that, based on the experience drawn from
many countries, a significant share of teachers (a group overrep-
resented in the above groups of graduates), when asked about their
usual working hours often state just the teaching hours, overlooking
any hours of preparation, etc., and so their estimated hourly wages
are often overrated.



Chart 3.7 Estimated hourly wages of graduates

of postgraduate studies
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arately for Master’s degree and doctorate hold-
ers.® In both cases, the estimated earnings start
at relatively high levels and increase further
with time. For both men and women, the wages
of doctorate holders are clearly higher. How-
ever, in the case of women the gap between the
two groups is relatively small and seems to
remain unchanged throughout the horizontal
axis (years after they completed their studies),
while men’s wages differ considerably early on,
but gradually converge.

Charts 4.1.a to 4.2.b present some additional
econometric results for male and female AEI
graduates separately. In particular, Charts
4.1.a and 4.1.b illustrate the development of
the two genders’ wages over time as we move
further away from graduation, for individuals
working in the public and the private sector,
once the impact of all other factors has been
isolated. Moreover, our estimation includes
among the explanatory variables multiplicative
terms for the sector of employment and the
years since graduation. The results are quite
interesting. For both men and women, the esti-
mated hourly wages are higher in the public
sector. Indeed, for both genders, though more
markedly for women, public and private sector
wages diverge as we move further away from
the year of graduation.

Charts 4.2.a and 4.2.b show the corresponding
differences on the basis of the employees’
nationality. Among both men and women, the
estimated hourly wages of Greek nationals and
of nationals from other EU countries are prac-
tically the same and considerably higher than
those of the employees who are non-EU
nationals. This could be the result of discrim-
ination and, at the same time, a serious indi-
cation of the fact that the educational qualifi-
cations these persons have most probably
acquired in their home countries are not par-
ticularly valued in the labour market.

The results of the econometric estimations
broken down by degree of urbanisation and
region of the place of residence of the employ-
ees are likely to also reflect differences in the
cost of living in the various areas of the coun-
try (relevant charts available on request). Esti-
mations for both men and women show that,
ceteris paribus, wages in the urban centres, and
particularly in the greater area of Thessaloniki,
are higher than in the country’s semi-urban
and rural areas. As regards the development of
the estimated hourly wages of male and female
AEI graduates across the country’s regions, the

8 Owing to these graduates’ higher earnings, the vertical axis in these
charts covers a wider range of wages than in all other charts.
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results of the estimations show certain differ-
ences between the samples of men and women.
However, ceteris paribus, for both genders the
estimated wages earned by employees are
higher in the South Aegean region and lower
in the regions of Central Macedonia, the ITon-
ian Islands, and East Macedonia-Thrace.

Many empirical studies show that, ceteris
paribus, larger enterprises pay higher wages
than smaller ones. This phenomenon has been
given many alternative interpretations. In
Greece, the vast majority of enterprises are
either small or very small. The LFS does not
provide information on the size of the enter-
prise the employees work for, but only on the
size of the local unit in which they are
employed. This variable helps us classify under
one category all the enterprises that are not too
small (local unit with more than 10 employees),
although of course the other category may thus
include individuals working in small units of
large enterprises. At any rate, the study’s results
regarding the effect of the size of the local
enterprise unit on the estimated hourly wages
are clear: employment in small units is associ-
ated with a rather large wage disadvantage.

The estimated econometric equation includes
additional explanatory variables. Among the
various branches of economic activity, wages
differ greatly. Having isolated the impact of all
other factors, “education”, “extraterritorial
organisations and bodies” and “mining and
quarrying” are the branches that seem to offer
higher wages, while employees in the branches
of “agriculture and animal breeding”, “domes-
tic services” and, to a lesser extent, “retail and
wholesale trade” seem to receive lower wages.
Also, the wages of married persons are higher
(more so of married men), something that can
be attributed either to a greater effort made by
them or, most likely, to the fact that family
allowances are recorded together with wages.
Finally, the wage levels show seasonality and,
particularly, a trend over time — a fact expected
since real wages increased significantly during
the time period covered by the LFS waves used
in the present analysis.
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Chart 4.1 Estimated hourly wages of AEI

graduates in the public and the private sector

(net hourly wages in euro, constant prices of 2007)
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Source: Calculations based on LFS and ELSTAT data.

The model explains 44.3% of the dependent
variable’s variation in the case of the equation
for men, and 46.7% in the case of the one for
women. These proportions are deemed to be
quite satisfactory for the specific cross-
sectional estimations of the present study.

Table 3 summarises the information included in
Charts 3.1.a to 3.7.b in a more comprehensible
way. It presents estimated hourly wages by edu-
cation level and specialty, the first year after
graduation, as well as 3, 5 and 10 years after
graduation, separately for men and women of



the reference group (single persons of Greek
nationality that reside in Athens, work in a pri-
vate sector enterprise with 10 or less employees,
and have participated in the LFS in the third
quarter of 2007). As regards tertiary education
in particular, during the first decade after grad-
uation, the graduates of “structural engineering,
mechanical and computer engineering”, fol-
lowed by those of “economics and manage-
ment”, enjoy the highest estimated wages
among TEI graduates. In some cases, the esti-
mated wages of these groups are higher than the
estimated wages of certain groups of AEI grad-
uates. As regards AEI graduates, during the first
decade after graduation, for both men and
women, the highest estimated wages are
observed among graduates of “medical school
etc.” and of the two types of engineering schools
(“structural engineering” and “mechanical engi-
neering and IT”), whereas, as already men-
tioned, the estimated wages of doctorate hold-
ers are higher than the estimated wages of Mas-
ter’s degree holders.

However, can the estimated hourly wages
listed in Table 3 a priori reflect the wage that
can be expected by an employed graduate of a
specific education level and specialty? The
answer is negative, since every stage in a per-
son’s career involves the possibility of unem-
ployment. In fact, as Mitrakos, Tsakloglou and
Cholezas (2010) demonstrate, the estimated
rates of unemployment differ significantly
across education levels and specialties, and
change dramatically as we move further away
from the year of graduation. Therefore, in
order to calculate the expected wage, the esti-
mations of Table 3 should be multiplied by the
probability of employment of the correspon-
ding education group at the specific time inter-
val from the year of graduation, as this appears
in Table 4 of that earlier study (Mitrakos,
Tsakloglou and Cholezas, 2010).

The resulting estimations of the present study,
shown in Table 4, are evidently lower than the
corresponding ones in Table 3. In several edu-
cation categories, especially during the first
years after graduation when the estimated

Chart 4.2 Estimated hourly wages of AEI

graduates by nationality
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Source: Calculations based on LFS and ELSTAT data.

rates of unemployment are high, and more so
for women than men, the estimations are much
lower than those in Table 3. Nevertheless, par-
ticularly after the first few years since gradu-
ation, the higher the education level is, the
higher the expected wage (adjusted for the
probability of unemployment), with the dif-
ferentials over the lowest education levels con-
stantly increasing. Most of the results in Table
4 are not substantially different from those in
Table 3 as to the ranking of the various spe-
cialties as far as tertiary education is con-
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Table 3 Estimated hourly wages 0, 3, 5 and 10 years after graduation

(euro, 2007 constant prices)

Men Women

Years after graduation Years after graduation
Education level <1 3 5 10 <1 3 5 10
Pre-lyceum education
Primary 3.10 332 3.46 3.80 3.33 3.40 3.44 3.53
Lower secondary 3.21 3.46 3.62 4.00 342 3.50 3.54 3.65
Lyceum
General lyceum 3.60 3.83 3.98 4.34 3.41 3.57 3.67 391
Technical lyceum 3.40 3.66 3.82 422 3.22 3.34 3.43 3.64
Post-gymnasium technical school 3.33 3.62 3.82 4.28 3.45 3.59 3.68 3.92
Post-lyceum non-tertiary education
1IEK 3.54 3.86 4.06 455 3.46 3.70 3.85 422
Other post-lyceum education 4.65 4.90 5.06 5.44 3.94 4.24 4.43 4.83
TEI
Structural, Mechanical & Computer Engineering 4.18 4.50 4.71 5.18 3.48 3.90 4.16 4.75
Agricultural & Food Technology 4.10 4.31 4.44 4.76 3.26 3.65 3.89 4.39
Economics & Management 3.83 4.27 4.54 5.15 3.88 4.07 4.20 4.53
Medical Sciences 3.96 427 4.47 4.97 3.61 391 411 455
Other TEI 4.87 4.57 4.43 4.27 4.13 4.44 4.62 4.96
AFEI
Structural Engineering 5.07 521 5.30 5.54 491 5.13 5.26 5.59
Mechanical Engineering & IT 4.79 5.22 5.50 6.15 4.52 4.94 5.19 5.63
Physical Sciences 4.67 5.04 5.28 5.86 3.83 4.37 4.72 5.57
Mathematics & Statistics 4.42 4.71 4.89 5.35 4.45 4.64 4.77 5.14
Medical School etc. 5.10 5.52 5.79 6.42 5.10 5.25 5.35 5.58
Horticulture & Forestry 4.15 4.51 4.74 5.30 4.78 4.71 4.68 4.70
Law School 3.02 3.69 4.16 5.36 3.13 3.81 4.28 5.41
Economics & Management 422 4.63 4.90 5.56 4.04 4.39 4.61 5.12
Social Sciences 4.26 4.41 4.53 4.86 3.99 428 4.48 4.98
Humanities 3.79 4.32 4.67 5.53 4.52 4.82 5.02 5.51
Languages 5.08 5.50 5.79 6.49 4.95 5.14 5.26 5.55
Physical Education & Sports 3.84 429 4.59 5.31 3.62 413 4.46 5.24
Pedagogics 4.75 4.81 4.90 5.34 4.90 5.06 5.19 5.57
Other AEI 5.67 5.67 5.69 5.79 4.64 491 5.07 5.35
Postgraduate studies
Postgraduate degree 5.52 5.89 6.14 6.74 5.57 5.84 6.02 6.45
Doctorate 6.99 7.34 7.56 8.02 6.03 6.37 6.59 7.06

34
24 Economic Bulletin
September 2010



Table 4 Estimated hourly wages 0, 3, 5 and 10 years after graduation adjusted for

unemployment probability

(euro, 2007 constant prices)

Men Women

Years after graduation Years after graduation
Education level <1 3 5 10 <1 3 5 10
Pre-lyceum education
Primary 2.80 3.03 3.18 3.54 3.00 3.01 3.01 3.03
Lower secondary 3.05 3.29 3.45 3.83 3.13 3.18 3.20 3.29
Lyceum
General lyceum 3.36 3.62 3.78 4.18 2.99 3.16 3.27 353
Technical lyceum 3.15 3.45 3.63 4.07 2.60 2.76 2.87 3.14
Post-gymnasium technical school 3.14 3.44 3.65 4.13 2.95 3.09 3.19 3.45
Post-lyceum non-tertiary education
1IEK 3.20 3.58 3.82 4.38 2.75 3.04 3.22 3.66
Other post-lyceum education 4.37 4.63 4.79 5.18 3.39 3.69 3.88 4.28
TEI
Structural, Mechanical & Computer Engineering 3.75 4.21 4.49 5.06 2.53 3.26 3.67 4.48
Agricultural & Food Technology 3.59 3.95 4.15 4.58 2.38 2.84 3.13 3.73
Economics & Management 3.40 3.96 4.29 5.01 3.07 3.33 3.50 3.90
Medical Sciences 3.14 3.80 4.17 4.88 2.72 3.23 3.55 4.21
Other TEI 4.30 4.26 4.22 4.18 2.90 3.59 3.96 4.59
AEI
Structural Engineering 4.75 4.99 5.13 5.45 3.95 451 4.81 5.36
Mechanical Engineering & IT 4.51 4.98 5.29 5.98 4.00 4.59 4.93 5.48
Physical Sciences 391 4.51 4.87 5.67 2.29 3.17 3.75 5.06
Mathematics & Statistics 3.34 4.18 4.57 5.26 2.49 3.44 3.95 4.84
Medical School etc. 4.66 511 5.43 6.23 4.15 4.61 4.86 5.33
Horticulture & Forestry 3.88 4.28 4.54 5.16 3.61 3.61 3.66 3.93
Law School 2.99 3.66 4.14 5.34 2.80 352 4.02 5.23
Economics & Management 3.76 432 4.66 5.43 3.30 3.79 4.09 4.76
Social Sciences 3.80 4.08 4.26 4.68 2.71 3.39 3.79 4.60
Humanities 3.30 3.93 4.34 5.33 3.29 3.84 4.19 5.00
Languages 4.13 4.82 5.33 6.41 4.30 4.61 4.79 5.19
Physical Education & Sports 3.34 3.83 4.15 4.96 3.29 3.64 3.88 4.62
Pedagogics 4.43 4.56 4.69 5.21 3.84 4.25 4.51 5.15
Other AEI 5.22 5.26 5.30 5.46 3.93 4.35 4.58 4.99
Postgraduate studies
Postgraduate degree 5.03 5.53 5.85 6.55 4.60 5.16 5.48 6.13
Doctorate 6.49 7.02 7.33 7.95 4.93 5.62 6.00 6.73
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cerned. Again, with respect to TEI, the grad-
uates with the highest expected wages are
those of “structural engineering, mechanical
and computer engineering”, followed by those
of “economics and management” (and “med-
ical sciences” in the case of women), while with
respect to AEI, at least during the first ten
years after graduation, the highest expected
wages are observed among graduates of “med-
ical school etc.” and of the two types of engi-
neering schools (“structural engineering” and
“mechanical engineering and I'T”). Things are
less clear at the other end of the distribution,
although graduates of “social sciences”
schools feature almost invariably among the
groups with the lowest expected wages.

However, the fact that graduates of one spe-
cialty of a specific education level may enjoy
higher wages than those of another specialty of
the same level does not necessarily imply that
returns to education are higher for the former,
as the years of study needed for the two spe-
cialties might differ. The data on which the
estimations appearing in Tables 3 and 4 rely
allow for a calculation of the internal rate of
return to the completion of studies for each
education level and specialty, adjusted (or not)
for unemployment effects. This has never been
attempted so far in the available Greek liter-
ature. Estimates of private returns to educa-
tion for tertiary education graduates based on
the information used in Tables 3 and 4 are pre-
sented in Table 5. Of course, as some of the
groups of the sample at issue are relatively
small, not adequately represented throughout
the entire range of years since graduation, or
showing high percentages of self-employment,
the corresponding results should be treated
with caution. The methodology applied is thor-
oughly described in Appendix II, including a
detailed example (calculation of the annual
marginal private returns to education in the
years after graduation from lyceum for male
and female AEI graduates of “economics and
management” schools).

First of all, it should be noted that due to the
use of multiplicative terms between education
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levels and specialties and years since gradua-
tion and their square, returns to education
resulting from the analysis are not invariable,
but change as we move further away from the
year of graduation. The calculation of such
returns relies on a number of assumptions.

As regards TEI graduates, we assume that they
come mainly from technical lyceums, so their
estimated wages are compared with those of
technical lyceum graduates. Given that the lat-
ter are lower than the wages of general lyceum
graduates, if TEI graduates actually come
mainly from general lyceums, their returns are
overestimated in the tables.” Until recently,
studies in TEI (or formerly KATEE) lasted
three years. However, since 2001 the required
duration of studies for all TEI (for certain ones
already since 1999) has been changed to four
years. Thus, owing to the rather limited number
of TEI graduates with four years of studies in
our sample, the estimates presented below rely
on the assumption that TEI studies have lasted
three years for all TEI graduates. Obviously, the
estimated internal rates of return would be
lower had we assumed a four-year duration of
studies. Similarly, we assumed that studies in
technical university as well as “horticulture and
forestry” schools last five years. Returns for
“medical school etc.” graduates were also cal-
culated based on the assumption of five-year-
long studies because, although medical school
studies last six years, other schools of that group
are completed in only five or even four years.
Again here the estimated internal rates of
return would have been lower had we assumed
a shorter duration of studies. For all other AEI
graduates, the assumption made was that their
studies lasted four years. For postgraduate
degree holders it was assumed that studies after
lyceum lasted five years; therefore, if post-
graduate studies last mainly two years and most

9 It should be recalled that the return to each education level is
derived by comparing the estimated coefficient of the dummy vari-
able of the given level with the corresponding estimated coefficient
of the dummy variable of the immediately preceding education
level (marginal return). Therefore, the assumption about the spe-
cific kind of education level the individuals come from (e.g. tech-
nical or general lyceum) before finishing their highest level of stud-
ies (e.g. TEI) is quite significant for the calculation, since it is one
of the equation’s terms.



Table 5 Estimated private returns to education

(percentages)

Not adjusted for unemployment

probability Adjusted for unemployment probability

Education level Men Women Men Women
TEI

Structural, Mechanical & Computer Engineering 6.8 7.2 7.0 8.4
Agricultural & Food Technology 39 34 3.6 1.0
Economics & Management 5.4 7.5 55 6.9
Medical Sciences 6.1 6.4 5.8 7.8
Other TEI 3.6 8.8 3.7 9.2
AEI

Structural Engineering 52 7.4 55 7.9
Mechanical Engineering & IT 7.0 5.7 7.1 6.9
Physical Sciences 7.8 8.2 7.4 7.3
Mathematics & Statistics 5.7 7.8 53 7.0
Medical School etc. 7.9 7.4 7.9 8.0
Horticulture & Forestry 4.0 4.7 4.2 39
Law School 55 7.0 6.2 8.1
Economics & Management 6.4 6.6 6.5 6.9
Social Sciences 4.1 6.7 3.8 6.2
Humanities 58 8.9 5.7 8.3
Languages 10.5 9.2 9.9 9.8
Physical Education & Sports 53 6.5 4.8 6.8
Pedagogics 8.7 10.0 8.9 9.9
Other AEI 8.6 6.9 7.9 7.1
Postgraduate studies

Postgraduate degree 9.3 10.5 9.3 11.5
Doctorate 7.8 7.4 8.0 8.0

of the graduates come from schools with five or
more years of bachelor studies, then the corre-
sponding returns are overestimated in the
tables. Finally, it was assumed that eight years
of studies after lyceum are required in order to
obtain a doctorate.

Needless to say, estimates in Table 5 focus on
the pecuniary private returns to education,
ignoring other (non-pecuniary) benefits stu-
dents may enjoy thanks to their participation
in higher levels of the education system. In
order to calculate the returns listed in these
tables, we assume that the individuals’ work-
ing life is 35 years. This is most likely realis-

tic for men, but could be somewhat exagger-
ated for women, at least currently (although
recent developments in retirement age limits
point to this direction). In the literature, work-
ing life is often estimated based on a person’s
(theoretical) graduation year and (theoretical)
retirement age. In the case of Greece, how-
ever, this would translate into lyceum gradu-
ates with up to 46 years of work experience as
employees. However, our sample includes very
few workers (and almost no employees) with
such characteristics.

In the literature, estimates such as those listed
in Table 5 are usually called “private returns
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to education”. The results of Table 5 show the
annual estimated returns to education, sepa-
rately for men and women, by category of ter-
tiary education graduates. Even though —as
shown by the results in Table 3— women’s
wages are much lower than those of men, for
both AEI and TEI graduates, in most cases
returns to education are higher for women
than for men. Of course this is mainly attrib-
utable to the fact that the gap between lyceum
and tertiary education graduates is, respec-
tively, even greater for women than for men.
Also, returns to AEI studies seem to be higher
than those on TEI studies, although vast dif-
ferences appear between groups of schools
within the two types of tertiary education. In
general, the level of returns can be considered
satisfactory. The highest returns are observed
for graduates of “pedagogics” (a result that, as
mentioned earlier, should be treated with cau-
tion), “foreign languages” (mostly women),
“natural sciences” and, to a lesser extent,
“medical school etc.”, while at the opposite
end we find those of “horticulture and
forestry” and “social sciences” (only men). The
returns of Master’s degree and doctorate hold-
ers are particularly high.

If we consider that investment in human cap-
ital is really a form of investment, in estimat-
ing its return one should also take into account
the cost of the potential risks involved. Most
probably, the greatest risk is that of unem-
ployment, which could wipe out (at an indi-
vidual level) or considerably decrease (at a
collective level) expected returns. Hence, we
consider that real private returns to education
are those resulting from the estimations shown
in Table 4 and presented in Table 5. The cal-
culation of the returns in question has taken
into account the probability of unemployment
for a specific number of years after gradua-
tion, as much for individuals in the reference
group (general or technical lyceum graduates)
as for graduates of every group of tertiary edu-
cation.

Differences between the estimates of Table 5
are not very pronounced. The estimated
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annual returns to education may increase in
some cases or decrease in others, but all such
changes are usually small. Among the groups
of TEI graduates, the highest returns seem to
correspond to
mechanical and computer engineering” and
the lowest to “agricultural and food technol-
ogy”, as regards both men and women.
Among AEI graduates, returns increase in the
case of the two categories of technical uni-
versity graduates, “medical school etc.”, “law
school” and, to a lesser extent, “economics
and management”.

“structural engineering,

The ranking of schools according to the asso-
ciated expected returns to education does not
change significantly. Graduates of “pedagog-
ics”, “foreign languages” (women), “medical
school etc.”, “law school”, “physical sciences”
and the two categories of technical university
graduates, i.e. “structural engineering” and
“mechanical engineering and IT”, show the
highest returns, while the lowest returns are
found in the groups of graduates of “horticul-
ture and forestry” and “social sciences” (men).
The returns for both Master’s degree and doc-
torate holders appear to be even higher, while
once again annual returns are remarkably
higher for Master’s degree holders than for
doctorate holders (despite the highest earnings
of the latter).

5 CONCLUSIONS

The present study contains several findings
regarding particular groups of tertiary educa-
tion graduates. Some of these findings are con-
sistent with the results of previous studies,
while others appear for the first time in the lit-
erature. The relationship between labour
remuneration and education level is unques-
tionably positive. The wages of tertiary edu-
cation graduates are considerably higher than
those of graduates of lower levels of the edu-
cation system at a comparable point of their
career (years since graduation). However,
some very important differences are detected
within various groups of graduates. Despite the



limitations of the analysis stemming from the
nature of the data used in this study (grouped
wage data, samples with a small number of
observations with unsatisfactory dispersion in
terms of work experience for specific groups of
graduates, high and differing rates of self-
employment in various groups of specialties,
etc.), certain conclusions can safely be
reached. University graduates of medical and
engineering faculties, as well as Master’s
degree and doctorate holders enjoy high hourly
earnings, although this does not always entail
higher internal rates of return compared with
other specialties.

The fact that tertiary education graduates
obtain higher wages does not necessarily imply
that these individuals have become more pro-
ductive because of their studies. It could sim-
ply mean that they are more capable of using
their tertiary education qualifications as a ‘sig-
nalling’ mechanism vis-a-vis employers (an
aspect not examined in the present study).
Moreover, the returns to education examined
in the present study are private returns. High
private returns are not necessarily associated
with high social returns, which would be indis-
pensable in order to support the view that
investment in tertiary education is profitable
for society; even more so since no safe pre-
diction can be made as to whether high private
returns will carry on in the future as such, given

that skilled and specialised labour supply in
Greece is expected to increase significantly due
to the observed rapid expansion of “mass” ter-
tiary education attendance over the last ten
years.

According to a recent study by Georganta,
Kandilorou and Livada (2008), 58% of the sec-
ond-year students in two specific AEI (Athens
University of Economics and Business and
University of Macedonia) reported that they
had decided to pursue tertiary education stud-
ies in order to later find a better-paid job more
easily. The findings of Mitrakos, Tsakloglou
and Cholezas (2010) show that, indeed, grad-
uation from a tertiary education institution
shields against unemployment, at least in the
long run. The findings of the present study also
verify that tertiary education studies ensure a
better-paid job and, consequently, satisfactory
returns in the long run, especially in the
schools and levels that seem to be most popu-
lar among applicants. In conclusion, according
to the results of the analysis, Greek young peo-
ple seem to be making totally rational choices
as regards their education. However, a ques-
tion that remains to be answered is whether it
is equally rational for the Greek state to keep
expanding tertiary education, by either estab-
lishing new AEI and TEI or creating new
schools and departments in the existing insti-
tutions.

- .
Economic Bulletin
September 2010 29



APPENDIX I
DETAILED ECONOMETRIC RESULTS

Estimation coefficients of the hourly wages logarithm

Dependent variable: logarithm of hourly wages at constant prices

Coefficient
Independent variables Men Women
Primary -0.1479 *** -0.0244
Lower secondary -0.1132 *** 0.0031
General lyceum Reference group
Technical lyceum -0.0564 * -0.0583
Post-gymnasium technical school -0.0785 ** 0.0105
1IEK -0.0151 0.0128
Other post-lyceum education 0.2558 *** 0.1447
Structural, Mechanical & Computer Engineering (TEI) 0.1509 *** 0.0206
Agricultural & Food Technology (TEI) 0.1313 * -0.0461
Economics & Management (TEI) 0.0637 0.1292 ***
Medical Sciences (TEI) 0.0970 0.0558
Other TEI 0.3035 *** 0.1896
Structural Engineering 0.3433 *** 0.3644 ***
Mechanical Engineering & IT 0.2865 *** 0.2798 ***
Physical Sciences 0.2616 *** 0.1163
Mathematics & Statistics 0.2064 0.2650
Medical School etc. 0.3479 *** 0.4009 ***
Horticulture & Forestry 0.1426 * 0.3369 ***
Law School -0.1755 -0.0852
Economics & Management 0.1599 *** 0.1690 ***
Social Sciences 0.1680 0.1571 **
Humanities 0.0508 0.2819 ***
Languages 0.3442 0.3719 *#**
Physical Education & Sports 0.0663 0.0578
Pedagogics 0.2768 0.3613 ***
Other AEI 0.4547 * 0.3065 ***
Postgraduate degree 0.4283 *** 0.4895 =
Doctorate 0.6638 *** 0.5691 ***

% Statistically significant at the 1% level.
**  Statistically significant at the 5% level.
Statistically significant at the 10% level.

s
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Estimation coeffi

Dependent variable: logarithm of hourly wages at constant prices

Independent variables

Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation
Years after graduation

Years after graduation

* Primary

* Lower secondary

* General lyceum

* Technical lyceum

* Post-gymnasium technical school
* IEK

* Other post-lyceum education

* Structural, Mechanical & Computer Engineering (TEI)
* Agricultural & Food Technology (TEI)
* Economics & Management (TEI)
* Medical Sciences (TEI)

* Other TEI

* Structural Engineering

* Mechanical Engineering & IT

* Physical Sciences

* Mathematics & Statistics

* Medical School etc.

* Horticulture & Forestry

* Law School

* Economics & Management

* Social Sciences

* Humanities

* Languages

* Physical Education & Sports

* Pedagogics

* Other AEI

* Postgraduate degree

* Doctorate

**#* Statistically significant at the 1% level.

sk

Statistically significant at the 5% level.

*  Statistically significant at the 10% level.

ients of the hourly wages logarithm (continued)

Coefficient

Men
0.0019
0.0042

Reference group

0.0037
0.0081 **
0.0078 **
-0.0034
0.0044
-0.0045
0.0168
0.0040
-0.0462 **
-0.0128
0.0086
0.0047
-0.0003
0.0062
0.0076
0.0489 **
0.0107 **
-0.0098
0.0249 ***
0.0062
0.0169 *
-0.0203
-0.0224
0.0008

-0.0039

Women
-0.0087 *

-0.0083 *

-0.0030
-0.0024
0.0079 **
0.0106
0.0246 *
0.0250
0.0004
0.0132 **
0.0112
-0.0009
0.0182
0.0305 ***
-0.0020
-0.0055
-0.0224
0.0541 ***
0.0132 **
0.0084
0.0065
-0.0027
0.0314 **
-0.0051
0.0058
0.0012

0.0042
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Estimation coefficients of the hourly wages logarithm (continued)

Dependent variable: logarithm of hourly wages at constant prices

Independent variables

Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100

Years after graduation sqrd./100

Years after graduation sqrd./100 * Structural, Mechanical & Computer Engineering

Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation sqrd./100
Years after graduation

Years after graduation sqrd./100

x

X

X

X

x

x

x

Primary

Lower secondary

General lyceum

Technical lyceum
Post-gymnasium technical school
IEK

Other post-lyceum education

(TEI)

* Agricultural & Food Technology (TEI)

x

x

X

X

x

x

x

x

X

X

X

x

x

x

X

X

x

x

x

Economics & Management (TEI)
Medical Sciences (TEI)
Other TEI

Structural Engineering
Mechanical Engineering & IT
Physical Sciences
Mathematics & Statistics
Medical School etc.
Horticulture & Forestry

Law School

Economics & Management
Social Sciences

Humanities

Languages

Physical Education & Sports
Pedagogics

Other AEI

Postgraduate degree

Doctorate

**% Statistically significant at the 1% level.
**  Statistically significant at the 5% level.
* Statistically significant at the 10% level.
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Coefficient
Men
-0.0022
-0.0091
Reference group
-0.0090
-0.0145 *
-0.0147

0.0049
-0.0164

0.0062
-0.0600 *
-0.0009

0.1423 **

0.0290
-0.0224
-0.0075

0.0067
-0.0174
-0.0184
-0.1010 **
-0.0182

0.0443
-0.0577 ***
-0.0031
-0.0323

0.1337

0.0572

0.0044
-0.0101

0.0216 ***

-0.0287 ***

Women
0.0094

0.0102

0.0164
0.0141
-0.0164

-0.0407

-0.0719

-0.0885
0.0121
-0.0368
-0.0642
0.0011
-0.0974
-0.0686
0.0291
0.0094
0.0705
-0.1318
-0.0315
-0.0004
-0.0041
0.0047
-0.0803
0.0429
-0.0515
-0.0013
-0.0201
0.0155

-0.0184

%

Y

*k

Ty

*

ke sk

*k

ok

ok

ks



Estimation coefficients of the hourly wages logarithm (continued)

Dependent variable: logarithm of hourly wages at constant prices

Coefficient
Independent variables Men Women
Greek nationals Reference group
Other EU nationals -0.0172 -0.0057
Third country nationals -0.1392 = -0.1189 ***
Eastern Macedonia — Thrace -0.0963 *** -0.0626 ***
Central Macedonia -0.1024 -0.0995 ***
Western Macedonia -0.0514 *** -0.0169
Epirus -0.0151 -0.0092
Thessaly -0.0672 *** -0.0259
Tonian Islands -0.0687 *** -0.0355
Western Greece -0.0146 0.0005
Central Greece and Euboea -0.0095 -0.0195
Attica Reference group
Peloponnese -0.0560 *** -0.0369 **
North Aegean 0.0353 ** 0.0105
South Aegean 0.0346 *** 0.0709 ***
Crete -0.0045 0.0055
Capital region — Attica Reference group
City complex — Thessaloniki 0.0728 *** 0.0950 ***
Other urban areas 0.0022 -0.0031
Semi-urban areas -0.0259 *** -0.0197
Rural areas -0.0371 *** -0.0457
First year of survey (2004) -0.0073 -0.0009
Second year of survey (2005) -0.0296 *** -0.0039
Third year of survey (2006) -0.0278 *** -0.0146
Fourth year of survey (2007) Reference group
1st quarter -0.0115 * -0.0175 **
2nd quarter -0.0261 *** -0.0259
3rd quarter Reference group
4th quarter 0.0105 0.0225 **

*** Statistically significant at the 1% level.
**  Statistically significant at the 5% level.
*  Statistically significant at the 10% level.
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Estimation coefficients of the hourly wages logarithm (continued)

Dependent variable: logarithm of hourly wages at constant prices

Coefficient

Independent variables Men Women

Agriculture, animal husbandry, hunting and forestry -0.1414 -0.1221 ***
Fishing -0.0245 0.1955 ***
Mining and quarrying 0.2171 *** 0.1737
Manufacturing 0.0556 *** 0.0642 ***
Electricity, gas and water supply 0.1787 *** 0.1399 ***
Construction 0.0962 *** 0.1376 ***

Wholesale and retail trade, repair of motor vehicles, motorcycles and personal
Reference group

and household goods

Hotels and restaurants 0.0051 0.0193
Transport, storage and communication 0.0864 *** 0.0894 ***
Financial intermediation 0.1359 *** 0.1542 =
Real estate, renting and business activities 0.0234 * 0.0663 ***
Public administration and defence, compulsory social security 0.1072 *** 0.1236 ***
Education 0.3150 *** 0.2901 ***
Health and social work 0.0612 *** 0.1124 ==
Other community, social and personal service activities 0.0637 *** 0.0500 ***
Private households with employed persons -0.1571 *** -0.1698 ***
Extra-territorial organisations and bodies 0.3139 *** 0.3588 *
Local business unit with 10 persons or less Reference group

Local business unit with more than 10 persons 0.0807 *** 0.0794 ***
Single Reference group

Married 0.0313 *** 0.0165 **
Private sector Reference group

Public sector 0.0757 *** 0.0689 ***
Public sector x Years after graduation 0.0025 0.0092 ***
Public sector x Years after graduation sqrd./100 -0.0004 -0.0161 ***
Constant term 1.2514 *** 1.1754 ***
Number of observations 29,256 20,826
R-squared 0.4432 0.4658

*** Statistically significant at the 1% level.
**  Statistically significant at the 5% level.
*  Statistically significant at the 10% level.
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APPENDIX 11

METHODOLOGY APPLIED TO THE CALCULATION
OF PRIVATE MARGINAL RETURNS TO EDUCATION

The marginal private rates of return to edu-
cation appearing in Table 5 were estimated
using the discount rate of the equation describ-
ing internal return to investment. For example,
to calculate the private marginal internal rate
of return to graduation from the schools of
economics and management (AEI) for men
and women (6.4% and 6.6% respectively) we
used the data of Tables A and B on the basis
of the following formula:

o E(wg,) > E(wy,)
g‘(nr)’ 1+

where E(wg,) and E(wy,) are, respectively,
the expected hourly wage rates of lyceum grad-
uates and graduates of AEI schools of eco-
nomics and management in year ¢, i.e.:

[E(wg,)=ws(1-ug) and

E(WTt) = th(l_ﬁTt)]

where ug, and u,, are the estimated unem-
ployment rates of lyceum graduates and grad-
uates of AEI schools of economics and man-
agement in year t;

wsr and ﬂ/n are the respective estimated
unemployment rates for lyceum graduates and
graduates of the AEI schools of economics and
management in year

and ris the discount rate.

Techniques for calculating the discount rate
that equates the net present value of the
expected hourly wage rates of lyceum gradu-
ates with those of graduates of the AEI schools
of economics and management are readily
available even in relatively simple statistical
packages, such as Excel.
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Table A Estimated unemployment rates (-Us), estimated hourly wages (-Ws) and expected
hourly wages (E(Ws)) of male lyceum graduates and graduates of AEl Economics & Manage-

ment schools

Lyceum graduate Graduate of AEI Ec ics &M t schools
Years after Years after
t graduation 1A Wy E(Ws)  graduation @/T WT E(Wy)
0 0 6.65 3.60 3.36 - - - -
1 1 6.26 3.68 3.45 - - - -
2 2 5.89 3.75 3.53 - - - -
3 3 5.54 3.83 3.62 - - - -
4 4 5.21 3.90 3.70 0 10.87 4.22 3.76
5 5 491 3.98 3.78 1 9.20 4.36 3.96
6 6 4.62 4.05 3.87 2 7.79 4.49 4.14
7 7 435 4.13 3.95 3 6.60 4.63 432
8 8 4.10 4.20 4.03 4 5.60 4.77 4.50
9 9 3.86 4.27 4.10 5 4.77 4.90 4.67
10 10 3.64 4.34 4.18 6 4.07 5.04 4.83
11 11 3.43 4.41 4.25 7 3.49 5.17 4.99
12 12 3.24 4.47 4.33 8 3.00 5.30 5.14
13 13 3.05 4.54 4.40 9 2.59 5.43 5.29
14 14 2.88 4.60 4.47 10 2.26 5.56 5.43
15 15 2.72 4.66 4.53 11 1.98 5.69 5.57
16 16 2.57 4.72 4.60 12 1.74 5.81 5.71
17 17 243 4.78 4.66 13 1.55 5.93 5.84
18 18 2.30 4.83 4.72 14 1.39 6.05 5.96
19 19 2.17 4.89 4.78 15 1.26 6.16 6.08
20 20 2.06 4.94 4.84 16 1.15 6.27 6.20
21 21 1.95 4.99 4.89 17 1.05 6.38 6.31
22 22 1.85 5.03 4.94 18 0.98 6.48 6.41
23 23 1.75 5.07 4.99 19 0.92 6.57 6.51
24 24 1.66 5.12 5.03 20 0.87 6.67 6.61
25 25 1.58 5.15 5.07 21 0.84 6.75 6.70
26 26 1.50 5.19 5.11 22 0.81 6.84 6.78
27 27 1.43 522 5.15 23 0.79 6.91 6.86
28 28 1.36 5.25 5.18 24 0.79 6.98 6.93
29 29 1.29 5.28 5.21 25 0.79 7.05 6.99
30 30 1.23 5.31 5.24 26 0.79 7.11 7.05
31 31 1.18 5.33 5.26 27 0.81 7.16 7.10
32 32 1.13 5.35 5.29 28 0.84 7.21 7.14
33 33 1.08 5.36 5.30 29 0.88 7.24 7.18
34 34 1.03 5.37 5.32 30 0.93 7.28 7.21
35 35 0.99 5.38 5.33 31 0.99 7.30 7.23
36 - - - - 32 1.06 7.32 7.25
37 - - - - 33 1.16 7.34 7.25
38 - - - - 34 1.27 7.34 7.25
39 - - - - 35 1.40 7.34 7.24
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Table B Estimated unemployment rates (-Us), estimated hourly wages (-Ws) and expected
hourly wages (E(Ws)) of female lyceum graduates and graduates of AEl Economics & Manage-

ment schools

Lyceum graduate Graduate of AEI Economics & Management schools
Years after Years after
t graduation 1A Wy E(Ws)  graduation i/T WT E(Wy)
0 0 12.19 3.41 3.00 - - - -
1 1 11.98 3.47 3.05 - - - -
2 2 11.75 3.52 3.10 - - - -
3 3 11.52 3.57 3.16 - - - -
4 4 11.28 3.62 3.21 0 18.26 4.04 3.30
5 5 11.03 3.67 327 1 16.57 4.16 3.47
6 6 10.78 3.72 3.32 2 15.04 4.27 3.63
7 7 10.52 3.77 3.37 3 13.65 4.39 3.79
8 8 10.26 3.82 3.43 4 12.38 4.50 3.94
9 9 9.99 3.87 3.48 5 11.24 4.61 4.09
10 10 9.72 3.91 3.53 6 10.21 4.72 4.23
11 11 9.45 3.96 3.58 7 9.29 4.82 4.37
12 12 9.18 4.00 3.64 8 8.46 4.93 451
13 13 8.90 4.05 3.69 9 7.71 5.03 4.64
14 14 8.62 4.09 3.74 10 7.04 5.12 4.76
15 15 8.34 4.13 3.79 11 6.44 5.22 4.88
16 16 8.06 4.17 3.84 12 5.91 5.31 5.00
17 17 7.78 421 3.89 13 5.43 5.40 5.10
18 18 7.50 4.25 3.93 14 5.01 5.48 5.20
19 19 7.22 4.29 3.98 15 4.63 5.56 5.30
20 20 6.94 4.32 4.02 16 4.29 5.63 5.39
21 21 6.66 4.36 4.07 17 3.99 5.70 5.47
22 22 6.38 4.39 4.11 18 3.72 5.77 5.55
23 23 6.11 4.42 4.15 19 3.48 5.82 5.62
24 24 5.84 4.45 4.19 20 3.27 5.88 5.69
25 25 5.58 4.48 4.23 21 3.08 5.93 5.75
26 26 5.32 4.51 4.27 22 2.92 5.97 5.80
27 27 5.06 4.54 4.31 23 2.77 6.01 5.84
28 28 4.81 4.56 4.34 24 2.65 6.04 5.88
29 29 4.56 4.58 4.37 25 2.54 6.07 5.91
30 30 4.32 4.61 4.41 26 2.44 6.09 5.94
31 31 4.08 4.62 4.44 27 2.36 6.10 5.96
32 32 3.86 4.64 4.46 28 2.29 6.11 5.97
33 33 3.63 4.66 4.49 29 2.24 6.11 5.97
34 34 3.42 4.67 4.51 30 2.19 6.10 5.97
35 35 321 4.69 4.54 31 2.16 6.09 5.96
36 - - - - 32 2.13 6.08 5.95
37 - - - - 33 2.12 6.05 5.93
38 - - - - 34 2.12 6.03 5.90
39 - - - - 35 2.13 5.99 5.86
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DETERMINANTS OF THE RECEIPTS FROM
SHIPPING SERVICES: THE CASE OF GREECE*

Lacharias Bragoudakis
Economic Research Department

Stelios Panagiotou
Economic Research Department

I INTRODUCTION

Since the 1950s, the areas of international eco-
nomics that have attracted significant empiri-
cal research include the foreign trade flows and
the testing of trade theories which focus on the
following questions:

(i) What goods do countries trade?
(ii) With whom do countries trade?
(iii) How much do countries trade?

In order to investigate these issues, Mac-
Dougall (1951, 1952) used the comparative
labour cost of the Ricardo model, while Leon-
tief (1954) that of the Hecksher-Ohlin model.
Deardorff (1984) discussed the empirical test-
ing of the trade theories and Goldstein and
Khan (1985) estimated the income and price
elasticities of trade flows and the policy impli-
cations of their findings. Their work focused
exclusively on merchandise trade and its
determinants.

However, as trade in services between devel-
oped countries started to take off and a first ini-
tiative for the liberalisation of services trade
was undertaken by the USA,! academic litera-
ture turned to the determinants of trade in serv-
ices. Kravis (1983) discussed the contribution
and implications of services as much for the
domestic economy as for international trans-
actions. He concluded that services represent
a relative growth factor for the domestic
economies and that trade in both commodities
and services had rapidly expanded over his
research period (1960-1979).

It is evident though that, as an increasing pro-
portion of the world’s GDP is generated by

services, their importance for international
trade has increased as well. According to
Karsenty (2000) almost a third of world trade
is generated by services. One of the first
attempts at modelling US trade in services
was undertaken by Helkie and Stekler (1987).
Hung and Viana (1995) employed the two-
step approach suggested by Granger and
Engle (1987) —cointegration and Error Cor-
rection Model (ECM)— in modelling US
services trade flows. Their research though
focused on tourism, other private services,
royalty and license fees, and excluded mili-
tary and transportation services. More
recent work was undertaken by the University
of Michigan (November 2000) in relation to
the quarterly forecast of the US Trade in
Services, which extended the model to also
include transportation services in the services
trade flow (see Hyman, Deardorft and Stern,
2000).

For Greece, an important component of trade
in services is shipping. Therefore, in the pres-
ent study we focus on the determininants of
shipping receipts in the Greek economy by the
use of an ECM. Our results reveal that both
freight rates and the stock of credit granted by
the Greek banking system to the shipping sec-
tor are statistically significant determinants of
the shipping receipts recorded in the balance
of payments. We also evaluate the forecasting
ability of the estimated ECM in the short term.
We compare its forecasting ability with that of
alternative models (autoregressive models of

* The authors would like to thank Helen Thanopoulou, George
Zombanakis and Heather Gibson for their constructive comments.
The views expressed in this article do not necessarily reflect those
of the Bank of Greece. A draft version of the paper was presented
in July 2007 at the Annual Conference of the International
Association of Maritime Economists in Athens.

1 In the early 1980s the Reagan Administration undertook a
diplomatic initiative for removing the obstacles of services trading.
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first and third order, and random walk), and
we conclude that the selected ECM specifica-
tion outperforms the alternative forecasting
models.

The remainder of the paper is organised as fol-
lows: the following section reviews empirical
work on the determinants of shipping receipts
in the national economy. Section 3 discusses
the methodology and the data used, and Sec-
tion 4 presents the empirical evidence. Finally,
Section 5 concludes.

2 LITERATURE REVIEW

To the best of our knowledge, the first attempt
to determine and forecast foreign exchange
inflows from shipping in the Greek economy by
using regression analysis was made by Con-
stantopoulou (1976), for the requirements of
the 5-year development programme of the time
(1976-1980). Her methodology is based on cal-
culating the income of the “factors of shipping
services production” (labour and capital) and
their impact on the foreign exchange inflows
from shipping. In that period, the respective
shipping inflows in the balance of payments
statistics were recorded under the following
items:?

1. Freight — mainly related to imports/exports
of goods to/from the country.

2. Seamen’s remittances.
3. Shipowners’ remittances.
4. Ship store and repairs etc.

5. Contribution to the Seamen’s Pension Fund
(NAT).

6. Shipowners’ taxation.
7. Passenger tickets.

Although disaggregated data based on the
above seven categories were available, Con-
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stantopoulou decides to use aggregated data
for the shipping foreign exchange inflows, due
to her worries about the credibility of the dis-
aggregated ones. Following a regression
analysis (based on a variety of equations) per-
formed on annual data (1960-1974) she con-
cludes that foreign exchange inflows associ-
ated with shipping depend on seamen’s
income and on the Greek-flagged fleet rev-
enues.

Tambakis (1984) performs a similar regression
analysis focusing on disaggregated items of for-
eign exchange inflows from shipping (see
above), as well as on aggregate inflows. He
concludes that total inflows from shipping
depend primarily on world seaborne trade
(representing the demand for shipping serv-
ices) and on the size of the Greek fleet, i.e. the
number of ships carrying a Greek flag (repre-
senting the Greek supply of shipping services).
As Goulielmos (1997) points out, the statisti-
cal significance of these two variables could
also indicate the importance of freight rates,
which are determined by world supply of and
demand for shipping services.

Haralambides (1986) investigates the inter-
relation between foreign exchange inflows
from shipping and domestic macroeconomic
factors in comparison to internationally
related ones. His study is based both on aggre-
gate and disaggregate data, as that of Tam-
bakis (1984). He performs a series of single
equation regressions using, among other
things, total foreign exchange inflows from
shipping, shipowners’ remittances, seafarers’
remittances, as well as their first differences as
the dependant variable. Freight rates, the
Greek consumer price index and the US dol-
lar/drachma (USD/GDR) exchange rate
serve as independent variables. Haralambides
performs two sets of regression analysis. In the
first set, he tests the hypothesis of a correla-
tion between foreign exchange inflows and

2 Up to the end of 1998, the Bank of Greece followed the foreign
exchange currency approach in the compilation of the Balance of
Payments.



factors from shipping domestic determinants
—i.e. variables related to the Greek economy,
such as the exchange rate inflation. In the sec-
ond set of regressions he investigates the rela-
tionship between shipping inflows and the gen-
eral freight index compiled by the General
Council of British Shipping (GCBS). As he
attests, he does not employ the most advanced
econometric techniques available then, as the
cost of time would not have been compensated
by a significant increase in the robustness of
the results (due to the small sample and the
short time series available).

Based on the econometric results of his
research, the main conclusions can be sum-
marised as follows:

® The breakdown of revenues from shipping
services, used then by the Bank of Greece,
was erroneous and could lead to misleading
conclusions.

® Inflows to Greece from seafarers were ine-
leastic with respect to freight rates, given
that they covered the daily expenditure of
their families as well as the fact that salaries
do not follow freight rates, as they are
agreed in advance.

® Foreign exchange inflows from shipping are
predominantly related to domestic macro-
economic conditions rather than external
ones, such as freight rates or export demand.
He found that the basic macroeconomic
parameters that influenced inflows were the
inflation rate and the USD/GRD exchange
rate, both factors under the control of the
monetary policy authorities.?

Haralambides finds that drachma devaluations
had a negative effect on USD-denominated
inflows; Goulielmos (1997) counters this view,
arguing that it is the relationship between
drachma devaluation and nominal drachma
wage increases of the seamen that matters.
Goulielmos concludes that in much of the
1980s, the USD-dominated wages of crews
either fell or exhibited minor increases. All

three previous studies — Constantopoulou
(1976), Haralambides (1986) and Tambakis
(1986) — share the same shortcoming in rela-
tion to the issues of unit roots and cointegra-
tion, since the seminal work of R.F. Engle and
C.W.J. Granger on cointegration was only pub-
lished in 1987.

Goulielmos (1993) discusses the impact of the
adoption of open registries (known also as
“flags of convenience”) by the Greek fleet on
the foreign exchange inflows from shipping in
the period 1981-1991. His research focuses on
the relationship between crew cost and foreign
exchange inflows. Specifically, in the above-
mentioned period, the decline in foreign
exchange inflows can be principally attributed
to the non-utilisation of vessels (laid-up ton-
nage), and subsequently to the unemployment
of seamen, and secondly to the adoption of flags
of convenience and its impact on employment.

The laid-up tonnage, the loss of employment
for Greek seamen and the adoption of flags of
convenience by national vessels have been
identified by Goulielmos (1996) as the main
factors that contributed to lower foreign
exchange inflows from shipping in the period
of the 1981-1987 crisis. In the 1970s, the main
factors determining the remittance of shipping-
related earnings to the Greek economy were:
state-related obligations (i.e. tonnage tax,
social insurance contributions) and operating
expenses (i.e. running costs of the shore-based
shipping operations, remittances to the sea-
men’s families, repair costs). His work is based
on micro-data from 715 Greek shipping com-
panies. He concludes that “laid-up tonnage
and reduced crew employment were mainly
responsible —to an amount up to 83% (42%
+ 41%) — for the reduction in inflows between
1980 and 1982-1984”.

Until 1998, the Bank of Greece followed the
foreign exchange currency approach to the

3 Haralambides (1996) — by the use of Input/Output Analysis
methodology — attempted to estimate the economic impact of
shipping on the national economy. Such analysis is beyond the

scope of this paper.
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compilation of the balance of payments. Since
1999, it uses the 5th edition of the IMF Bal-
ance of Payments Manual (IMF 1993), which
is based on the distinction between residents
and non-residents.* The above research effort
—aside from the methodological issue of unit
root testing it may suffer from— is under-
taken on annual data compiled according to
the old methodology. The current compilation
approach offers the advantage of selecting the
element of shipping service inflows / receipts
that is closely related to the international
shipping freight rates, as will be discussed in
Section 3. Another significant change is
related to the introduction of the euro, which
became the legal tender in Greece (since 2002
in physical form). Finally, as our interest
focuses on the short-term path of receipts
from shipping services, monthly data are used.

Thus, the present study attempts to investigate
the determinants of receipts from deep sea
shipping by utilising advanced econometric
methods that were not available at the time of
previous research. The data used has been
compiled according to the new methodology.
In addition, the ability of the model to forecast
is tested using the out-of-sample forecast per-
formance of the selected ECM, providing evi-
dence of its superiority compared to other time
series benchmark models.

3 DATA AND METHODOLOGY
3.1 DATA

According to the IMF Balance of Payments
Manual (BPM), the Balance of Payments
(BoP) is defined as:

“...a statistical statement that systematically
summarises, for a specific time period, the
economic transactions of an economy with
the rest of the world. Transactions, for the
most part between residents and non-resi-
dents, consist of those involving goods, serv-
ices, and income; those involving financial
claims on, and liabilities to, the rest of the
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world; and those (such as gifts) classified as
transfers, which involve offsetting entries to
balance —in an accounting sense— one-
sided transactions”.

The distinction between residents and non-
residents has an important role in the BoP.
The BPM states that an enterprise has a res-
ident status when it is engaged in a significant
amount of production of goods and/or serv-
ices in the domestic country. However, this
definition may cause a split between the legal
entity of a company and its resident status.
Namely, parts of the company (i.e. branches)
that are operating in a particular economy
are given the resident status of this economy
and therefore any transactions between the
resident (branch) and the non-resident (par-
ent company) would constitute a BoP trans-
action.

The operation of mobile equipment —as the
operations of vessels are referred to in the
Balance of Payments Textbook (1996)—
introduces more difficulties for the complier
of the BoP. The decision as to whether a serv-
ice provided by mobile equipment (such as
vessels) has resident status is made on the
basis of the resident status of the enterprise
operating such equipment (vessels). More-
over, in order to decide on the territory of the
operating enterprise, the focus should be on
issues such as the location of the company
directing enterprise operations. It can be
inferred then that the Greek-owned fleet fly-
ing a non-Greek flag can fall under the crite-
rion of the territory of the directing enterprise.
Thus, both the Greek-flag fleet and the non-
Greek-flag fleet can be regarded as resident
from a BoP point of view.

The Bank of Greece has gradually introduced,
since 1999, the implementation of the 5th edi-
tion of the BPM (1993) and the respective
Compilation Guide (1995) published by the
IMF. According to the BPM, each month’s

4 See also Box VIII.1 of the Bank of Greece Annual Report 1998,
and Pantelidis (1997).



receipts should be recorded in the monthly
BoP. The Bank of Greece collects data from
financial institutions based in Greece. The
services from shipping transportation comprise
the following categories:

1. Cross-trade transportation services.
2. Transportation of passengers.

3. Transportation of goods.

4. Other/auxiliary services.

Based on the data presented in Table 1, it is
evident that cross-trade represents the cate-
gory with the highest contribution to the ship-
ping transportation element of the BoP, rep-
resenting (on average) 97% of the total
amount of receipts from shipping transporta-
tion services over the period 2002-2009. By
definition, cross-trade services include those
services provided by Greek companies for the
transportation of goods between third coun-
tries. This is not at odds with what would be
expected. Although Greek-owned vessels
(usually managed by companies based in
Greece) represent roughly 15% of the world
fleet capacity (in dwt terms), the Greek econ-
omy does not possess the depth of domesti-
cally-produced exportable commodities to
employ a considerable share of the Greek
fleet.

As receipts from the provision of shipping serv-
ices for cross-trade account for the bulk of
shipping receipts, the estimated model focuses
on them. These receipts are expected to be
closely related to the internationally agreed
freight rates and reflect the operations of the
traditional Greek shipping companies.

The euro is a more liquid and tradable cur-
rency in international foreign exchange mar-
kets compared to the Greek drachma. In 2002,
euro coins and banknotes were put in circula-
tion in Greece. This fact may have prompted
Greek-based shipowners to carry out a higher
portion of their transactions through their local

(Greek) banking system, as the local currency
was then the euro. Thus, we have decided that
our sample period should begin in January
2002, and not earlier. Importantly, the sample
period includes also the financial turmoil of
2008, which had an enormous impact on the
shipping industry and freight rates. The non-
seasonally adjusted data are monthly time
series and the sample covers the period from
January 2002 to March 2010.

Receipts from the provision of shipping trans-
portation services in cross-trade are hypothe-
sised to depend on the international freight
rates, the size of the Greek-based maritime
cluster (i.e. ship management companies,
financial services and companies that provide
auxiliary services to shipping), and the carry-
ing capacity of the Greek-owned fleet.

In our analysis, the ClarkSea Index (expressed
in USD per day) is used as the index of inter-
national freight rates. It is a weighted average
freight index of all main commercial vessels.
Specifically, as described by Clarkson Research
Studies in ‘Sources and Methods for the Ship-
ping Intelligence Weekly’ (2009):

“The ClarkSea Index is the only published
weekly indicator of earnings for all the main
commercial vessel types. It is weighted
according to the number of vessels in each
fleet sector. Clarksons Research collects rates
direct from the Clarksons brokers on a daily
and weekly basis and these are used to cal-
culate the earnings taken into account to
make up the ClarkSea Index. The sectors in
the ClarkSea Index are oil tankers (VLCC,
Suezmax, Aframax and clean product carri-
ers), dry bulk carriers (Capesize, Panamax,
Handymax and Handysize), gas carriers
(VLGC) and fully cellular containerships”
(see www.clarksons.net).

As the size of the Greek-based shipping clus-
ter increases, shipowners tend to strengthen
their banking relations with Greek-based ship-
ping finance institutions. In addition, when
ship owners receive a loan from a bank to
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acquire a vessel, they are also required to open
an operating account for the financed vessel
at the same bank, and perform all the vessel’s
trading transactions (including freight
receipts) though this account. Therefore, the
amount of outstanding loans (in USD) can
play a dual role, as it can reveal, on the one
hand the expansion of the fleet, and on the
other the increase in the Greek-owned fleet.
As it is almost impossible to collect monthly
data on the size of the Greek maritime clus-
ter and the Greek-owned fleet, outstanding
balances of credit to shipping companies
granted by the domestic banking system
through branches in Greece can act as a proxy
for these variables. It should be noted though
that, based on the annual data provided by the
Greek Shipping Cooperation Committee, the
Greek-owned fleet has increased by approxi-
mately 3.2% per annum (or the equivalent of
0.26%) over the estimated period (2002:M1-
2010:M3).

Even today, the USD is the predominant cur-
rency in shipping transactions. In order to avoid
any distortion on our results due to fluctuations
of the exchange rate of the US dollar against the
euro, we decided to express all time series in
USD, using the average monthly rate of the US
dollar against the euro as published by the
European Central Bank (ECB).

3.2 ECONOMETRIC METHODOLOGY

The econometric methodology applied is
described by the following stages.

First, the time series properties of all the vari-
ables are evaluated employing the Augmented
Dickey-Fuller (1979) standard unit-root tests
(ADF). Specifically, we examine the rank of
integration I(d) for the logarithms of the
ClarkSea Index (ind), outstanding credit bal-
ances to the shipping companies (Is), and
receipts from the provision of shipping trans-
portation services in cross-trade (sr).

At the second stage, we use an error correction
framework in two steps as proposed by Engle

and Granger (1987) to investigate the existence
of a cointegration relationship between ind, Is
and sr.

In a first step, if sr, ind and Is are I(1) and
d, ~I(1), the series would be cointegrated of
order CI(1,1). This implies that if we wish to
estimate the long-run relationship, it is only
necessary to estimate the static model:

log(sr),= u+ €log(ind), + m log(ls), + d, (1)

which implies that in the long run the endoge-
nous variable of cross-trade shipping receipts
(sr) is determined by the exogenous variables,
the freight index (ind) and outstanding loans

(Is).

The term p is a constant; the parameters € and
m denote the long-run elasticities of ind and Is;
while dt are the long-run residuals. Estimating
(1) using OLS achieves a consistent estimate
of the long-run steady state relationship
between the variables, while all dynamics and
endogeneity issues can be ignored asymptoti-
cally. This arises because of what is termed the
super-consistency property of the OLS esti-
mator when the series are cointegrated (see
Harris, 1995). To test the null hypothesis that
shipping receipts and the exogenous variables
ind and Is are not cointegrated we directly test
whether d, ~I(1) against the alternative that
d, ~1(0) by carrying out ADF tests and using
the critical values provided by MacKinnon
(1991).

In a second step we estimate an ECM, itself
using the estimates of disequilibrium (d, ), to
obtain information on the speed of adjustment
to equilibrium. The ECM takes the following
form:
m
Alog(sr),= 60+§ o; Alog(sr),.;
Jil h
+ 28, Alog(ind),; +2x; Alog(ls),,

+ yd,; + Sdummies + €, 2)

where A denotes first differences in logarithms;
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d.,=log(sr), - { log(ind), ;- m log(ls),.,-u is the
disequilibrium or the error correction term,
tested to be stationary; and &, ~ N(0, 0?) are
the residues from the estimation of model
(2). If series srand ind are both I(1), the sta-
tionarity of d, is equivalent to sr and ind
being cointegrated with a cointegration vec-
tor x’= [1-C-m-p] with C, m and n being the
parameters of the long-run relationship. Sea-
sonal dummies (Sdummies) have been added
in order to capture any seasonal pattern in
shipping receipts. It should be noted that the
Hendry (1995) type of ‘general-to-specific’
procedure is used to reduce the short-run
ECM to its parsimonious form.

At the third stage, we present an evaluation
of forecast performance between the selected
parsimonious ECM and two benchmark time
series models, random walk (RW) and
autoregressive AR(k). A benchmark model is
usually helpful in forming an idea about the
relative forecasting performance of the dif-
ferent models. We use the Root Mean Square
Error (RMSE) of recursive dynamic out-of-
sample forecasts as the main criterion for the
assessment, which is widely used in the liter-
ature (see e.g. Anderson, Hoffman and
Rasche, 2002; Stock and Watson, 1999; Hoff-
man and Rasche, 1996; Clements and
Hendry, 1993). Additionally, three measures
of predictive accuracy —Mean Absolute
Error (MAE), Mean Absolute Percentage
Error (MAPE) and Theil’s inequality coeffi-

cient’— are employed to evaluate the pre-
dictive performance of the ECM compared to
the benchmark time series models. We use a
rolling period of 3 months ahead to assess the
forecast performance, i.e. the first out-of-
sample exercise starts in 2009:M1 on the basis
of the total sample 2002:M1 to 2010:M3. The
sample is then extended sequentially by one
month up to 2010:M3. The out-of-sample
exercise covers a period of 15 months. Each
time, the models are re-estimated and a set
of dynamic forecasts is computed for up to 3
months ahead.

4 EMPIRICAL RESULTS

The hypothesis of a unit root in the loga-
rithmic levels of ind, sr and Is cannot be
rejected. In contrast, the hypothesis of a unit
root in the first differences is rejected in all
cases, in favour of the alternative of sta-
tionarity. These results suggest that all series
are I(1) (see Table 2). The residuals of the
long-run relationship (1) are also stationary
in levels d, ~I(0), and so we can conclude
that the two series are cointegrated of order
CI(1,1).

5 The MAPE and the Theil’s inequality coefficient are scale
invariant. The RMSE and the MAE depend on the scale of the
dependent variable and should be used as relative measures to
compare forecasts for the shipping receipts across ECM, AR(k) and
RW.

Table 2 Augmented Dickey-Fuller Test Results

ADF Statistics log(rs) Alog(rs)
Intercept -2(_13()) - 4312’;
Trend and Intercept '2(};; - 4(7_4;’;
None 1(_(;5) - 4(452“;

* Denotes rejection of the null hypothesis at the 5% significance level.

log(ind)

Long -run

Alog(ind) log(ls) Alog(ls) Residuals (d)

-2.50 -6.75% -1.31 -8.57* -7.06*
-1 (0) (0) () )

-2.33 - 6.82% -0.62 -8.71* -7.02*
-1 (0) 0) (0) (0)

0.23 -6.77* 6.32 -2.14* -7.10*
-1 (0) 0) (-3) (0)

Note: The numbers in the parentheses are the selected lag length for no serial correlation of the ADF residuals based on Swartz information

criterion.
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The estimated long-run equation of shipping
inflows is:

log(sr)=-2.95 + 0,44*log(ind) + 0,64*log(ls)

(-12,0) (21,32) (31,21)
R?-adj.= 0,95 3)
From the estimated long-term equation (3) it
is obvious that both variables (freight index and
outstanding loans) are statistically significant in
explaining shipping receipts and (as was
expected) they have a positive sign. The esti-
mated cointegrating vector reveals a partial
pass-through from the ClarkSea index to ship-
ping receipts in the long-run, with the long-run
parameter € estimated to be 0.44, which means
that if the index increases by 10% in any month,
shipping receipts will tend to rise by 4.4% only.
This can be explained by the international
nature of Greek shipping operations. Freight
revenues can be deposited to bank accounts in
major shipping centres such as London, New
York and Piraeus. As a result, only part of the
increased revenues passes into the Greek bank-
ing system and therefore to the data compiled
by the Bank of Greece. Finally, when banks are
granting loans to shipping companies, they also
request the opening of a retention account
which will be used for the loan repayment.
Therefore, to the extent that Greek shipping
companies are financed by non-Greek banks,
freight revenues will be sourced in the inter-
national (non-Greek) banking system. In addi-
tion, the composition of the Greek fleet
(focused predominantly on dry bulk and tanker
vessels) is not necessarily the same as the com-
position of the world fleet. There could there-
fore be a mismatch between the weighting on
the ClarkSea index and the composition of the
Greek-controlled fleet.

In the case of outstanding loans to shipping,
the pass-through rate is estimated at 0.64,
implying that a 10% increase in outstanding
loans leads to 6.4% higher shipping inflows.
The importance of outstanding loans —as was
previously explained — is twofold. It represents
the increase of the Greek-owned fleet, as well
as the strengthening of the maritime cluster,

since ship owners that receive a loan from a
bank are also required to open an operational
account for the financed vessel at the same
bank, and to perform all the vessel’s trading
transactions (including freight receipts)
though this account.

The parsimonious estimated ECM is the fol-
lowing:

dlog(sr)=0,05-0,32*dlog(sr),.,-0,13*dlog(sr),.,
(4,10)(-3.39) (-1,74)

+ 0,17*dlog(ind),; + 0,59*dlog(ls),
(231) (1,73)

- 0,18*DV038 - 0,24*DV0510 - 0,55*d,,
(-2.51) (-3.34) (-5.06)

R2-adj. = 0,60 F-statistic = 12,07 (4)

Table 3 summarises the estimated parameters
of equation (4).

Table 3 Results from the Error Correction
Model

Shipping receipts (rs)

[m,n,h] [2,1,0]

0.05*
3 (4.10)
-0.32*

% (-3.39)

-0.13**

%2 (-1.74)

0.17*
By 231

0.59**
J (1.73)

-0.55*
i (-5.06)

* Denotes rejection of the null hypothesis at the 5% significance
level.

** Denotes rejection of the null hypothesis at the 10% significance
level.

Note: [m, n, h] are the maximum lags based on the Akaike (1973) and
Schwarz (1978) information criteria.

The numbers in parentheses are t- statistics.

6 In Bragoudakis, Panagiotou and Thanopoulou (2010) an attempt
is made to estimate a Greek Shipping freight index.
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Table 4 Diagnostic Tests of ECM

R?- adj. 0.60
LM(1) [p-value] 0.82
LM(6) [p-value] 0.24
LM(12) [p-value] 0.68
ARCH(1) [p-value] 0.85
ARCH(2) [p-value] 0.78
Jarque-Bera [p-value] 0.35

In Table 4, the diagnostic tests of equation (4)
are presented:

The estimated equation (4) shows good fitness
and passes all diagnostic x> tests for the
hypotheses that there is no serial correlation
and autoregressive conditional heteroscedas-
ticity and that the residuals follow the normal
distribution. Furthermore, two impulse dum-
mies that improve the fitness of the model
—DVO038 (August 2003) and DV0510 (Octo-
ber 2005) — were included.

One remaining problem concerns the stability
of the estimated parameters of model (4) due
to the relatively small sample. The CUSUM
and CUSUM Square test was applied to the
whole sample 2002:M2 to 2010:M3.

As Chart 1 shows, the null hypothesis of the
parameter stability over the sample period
cannot be rejected at the 5% significance
level.

In the short run, the ClarkSea index with one-
month time lag affects the inflow of receipts
from shipping. The parameter f3,=0.17
—which represents the short-dynamic effect of
the ClarkSea index on shipping receipts —
measures the impact of the one-month lagged
value of the freight index on the shipping
inflows and generates an elasticity of 1.7%.
Effectively, the modalities of freight collection
imply that any payments will be recorded in
the Greek BoP on average about a month
later,” which is in accordance with the shipping
practice.
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Chart | CUSUM and CUSUMSQ test of the

error correction model coefficients

a. CUSUM

(cumulative sum of residuals)

— CUSUM
-------- 5% significance level
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(cumulative sum of the square of the residuals)
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Note: When the departures of the cumulative sum of residuals
(CUSUM) and of the cumulative sum of the square of the
residuals (CUSUMSQ) from their expected values lie within
the upper and lower limits, this means that the null hypothesis
that the coefficients remain constant at a 5% significance level
can be accepted.

Parameter y=-0.55 (adjustment coefficient)
reveals the speed of adjustment to the equilib-
rium steady state and implies a relatively quick
return to the long-run level. Finally, the nega-
tive coefficients o, =-0.32 and a2=-0.13 of ship-

7 As confirmed by ship-broking sources (see Bragoudakis,
Panagiotou and Thanopoulou, 2010).



Table 5 Recursive dynamic (3 months ahead) out-of-sample results

Models ECM
Forecast period RMSE
2009M1-2009M3 0.119
2009M2-2009M4 0.089
2009M3-2009M5 0.103
2009M4-2009M6 0.041
2009M5-2009M7 0.041
2009M6-2009M8 0.037
2009M7-2009M9 0.062
2009M8-2009M10 0.069
2009M9-2009M11 0.078
2009M10-2009M12 0.054
2009M11-2010M1 0.06
2009M12-2010M2 0.075
2010M1-2010M3 0.122
Average 0.073

ECM: Error Correction Model

AR(3): Autoregressive model of order 3
AR(1): Autoregressive model of order 1
RW:  Random walk model

RMSE: Root mean square error

ping inflows with one- and two-month time lags
respectively, indicate the corrective actions that
companies may undertake in order to balance
their overshooting behaviour. When inflows
(revenues) for freight in one month are quite
high, Greek-based shipping companies decide
to reduce (in the following months) the freight
revenues that charters remit to their accounts.
Freight revenues are used, predominately, for
bank loan servicing (interest and capital pay-
ments) and to cover ship management compa-
nies’ operating expenses. This is an indication
that each shipping company has a “target”
account balance that it prefers to maintain, and
any deviations are corrected.

The results of the recursive dynamic (3-months
ahead) out-of-sample exercise based on
equation (4) are presented in Table 5, and in
more detail in the Appendix. The findings sup-
port the conclusion that the parsimonious esti-
mated ECM outperforms the AR(3), AR(1)

ARQ3) AR(1) RW
RMSE RMSE RMSE
0.076 0.105 0.159
0.067 0.08 0.08
0.083 0.05 0.112
0.109 0.062 0.165
0.093 0.07 0.155
0.079 0.064 0.138
0.052 0.083 0.092
0.038 0.058 0.103
0.048 0.071 0.101
0.094 0.127 0.154
0.108 0.15 0.207
0.082 0.115 0.204
0.055 0.111 0.192
0.076 0.088 0.143

and random walk (RW) models. The average
RMSE over the forecasting period 2009:M1-
2010:M3 is lower for the ECM compared to the
various benchmark time series models, thus the
ECM produces more accurate estimations.

These findings are further supported by the
results with respect to the MAE, MAPE and
Theil’s inequality coefficient statistics, as pre-
sented in the Appendix.® To conclude, the fore-
casting ability test of the proposed ECM pro-
vides evidence that this could be a useful tool
for short-term projections of shipping receipts
in the Greek economy. In addition, the dis-
cussed ECM — due to its structural specifica-
tion— can be utilised for simulations analysis
regarding the short-term response of shipping
receipts to exogenous parameters related to

8 RMSE, MAE, MAPE and the Theil’s inequality coefficient all
favour the estimated ECM’s forecasting ability. The only exception
being the AR(1) model which —only according to the MAPE

statistic— outperforms the ECM.
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the freight rate index or the financing condi-
tions in shipping.

5 SUMMARY AND CONCLUSIONS

Receipts from the provision of shipping serv-
ices play a pivotal role in covering the Greek
current account deficit. In the 1970s and 1980s,
a number of researchers have explored the
determinants of shipping receipts. However,
since the change in the methodology used to
compile the BoP and the changeover from the
drachma to the euro, there has been no rele-
vant research to the best of our knowledge.

This study explored the relationship between
receipts from the provision of shipping services
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(cross-trade), freight rates, and outstanding loans
to the shipping sector. Its empirical findings
revealed the existence of a stable long-run rela-
tionship between the ClarkSea index, the out-
standing loans and the inflows of shipping receipts.

It also detected evidence of a limited pass-
through of 44% from freight rates and of 64%
from outstanding loans to the shipping inflow.
These results are closely related to the inter-
national nature of the Greek shipping business
model and the increasing significance of Greek
shipping and shipping cluster (including the
shipping finance sector). Finally, the out-of-
sample forecast performance exercise revealed
that the selected ECM is more efficient (lower
RMSE) than some “benchmark” selected time
series models.



APPENDIX

Comparison of the models
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I INTRODUCTION

The impact of nominal and real uncertainty on
macroeconomic aggregates such as inflation
and growth has generated a significant body of
research. It is of particular relevance to policy
makers in deciding whether there are welfare
gains from stabilizing not only the levels of
inflation and growth but also their variability.

In a previous paper (Balfoussia and Gibson,
2010) we examined the relationship between
inflation and nominal uncertainty (as proxied
by alternative estimates of the variability of
inflation) for the Greek economy. The results
suggested that inflation indeed affects nomi-
nal uncertainty, thus implying that it generates
real costs for an economy. In this paper, we
extend our analysis to examine real uncer-
tainty (as measured by alternative estimates of
the variability of real growth) and whether it
impacts on inflation. Additionally, we exam-
ine whether nominal or real uncertainty
impact on growth and, if so, in what direction.
This can provide useful information to policy-
makers in deciding, first, whether they should
be concerned about uncertainty (either nom-
inal or real).

The results indicate that both nominal and real
uncertainty impact on growth. Nominal
uncertainty impacted negatively on growth in
Greece, in particular during the period before
EMU entry. The effect of real uncertainty on
growth is more mixed. Overall, there is some
evidence that real uncertainty positively influ-
ences growth though only at very short hori-
zons. This effect too however seems to have
disappeared following Greece’s entry into the
EMU. Finally, there appears to be no effect of
real uncertainty on inflation.

The results provide support for the mainte-
nance of a stable level of inflation which, by
definition, reduces nominal uncertainty. It is
indicative that, in the period following entry
into the euro area, nominal uncertainty is not
found to have affected real growth. This can
arguably be attributed to the relatively low
inflation environment that has prevailed, which
has contributed to anchoring inflationary
expectations.

The remainder of the paper is organized as fol-
lows. In Section 2 we consider the theoretical
reasons why we might expect macroeconomic
aggregates to be influenced by nominal or real
uncertainty. We also discuss the empirical
results that are available for a number of indus-
trialized countries, Greece not among them.
Sections 3 and 4 describe our data and econo-
metric methodology, while Section 5 presents
the results. Finally, Section 6 concludes.

2 THEORETICAL ARGUMENTS LINKING UNCER-
TAINTY TO INFLATION AND GROWTH

There are many theories which link uncertainty
to inflation and growth and vice versa. In this
paper, we are interested in three specific
hypotheses and we concentrate our attention
on theoretical arguments relevant to those
hypotheses. First, does nominal uncertainty
affect growth? Second, does real uncertainty
affect growth? Finally, does real uncertainty
affect inflation?

With respect to the first two questions, tradi-
tionally, growth has not been seen as being

* The views expressed do not necessarily reflect those of the Bank
of Greece. The authors would like to thank G. Tavlas for his useful
comments on a previous version of the study, and acknowledge any

mistakes as entirely their own.
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influenced by the variability of either inflation
or growth itself. Instead, the business cycle has
been considered to be independent of long-
term growth, the latter being influenced by
improved technology, labour and capital stock
growth and the growth of total factor produc-
tivity. However, there are now a number of the-
ories which link uncertainty to growth.

Taking the impact of nominal uncertainty (as
reflected in the estimated conditional variance
of inflation) on growth first, Friedman (1977)
suggests that nominal uncertainty might influ-
ence growth negatively, at least in the short
run. Greater uncertainty about inflation dis-
torts price signals, leads to misperceptions by
consumers and firms and results in a sub-opti-
mal allocation of resources and lower effi-
ciency. This has negative effects on growth.

More recently, however, authors such as Dot-
sey and Sarte (2000) have built models which
imply a positive relationship between inflation
uncertainty and growth. In a neoclassical
growth model, augmented by a cash-in-
advance constraint, increases in inflation
volatility increase the uncertainty of returns on
money balances and generate greater savings
and, hence, growth. The mechanisms through
which this result is generated include the exis-
tence of precautionary savings as well as
increased risk balances.

The relationship between real uncertainty (as
measured by the estimated conditional vari-
ance of growth) and growth likewise can go
either way. Pindyck (1991), building on Keynes
(1936), suggests that if output becomes more
variable and uncertainty increases, investment
and hence growth will fall. The rationale is
based on the recognition that investment is
usually irreversible. Thus, heightened uncer-
tainty causes entrepreneurs to put off invest-
ments, lowering growth. Blackburn and Pelloni
(2005) generate the same result from an
endogenous growth model. Increases in real
uncertainty cause workers to react by setting
higher wages. This lowers employment and
hence investment and growth.
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By contrast, Sandmo (1970) and Black (1987)
argue that increased real uncertainty will raise
average growth. For Sandmo (1970), the effect
works through precautionary balances.
Increased uncertainty generates incentives to
hold higher precautionary savings which,
within a simple Solow growth model, will
increase growth. Black (1987) starts from the
positive relationship that exists between risk
and return in a portfolio model. Increased
uncertainty would encourage greater invest-
ment in riskier projects. These riskier projects
have greater mean returns, but also generate
greater variability in real output growth.

Finally, there is the potential impact of real
uncertainty on inflation. Deveraux (1989) sug-
gests a reason why we might expect a positive
relationship. An increase in the variability of
real shocks lowers the optimal amount of wage
indexation in any economy. However, within a
Barro-Gordon framework, lower wage index-
ation makes inflation surprises more effective.
This will encourage the monetary authorities
to generate more surprises and average infla-
tion will be higher.

Alternatively, Dotsey and Sarte (2000) argue
that an increase in the variability of inflation
causes the return on money balances to
become more uncertain. Agents reduce their
demand for money balances and hence con-
sumption falls and savings rise. A rise in sav-
ings in a simple Solow growth model would
raise the rate of growth as it automatically
results in an increase in investment.

Not surprisingly, given the variety of theoret-
ical results, empirical evidence on these
hypotheses is exceedingly mixed. The literature
uses monthly data on industrial production for
growth and, representing real uncertainty, esti-
mates or survey measures of its variability; it
uses analogous measures of the variability of
either consumer prices or producer prices to
measure nominal uncertainty.

The empirical results from a wide range of
papers are summarised in Table 1. Overall, it



Table | Empirical results in the literature

Hypothesis

Inflation uncertainty

causes growth

Growth uncertainty

causes growth

Growth uncertainty

causes inflation

Reference

Fountas and Karanasos (2007)

Conrad and Karanasos (2005)

Conrad and Karanasos (2008)

Davis and Kanago (1996)

Fountas et al. (2002)
Fountas et al. (2006)

Lee and Ni (1995)
Kneller and Young (2001)

Grier and Perry (2000)

Fountas and Karanasos (2007)

Fountas and Karanasos (2008)

Fountas et al. (2002)
Fountas et al. (2004)

Fountas et al. (2006)

Kneller and Young (2001)

Ramey and Ramey (1995)

Martin and Rogers (2000)

Kormendi and Meguire (1986)
Grier and Tullock (1989)

Caporale and McKiernan (1996)

Fountas et al. (2006)

Grier and Perry (2000)

Sample

1957-2000, G7

1962-2004, EU

1960-2007, US

1951-1990, US

1961-1999, JP

Late 1950s-2000, G7
1954-1993, US

1961-1997, OECD countries

1948-1996, US

1957-2000, G7

100 years, UK, DE, FR, IT,
SE

1961-1999, JP
1961-2000, JP

Late 1950s-2000, G7

1961-1997, OECD countries

1960-1985, 92 countries

24 OECD (1960-1988)

90 EU Regions (1979-1992)
72 developing countries
(1960-1988)

Post-war, 47 countries
113 countries

1948-1991, UK

Late 1950s-2000, G7

1948-1996, US

Results

US: CPI positive effect
PPI negative effect

GE, UK: negative effect

CA, JP: positive effect

BG, SE, UK: negative effect
FI, FR, NL: positive effect

Strong positive effect

1 standard deviation increase in inflation,
1pp fall in growth

Negative and significant effect

Negative effect (except FR, IT)

Negative and significant effect

Negative and significant effect

Negative and significant effect

US: no effect
G7 (excl. US, JP): positive effect

Bidirectional causality; mixed signs

Causality reversed, positive effect
No effect
Positive effect

Uncertainty measured over S-year periods:

negative and significant effect

Negative and significant

Negative and significant for EU regions and
OECD;

not significant for developing countries
Positive and significant

Positive and significant

Positive and significant

Mixed evidence regarding both sign and

significance

No effect
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appears that nominal uncertainty (i.e.
increased volatility of inflation) tends to have
a detrimental effect on growth. For the other
two hypotheses no clear picture emerges.

3 ANALYSIS DATA

Our dataset is comprised of the monthly con-
sumer price and industrial production indices
for Greece (CPI and IP respectively), span-
ning the period 1981-2009, as provided by the
Hellenic Statistical Authority. The latter index
is used as a proxy for GDP, in line with the
bulk of the related empirical literature, given
that GDP itself is only available at a quarterly
frequency. Following Balfoussia and Gibson
(2010) we use these seasonally unadjusted
dataseries to calculate seasonally-adjusted
measures of month-on-month annualised CPI
inflation and the growth rate of IP, by apply-
ing the Census X12 technique provided by the
US Bureau of the Census! and used by the US
Bureau of Labor Statistics for the estimation
of seasonally-adjusted US CPI-U. The result-
ing constructed dataseries allow us to explore
causality once seasonal variation has been
accounted for.

4 ECONOMETRIC METHODOLOGY

The main empirical hurdle to be overcome in
order to test the theories outlined in Section
2 is the need to decide upon an adequate meas-
ure of real and nominal uncertainty. Several
alternative statistical approaches to proxying
uncertainty can be found in the literature, the
most commonly used ones being rolling sta-
tistical measures of a variable’s variability and
the dispersion of survey-based individual fore-
casts as proxies for uncertainty.> However, nei-
ther can be said to adequately capture uncer-
tainty as understood in the present context.
Statistical measures of variability, such as the
moving average of a variable’s standard devi-
ation, incorporate both predictable and
unpredictable variability; however, only the
variance of the stochastic, or unpredictable,
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component of a variable reflects true economic
uncertainty.>*

Current research appears, on the whole, to
reject purely statistical measures of uncertainty
in favour of model-derived ones, primarily of
measures based on GARCH-type estimations.’
In contrast to the earlier proxies, GARCH
specifications provide a tool to formally model
and estimate the time-varying variance of the
dependent variable’s unpredictable innova-
tions, i.e. a measure that corresponds well to
the notion of uncertainty used in the theoret-
ical literature underlying our work and reflects
its time-variation. Hence, this is our method-
ology of choice.

Turning to the issue of testing for causality, vir-
tually all of the aforementioned academic lit-
erature uses Granger causality tests to detect
the presence of possible causal relationships
between the variables in question. It should be
noted that these tests, just as any other statis-
tical approach, actually explore temporal
precedence rather than causation, a point to be
borne in mind when results are interpreted.
This caveat notwithstanding, we perform
Granger causality tests on our variables in line
with the related empirical literature and try to
reinforce our results by using several alterna-
tive proxies for uncertainty and testing for
causality at many different horizons.

Three sequentially nested GARCH models are
used to obtain the corresponding alternative
estimated time-varying conditional variances
for each of our two variables, that is, of infla-
tion and the economy’s real growth rate. These

1 http://www.bls.gov/cpi/cpisapage.htm

2 For a more detailed overview of alternative measures used in the
literature see Balfoussia and Gibson (2010).

3 In the case of inflation, in particular, predictable inflation
variability can be addressed by economic agents, e.g. through
indexation; unpredictable inflation variability, which cannot, is
more in line with the notion of inflation uncertainty.

4 Moreover we note that, in any case, survey measures are not
available for Greece over a sufficiently long sample period.

5 A number of single country studies have employed the ARCH-class
of models to proxy uncertainty, especially inflation uncertainty.
Seminal among these are the articles by Engle (1983) and Bollerslev
(1986). Fountas and Karanassos (2007) Hwang (2007) and Capo-
rale and Kontonikas (2009) are but a few of the most recent ones.



are subsequently used as alternative measures
of nominal and real uncertainty respectively.
The three alternative model formulations are
presented in equations (1) to (5).

A standard general GARCH (1,1) model is
presented in equations (1) and (2).

12
X = a; + 1;:'1 b X + Cit (1)
Giz,r =a; + Pl + Viafz-J ()

We use x;, where i={1,2} to denote each of the
two macroeconomic variables at time ¢, i.e. x;,
denotes inflation at time ¢ while x,, denotes the
real growth rate at time t. The variables’ con-
ditional means are specified in equation (1) as
autoregressive processes of order 12, so as to
reflect the monthly nature of our data where
e;. is the error term of variable x;, which is
assumed to follow a conditional normal dis-
tribution. The GARCH (1,1) representation of
the conditional variances is presented in equa-
tion (2) where o7, denotes the conditional vari-
ance of variable x;,. The model assumes the
conditional variance of x;, follows an ARMA
(1,1) process, i.e. that the conditional variance
of each variable at time t depends on its own
past innovations and variances. The implica-
tion is that, in predicting this period’s variance,
economic agents form a weighted average of
the variable’s long-term average variance o;,
its variance as observed in the previous period
07, and the size of last period’s forecast error
for this variable as captured by e7.,. If last
period’s forecast error and/or variance were
unexpectedly large, economic agents will
increase their estimates of the variable’s vari-
ance for the next period.

Equation (3) presents the alternative specifi-
cation of the conditional variances implied by
a Threshold-GARCH model (Zakooan, 1994
and Glosten, Jaganathan and Runkle, 1993).

Uiz,t =a; + ﬁieft-l + ﬂfri,t-left-l + Yi()fz-l (3)

where r;=1if ¢;,<0 and r;,=0 otherwise. In
this specification, a variable’s past innovations

are allowed to have a different impact on its
conditional variance depending on their sign,
i.e. positive news may have a smaller impact on
the variance of x;, than negative news. In equa-
tion (3) positive news has an impact of f3;, while
negative news has an impact of f3; + /.

Equations (4) and (5) present the conditional
variance specification of a Component Thresh-
old-GARCH (1,1) model. This formulation
extends the previous ones by additionally
allowing the conditional variance to mean-
revert to a time-varying level.
07— my, = i€l — myy) + BT (el — mi,)
+ Vi(oft-l - mi,t) (4)

m;, = w; + Qi(mi,t-l -w) + (Pi(efu - 07.) (5)

where m;, is the now time-varying long-run
volatility. The first equation describes the tran-
sitory component o7, — m;, which converges to
zero, while the second equation describes the
long-run component m;, which converges to w;,
at rates defined by the coefficients of their
respective equations. The variables in the tran-
sitory equation will have an impact on the
short-run movements in volatility, while the
variables in the permanent equation will affect
the long-run levels of volatility.

Having estimated these three alternative uni-
variate GARCH specifications for the error
term of each variable, we examine their rela-
tive goodness of fit to each data series and pro-
ceed to use the estimated conditional volatil-
ities as proxies for nominal and real uncer-
tainty respectively. We perform pairwise bi-
directional Granger causality tests between
each of the three estimated conditional vari-
ance series obtained for each variable and the
variables themselves for the three causal rela-
tionships implied in the theoretical literature
and for different lag lengths (i.e. different
causality horizons) up to 12 months, and exam-
ine the sign of the sum of the auxiliary
(Granger causality) equations’ relevant coef-
ficients, in order to establish the direction of
the effect where Granger causality is found.

34
Economic Bulletin
September 2010 HERL



Subsequently, we separate our sample at two
different dates of possible structural breaks
and repeat the process in order to explore
whether there has been a break in the rela-
tionships we detected for the full sample.

5 EMPIRICAL FINDINGS

5.1 DIAGNOSTIC STATISTICS AND POSSIBLE STRUC-
TURAL BREAKS - AN INTUITIVE ACCOUNT OF
THE DATA

The presence of strong ARCH effects in our
data is confirmed by diagnostic Lagrange Mul-
tiplier (LM) tests. This implies, in other
words, that volatility is time-varying and peri-
ods of high or low volatility tend to cluster
together. Naturally, this effect is found to be
much stronger for inflation, a highly volatile
and persistent variable, than it is for the real
rate of growth. All three GARCH specifica-
tions appear to provide a roughly equally good
fit to the dataseries, as indicated by the
adjusted-R? measures reported in Table 2. It
is noted that the descriptive power of the
models deteriorates somewhat for the sea-
sonally adjusted datasets. This is to be
expected as, by definition, part of the volatil-
ity in the original data has been removed. For
unadjusted data, the T-GARCH model
appears to provide a marginally superior fit on

the basis of the reported information crite-
ria, i.e. threshold effects appear to be sig-
nificant in the variance of the inflation and
industrial production growth processes. Con-
versely, for the seasonally adjusted data, it is
the C-GARCH specification which appears to
provide a marginally superior fit on the basis
of most information criteria, i.e. threshold
effects in combination with a time-varying
mean variance appear to better describe the
data, indicating perhaps that removing the
seasonal fluctuations from the two variables
renders the distinction between the transitory
and permanent components of their condi-
tional variances less elusive.

The conditional variances derived from the
various GARCH specifications for both vari-
ables are plotted against time in Chart 1.
Their evolution appears to be in line with
developments in the Greek economy over the
sample period. Turning first to inflation,
volatility was high in the early part of the sam-
ple, with peaks after the 1983 and 1985
drachma devaluations, as would be expected.
Volatility also rose in the early 1990s linked
to oil price rises and large fiscal deficits which
caused inflation to rise. Inflation was then
propagated by the wage indexation mecha-
nism. From around 1994 onwards, volatility
fell gradually and has, largely, remained low
thereafter. Fluctuations in the estimated con-

Table 2 Information criteria

Hypothesis Akaike Schwarz
Seasonally unadjusted CPI inflation
GARCH 6.65 6.83
T-GARCH 6.54 6.73
C-GARCH 6.61 6.82
Seasonally adjusted CPI inflation
GARCH 5.84 6.02
T-GARCH 5.84 6.03
C-GARCH 5.76 5.98

Note: Smaller values of the Akaike and Schwarz criteria are preferred.
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Adj. R* Akaike Schwarz Adj. R*
Seasonally unadjusted IP growth
0.78 10.59 10.77 0.73
0.78 10.57 10.75 0.73
0.78 10.56 10.78 0.73
Seasonally adjusted IP growth
0.60 9.66 9.83 0.27
0.60 9.66 9.85 0.28
0.60 9.63 9.84 0.29



Chart | Estimated conditional volatilities
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ditional variance of the real growth rate dur-
ing the pre-1994 period are analogous, most
peaks and troughs coinciding with those just
described. Real uncertainty also rapidly
declines from around 1994 onwards, but
records a brief surge during the period lead-
ing up to the 2004 Olympics and, again, in
2008 and 2009, marking the effect of the
global and domestic crisis.

These fluctuations coincide with important
policy choices made by Greek governments.
The Maastricht treaty entered into force on 1
November 1993. It set out the path to mone-
tary union in Europe and the Greek govern-
ment publicly stated its aim to become a mem-
ber, marking a major turning point for the
Greek economy. 1994 was to be a crucial year
towards that goal. Controls on capital move-
ments were fully liberalized and monetary
financing of the government’s budget deficit
was prohibited. The first convergence pro-
gramme of the Greek government was
adopted by ECOFIN and focused on fiscal
consolidation to meet the Maastricht Treaty
criteria. From 1995, the hard drachma policy
was adopted to foster nominal convergence.6
Henceforth, the economic climate improved
markedly. The ongoing flow of EU structural

r—r— [
1995 1997 1999 2001 2003 2005 2007 2009

funds channeled towards investments in infra-
structure, the sharp decline in interest rates
and the real improvement in key macroeco-
nomic fundamentals provided a sustained
boost for real economic activity, while the real-
isation of the substantial real implications of
the country’s acceptance to the eurozone
fuelled expectations of long-lasting economic
progress and stability. In brief, the rather strik-
ing reduction in the time-variation of our vari-
ables’ estimated volatilities from the mid-1990s
onwards reflects major developments in the
Greek economy.

With the above developments in mind, we con-
sider two alternative dates of structural breaks
in our data. The first is at the end of 1993,
when the Maastricht Treaty entered into force,
and the second in January 2001, when Greece
joined the euro area. Chow tests support the
existence of structural breaks at both these
dates.” We take these two alternative structural
breaks into consideration by splitting our full
sample accordingly and repeating all Granger
causality tests for each of the resulting two
pairs of subsample periods.

6 See Garganas and Tavlas (2001) for a discussion of this period.

7 Test results available upon request.
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5.2 GRANGER CAUSALITY TESTS

The test results from all Granger causality esti-
mations are presented in Tables 3 to 5. Esti-
mated test statistics for the full sample of data
are presented in Table 3 where results for sea-
sonally unadjusted data are presented in the
top panel and those for the seasonally-adjusted
series in the bottom one. Test results corre-
sponding to the subsample periods defined by
the two alternative sample breaks are pre-
sented in Tables 4 and 5 respectively. For econ-
omy of space, only the estimates obtained for
the seasonally-adjusted series have been
included, the top panels now presenting
Granger causality tests for each of the first sub-
sample periods and the bottom panels for the
corresponding second ones.?’

In each panel three sets of estimations are pre-
sented, corresponding to each of the three the-
oretical causal relationships being tested.
Moreover, for each possible causal relationship
under consideration three sets of results are
presented, each corresponding to one of the
alternative GARCH specifications used to
obtain measures of uncertainty. Our three null
hypotheses are that in the Greek economy:

(i) real uncertainty does not Granger cause
inflation;

(ii) nominal uncertainty does not Granger
cause growth; and

(iii) real uncertainty does not Granger cause
real growth.

Given the negative form of the tests, a rejec-
tion of any of these hypotheses at conventional
levels of significance provides empirical sup-
port for the existence of the corresponding
causal relationship. In these cases, the symbol
in parentheses next to the appropriate
Granger causality test statistic refers to the
direction of the detected causal relationship,
i.e. it is the sign of the sum of the relevant esti-
mated coefficients in the corresponding auxil-
iary equation.
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i. The causal effect of real uncertainty on
inflation

An examination of the top section of each
panel reveals that the hypothesis of Granger
causality running from real uncertainty to
inflation can be rejected for all sample periods
and for all three alternative measures of the
conditional variance of real growth employed
in this paper. Hence our estimates provide no
support for any of the corresponding theoret-
ical arguments presented in Section 2. These
findings are however in line with those
reported by Grier and Perry (2000) who also
detect no such causal relationship on 50 years
of US data.

ii. The causal effect of nominal uncertainty on
real growth

Turning to the empirical findings on the the-
oretical hypothesis of a causal relationship with
direction from nominal uncertainty to real
growth, the picture is quite different. For the
full sample estimates, there appears to be a
negative causal effect at the very short horizon
and a positive one at longer horizons, up to a
year, seemingly implying that both the Fried-
man (1977) and the Dotsey and Sartre (2000)
effects come into play, each at a different hori-
zon. Once the possibility of a structural break
is considered, we are led to draw different con-
clusions. When accounting for a structural
break at the end of 1993, the results for the
first subsample are analogous to those
obtained for the full sample. For the second

8 Results for the seasonally unadjusted data available upon request.

9 Using all three conditional variance estimates on seasonally
unadjusted data for the full sample or any subsample period, it
seems one cannot reject any of the three null hypotheses at any
horizon. This finding reveals the weakness of the test on this
dataset, confidence intervals for any null hypothesis being far too
wide for any rejection or, equivalently, the test being too weak to
allow us to distinguish between alternative null hypotheses. It would
seem, in other words, that the seasonally unadjusted data is
uninformative in this context, possibly due to noise resulting from
the seasonal component. Given that the component of real and
nominal variability which reflects seasonal behavioural patterns is
of no interest to us here but may nonetheless strongly affect our
measures of uncertainty, as it is likely to filter through to our
estimates of the conditional variances, we undertake our exercise
on data corrected for seasonality.
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subsample, however, there now appears to be
only a negative causal relationship, mostly sig-
nificant at the shorter horizons. The previous
finding of positive causality at the longer end
of the horizon spectrum is no longer present
for the second subsample.

Our results become even clearer and most
intuitive when the full sample is split at the
second possible structural break, i.e. at the end
of 2000. There is now strong evidence of a neg-
ative causal relationship running from infla-
tion uncertainty to real growth during the pre-
EMU period. This finding is present at all
horizons up to a year and for all measures of
uncertainty and is clear evidence of the clas-
sic Friedman (1977) effect which was also
detected for Greece for the same period in
Balfoussia and Gibson (2010), as related to the
relationship between nominal uncertainty and
inflation. As seen in Table 1, evidence of such
an effect is perhaps the only point of any con-
sensus in the related empirical literature — see
inter alia, for the US, Davis and Kanago (1996)
on four decades of data and Grier and Perry
(2000) on an even longer dataset, Fountas,
Karanasos and Kim (2002) and Fountas,
Karanasos and Kim (2006) on Japan and the
G7 respectively, and Kneller and Young
(2001) on the OECD countries. For the second
subsample, the estimated test statistics now
indicate, conversely, that there is virtually no
causal effect during the post-EMU period at
any horizon and for any measure of uncer-
tainty, the weak negative causality which
remained in the post-1994 subsample having
now also vanished. This finding is also open to
an especially intuitive interpretation, arguably
reflecting the fact that Greece’s entry in the
EMU strongly anchored inflation expectations,
thus diluting any pre-existing causal relation-
ship between nominal uncertainty and growth.
Similarly, in Balfoussia and Gibson (2010)
strong evidence was reported that any causal
relationship between inflation and inflation
uncertainty that had previously existed in the
case of Greece was disrupted during the post-
EMU period.
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iii. The causal effect of real uncertainty on real
growth

Finally, turning to the theoretical possibility of
a causal relationship existing with a direction
from real uncertainty to real growth, here too
there seems to be some evidence of a pre- and
post-EMU effect, but only at the very short
horizon. Turning first to Table 3, i.e. to esti-
mates obtained for the full sample, a signifi-
cant and positive causal relationship running
from real uncertainty to real growth can be
seen for up to a 6-month horizon. The same
effect is present for up to the 3-month horizon
in the first subsample period corresponding to
each of our structural breaks, i.e. in the pre-
EMU period (Tables 4 and 5 respectively).
Conversely there appears to be no evidence of
causality whatsoever in the post-EMU period.

A glance at Table 1 reveals that the overall pic-
ture emerging from the related empirical lit-
erature is mixed, though a number of empiri-
cal papers do seem to support the presence of
a positive causal effect between the two vari-
ables. The apparent restriction of our empiri-
cal finding of positive causality to the very short
horizons is however somewhat difficult to deci-
pher, in view of the fact that all theoretical
arguments proposed in the literature in support
of such an effect are usually thought to imply
medium- to long-term effects on growth rather
than very short-term ones. This is true espe-
cially of the argument proposed by Black
(1987), according to which higher income vari-
ability implies an incentive for investment in
riskier technologies which in turn yield higher
output growth. Nonetheless, given that this
appears to be a pre- and post-EMU effect,
albeit at the short horizon, one may tentatively
take the view that it is evidence in favour of the
Miraman (1971) argument for the pre-EMU
period, according to which more income vari-
ability leads to a higher savings rate for pre-
cautionary reasons and hence to a higher equi-
librium rate of economic growth. Should there
have been such a mechanism in place in the
pre-EMU period, it is likely to have been sub-
stantially diluted following Greece’s entry into



the EMU, due to the associated prevailing
expectations of sustained positive and stable
economic growth. Hence it seems that, in the
post-EMU era, it is the business-cycle theory’s
implication that real uncertainty has no causal
effect on growth which is corroborated by our
empirical estimates.

6 SUMMARY AND CONCLUSIONS

This paper examined whether nominal and real
uncertainty has impacted on growth and
whether real uncertainty has impacted on infla-
tion in Greece and, if so, in what direction. Our
empirical findings appear to be intuitive, when
cast against the developments in the Greek
economy over the sample period (1981-2009).

For the period prior to Greece’s entry to the
EMU, one of high and volatile inflation rates
coupled with high real uncertainty, we find
strong evidence of negative causality with a
direction from inflation uncertainty to real
growth, supportive of the classic Friedman
(1977) effect commonly reported in the empir-
ical literature for other countries. For the
EMU era, one of lower and more stable infla-
tion, sustained strong growth and buoyant eco-
nomic expectations, our findings imply, in line
with economic intuition, that the presence of
the ECB as a monetary policy authority cre-
ated a strong anchor for inflation expectations
which appears to have diluted the negative
causality from inflation uncertainty to real
growth previously detected. Our findings cor-
roborate those of Balfoussia and Gibson

(2010) who also report evidence of the Fried-
man (1977) effect for Greece prior to EMU, as
related to the relationship between inflation
and nominal uncertainty, an effect which also
appears to have been disrupted during the
post-EMU period.

Real uncertainty appears to have had a posi-
tive causal effect on the real rate of growth
during the first part of our sample, possibly
pointing towards the Miraman (1971) hypoth-
esis, but no causal effect was detected during
the post-EMU period, in line with the impli-
cations of business-cycle theory. This shift
arguably also reflects the economic climate of
reduced real uncertainty and positive expec-
tations which prevailed following Greece’s
entry to the EMU. Finally, real uncertainty
appears to have had no causal effect on infla-
tion during either period.

In summary, the inflation-targeting monetary
policy adhered to in preparation for and dur-
ing the EMU era coupled, with Greece’s sub-
stantial efforts towards fiscal consolidation and
macroeconomic convergence around the turn
of the century appear to have contributed not
only to sharply reducing the level of inflation
and achieving sustained positive growth but,
moreover, to reducing real and nominal uncer-
tainty and anchoring expectations.

Our empirical findings are particularly relevant
to policy makers, as they highlight the real wel-
fare gains to be reaped from stabilizing not
only the average levels of inflation and growth
but their variability as well.
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Analyzing and comparing the impact of alternative concepts of resources
in distributional studies: Greece, 2004/5

Working Paper No. 111
Theodore Mitrakos and Panos Tsakloglou

The usual practice in empirical distributional
studies is to use either disposable income or
consumption expenditure as a proxy for wel-
fare. Essentially, both variables are used as
approximations of the unobserved “perma-
nent income” of the population members.
This paper exploits the information in the
Greek Household Budget Survey of 2004/5
and constructs an indicator of “permanent
income” using a latent variable approach. The
distributions of disposable income, con-

sumption expenditure and permanent income
are compared regarding their level and struc-
ture of inequality and poverty. Both inequal-
ity and poverty appear to be substantially
lower using the distribution of permanent
income instead of either the distribution of
disposable income or the distribution of con-
sumption expenditure, while differences are
also evident when decomposition analysis of
inequality and poverty is employed using
appropriate indices.

Bretton-Woods systems, old and new, and the rotation of
exchange-rate regimes

Working Paper No. 112

Stephen G. Hall, George Hondroyiannis, P.A.V.B. Swamy and George S. Tavlas

A recent contribution to the literature argues
that the present international monetary system
in many ways operates like the Bretton-Woods
system. Asia is the new periphery of the system
and pursues an export-led development strategy
based on undervalued exchange rates and accu-
mulated foreign reserves. The United States
remains the centre country, pursuing a mone-
tary policy strategy that overlooks the exchange
rate. Under both regimes the United States

does not take external factors into account in
conducting monetary policy while the periphery
does take external factors into account. We pro-
vide results of a test of this hypothesis. Then, we
present a new method for the decomposition of
a seasonally adjusted series, the business cycle
and other components using a time-varying-
coefficient technique that allows us to test the
relationship between the cycle and macroeco-
nomic policies under both regimes.

Boosting confidence: is there a role for fiscal policy?

Working Paper No. 113

Panagiotis Konstantinou and Athanasios Tagkalakis

In view of the rapidly evolving downturn in eco-
nomic activity back in 2008-9, several interna-
tional organisations, like the IMF, government
officials, press commentators and labour union
members expressed the view that fiscal policy
action was urgently needed in order to fend off

the risk of a protracted recession. Several gov-
ernments around the globe decided to take
decisive action by means of tax cuts and spend-
ing increases with two main goals. The first was
to alleviate the effects of the economic crisis on
low-income households, who are the most
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affected ones. The second goal was to boost
both consumer and business confidence, aim-
ing at sustaining economic activity and stabil-
ising the financial system.

It is a widely held view that the positive effect
on consumer confidence is expected to reduce
the risk of increasing precautionary saving,
thereby leading to higher consumer spending,
which in turn will sustain domestic demand and
safeguard or even boost near-term economic
growth. In the same vein, improvements in
business confidence are likely to lead to higher
or at least sustained investment spending and
employment.

The paper investigates the widely held view
that expansionary fiscal policy can boost con-

sumer and business confidence. Using
quarterly data for Australia, Canada, Fin-
land, Ireland, Japan, the Netherlands, Swe-
den, UK, and the US from 1970 to 2007, we
find evidence in favour of this argument, i.e.
cuts in direct taxes generate a positive effect
on consumer and business confidence, and
the same applies in cases of higher non-wage
government consumption. However, a higher
government wage bill reduces confidence,
possibly because it entails a permanent
increase in the size of the public sector,
which would have to be financed by higher
future taxes. In line with the standard Key-
nesian view, we find that an increase in gov-
ernment investment lowers confidence,
possibly due to the crowding out effect on
private investment.

Export performance, competitiveness and commodity composition

Working Paper No. 114

Panayiotis P. Athanasoglou, Constantina N. Backinezos and Evangelia A. Georgiou

The study of export performance, especially
for countries with serious external imbal-
ances, like Greece, might be crucial for the
choice of policies aimed at addressing these
imbalances. This paper attempts to evaluate
Greek export performance during the 1996-
2006 period, using detailed panel data on
bilateral trade by product that represent
almost 95% of total Greek exports (279
exported product categories). First, the expo-
sure of the Greek economy to international
trade and the structure of exports are studied.
Second, Greek export market shares by com-
modity and destination market are calculated
and the method of Constant Market Share
Analysis is used in order to estimate the con-
tribution of different factors in Greek exports
performance. Third, the role of commodity
composition of exports, their competitive
position in international markets and an
analysis (both static and dynamic) of the spe-
cialization pattern of Greek exports are pre-
sented. Finally, the effect of price competi-
tiveness on export market shares is examined.
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Given the degree of competition in interna-
tional markets, that Greece and other devel-
oped economies face, and despite the decline
in export market shares, Greek export per-
formance was rather satisfactory. A consider-
able change in export structure, especially
their destination, was observed during this
period, which had a favorable effect on Greek
market shares. The redirection of Greek
exports towards the markets of South-Eastern
Europe and the Mediterranean and Middle
East was reinforced by the high growth of
these economies, their geographical proxim-
ity to Greece and the significant presence of
Greek companies and financial institutions.
However, trade performance was negatively
influenced by commodity composition (in
terms of variety and quality) and competi-
tiveness, during the period 1996-2006, due to
the underlying structure of production.
Although the technological intensity of
Greek exports has improved substantially dur-
ing the period under review, it has not
improved sufficiently. Greek exports are still,



concentrated in low and medium technology
sectors, and therefore unable to exploit the
trends of foreign demand.

The growth of world trade and the geographic
distribution of external markets had positive
influence on Greek export performance, while
the effects of commodity composition and
competitiveness were negative. After entry
into the EMS the impact of these last two fac-
tors improved substantially. Specifically, the
effect of commodity composition continued to
be negative but very close to zero and that of
competitiveness became positive although it
remained close to zero.

The intra-industry trade index for Greece is
below the EU-15 average, which means that
Greek exports are characterized by low degree
of differentiation. In addition, the quality of
Greek exports declined compared to the qual-
ity of its competitors, even though the quality
of exports towards EU-15 improved substan-
tially during the last two years. The degree of
specialization of Greek exports remained rel-
atively high. However, it declined during the
period 1996-2006, as a result of the declining
specialization of exports towards South-East-
ern Europe. In addition, the specialization pat-
tern of Greek exports reflects a concentration
to the negative values of the revealed prefer-

ences index. The improvement in this index
observed during the 2001-2006 period is due to
exports directed to South-Eastern Europe and
the Mediterranean and Middle East. The
results also show the stability of the Greek
export specialisation pattern between 1996 and
2006 in the positive (best) intervals of the
index. This indicates a rather encouraging
dynamic development for Greek exports.

The long-run elasticity of price competitive-
ness of Greek exports, according to the panel
data analysis, was relatively low, which means
that the improvement in export performance
through changing export prices requires a
rather strong effort. In addition, the adjust-
ment time of the short-run market shares to
the long-run ones is rather long. On the other
side, it seems that Greek exporting firms have
some competitive power in several commod-
ity categories (such as mechanical equipment,
manufactured metallurgy products, paper and
glass) and could achieve better performance
by focusing on non-price factors.

Therefore, policies that support innovation,
variety and quality and create a suitable envi-
ronment through investment in research and
development are necessary, especially in sec-
tors where Greece already has a comparative
advantage and substantial competitive power.

European sovereign bond spreads: monetary unification, market conditions and financial integration

Working Paper No. 115

Dimitris A. Georgoutsos and Petros M. Migiakis

In this paper we examine the dynamics of
European sovereign bond yield spreads focus-
ing on issues related to financial integration
and market conditions. The finding of near-
unit-root effects highlights the need for care-
ful econometric specification. Thus we for-
mulate sovereign bond yield spreads, for
eleven EMU countries against the Bund for
the period 1992:1-2009:12, as AR(1) processes,
while allowing for regime switching effects,
along the lines of a Markovian probabilistic

specification. Specifically, by taking into
account regime switching effects we examine,
rather than assume, whether monetary unifi-
cation affected sovereign bond yield spreads,
allowing for states of higher and lower inter-
actions to be revealed. Next, we examine the
effects of several exogenous explanatory vari-
ables. Our results indicate that European sov-
ereign bonds achieved only partial integration
even before the recent financial crisis, while
financial integration and financial stability are
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found to be interconnected. Specifically, we  sis. Additionally, it appears that a negative
find evidence of different effects exercised by  relation exists between low-volatility condi-
the same deterministic factors on sovereign  tions and the magnitude of effects exercised by
bond yield spreads even before the recent cri-  idiosyncratic risk factors on bond yield spreads.
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