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Abstract Using cross-sectional data from the Labour Force Survey, we investigate
whether a wage curve, i.e. a negative relationship between real wages and regional
unemployment, could be estimated in the Greek labour market and in the period 1999–
2014. Adopting individual static and regional dynamic specifications, our results do
not support the existence of such a relationship despite the extensive macroeconomic
adjustment of real wages after 2009. However, allowing for period-specific hetero-
geneous slopes, we find that a negative relationship between wages and regional
unemployment emerged in the period 2010Q2–2011Q4 which however was short-
lived. This relationship appears to be exclusively due to the restructuring of the
collective bargaining regime and the reduction in the national minimum wages, both
of which were implemented in the private sector.
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1 Introduction

The relationship between real wages and unemployment has traditionally been under
extensive scrutiny by both theoretical and empirical economists (Blanchard and Katz
1999). In particular, when the underlying labour market is highly institutionalized,
such as the Greek one, questions are raised about its allocative efficiency and its
ability to absorb adverse shocks or to adjust to structural changes. Wage reactions
can occur at different levels of the economy. For instance, wage adjustments can be
identified at the (a) national level, which are described by the so called wage-setting
curve (Layard et al. 2005; Carlin and Soskice 2015) and (b) local/regional level, which
are analysed within the “wage curve” framework (Blanchflower and Oswald 1994,
1995). In the latter case, the impact of the prevailing local labour market conditions on
individual wages can be effectively identified by regional unemployment. In addition,
both models recognize that the degree of wage flexibility also depends on institutional
factors (e.g. wage bargaining, minimum wage legislation) linked to the labour market
(de Menil 1971; Carruth and Oswald 1989; Booth 2014).

The purpose of the present study is to estimate wage curves for the Greek labour
market and to analyse the adjustment of real wages during a 16-year period (1999–
2014) of both normal and exceptional circumstances such as the global financial crisis
of 2007–20091 and the subsequent sovereign Greek debt crisis (2009Q4 and after-
wards). The post-2009 developments regarding the functioning of the Greek labour
market and the relevant public policy initiatives justify the investigation of the wage
adjustment process. In this period, a significant decline in real wages is observed
while the labour market conditions have substantially deteriorated (Christopoulou
and Monastiriotis 2014). For example, while the unemployment rate was oscillating
in the neighbourhood of 10% for nearly three decades, it climbed to more than 25%
at the end of 2012. This “break” was observed at the third quarter of 2008 as both
regional (Bakas and Papapetrou 2014) and national unemployment series (Venetis and
Salamaliki 2014) indicate. The evolution of real hourly wages and unemployment is
portrayed in Fig. 1 for both national and regional levels. We observe that wages and
unemployment (a) follow parallel paths during the periods 1999–2008 and 2013–2014
and (b) are negatively related during the period 2009–2012.

It is well established that the labour relations system in Greece is centralized and
wages are rigid since they are determined independently of the prevailing local/regional
labour market conditions (Fabiani et al. 2010; OECD 2011). Since 2010, a series of
legislative structural reforms were recommended by the “Troika”2 and implemented
by the Greek government. These reforms included horizontal cuts in public sector
wages, adoption of measures that promote labour market flexibility, changes in the
minimum wage legislation and decentralization of the wage bargaining process.3 We
note that in an analogous setting Devicienti et al. (2008) found that an Italian wage
curve could only be identified after 1993,when a series of reformswere implemented in

1 http://www.nber.org/cycles.html.
2 European Commission, European Central Bank and International Monetary Fund.
3 A compact review regarding the specifics of the Greek labour relations system before and after the
structural reforms is provided by Voskeritsian and Kornelakis (2014).
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Fig. 1 Hourlywages and unemployment inGreece. SourceLabour Force Survey (LFS), Hellenic Statistical
Authority (ELSTAT) and authors’ calculations. Seasonally adjusted series (X12-ARIMA), 1999Q1–2014Q4

order to make wages more sensitive to the contemporaneous labour market conditions.
More specifically, in the post-2009 period the Greek government reduced public sector
wages across the board at the beginning of 2010 by adopting the Act No. 3833/2010
(15March 2010) and later theActNo. 3845/2010 (5May 2010)which iswidely known
as the first Memorandum of Understanding (MoU). While wages in the private sector
were not affected directly by thosemeasures until the end of 2011, they were indirectly
affected by legislation that promoted higher labour market flexibility (e.g. temporary
jobs). This legislation includes the Act No. 3846/2010 (11 May 2010) and Act No.
3899/2010 (17 December 2010). Furthermore, the Greek government introduced in
27 October 2011 the Act No. 4024/2011 which constitutes a major reform of the
collective bargaining system in Greece and a new unitary pay system for public sector
employees. Regarding this newversion of the collective bargaining system, contractual
base wages are allowed to be lower than those reached after negotiations at higher
levels, i.e. sectoral/ occupational/ regional, but not lower than the national minimum
wage. As a result, the number of sectoral/occupational/regional agreements was not
renewed after their expiration (spring semester of 2011) and a dramatic increase in
the number of firm-level contracts was observed immediately thereafter (Daouli et al.
2013). On 14 February 2012, wages in the private sector were reduced due to a sharp
decline in the statutory minimum wage when the Greek government adopted the Act
No. 4046/2012. This reduction was 22 (32)% for workers above (under) the age of
25, and it was imposed in an attempt to reduce labour costs and decelerate the growth
of unemployment (Yannelis 2014). These developments may have had an important
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impact on the underlying mechanism of the wage curve relationship, and they should
be taken into consideration.

The wage curve methodology was introduced by Blanchflower and Oswald (1994,
1995), and since then it has become the standard methodological approach for evaluat-
ingwage flexibilitywith respect to the contemporaneous local/regional unemployment
rates. In this context, real wages and local unemployment are negatively related, with
the estimated coefficient of unemployment being in the neighbourhood of −0.10.4

Over the years, the accumulated empirical literature has failed to confirm the existence
of wage curves in only a handful of cases (Nijkamp and Poot 2005). For example, the
unemployment elasticity of pay was not found to be statistically different from zero
in the case of Romania (Iara and Traistaru 2004) and in the Nordic labour markets
(Albæk et al. 2000). RegardingGreece, Livanos (2010) usingmicro-data for the period
2000–2004 also failed to identify a wage curve once controls for time and regional
fixed effects were included in the estimated models.

For analytical purposes we utilize micro-data drawn from the Greek Labour Force
Survey (LFS, hereafter). Our empirical strategy pertains to the estimation of typical
empirical specifications of the wage curve (Blanchflower and Oswald 1994, 1995)
as well as models that take into account the dynamic nature of regional wages (Bell
et al. 2002). More specifically, we estimate a wage curve specification for the entire
period using typical least squares estimators 2SLS-IV techniques that control for
the endogenous character of regional unemployment rates (using past realizations of
one and two period lags) and fixed-effects panel estimation techniques. The obtained
herein least squares estimates suggest that the impact of regional unemployment on
real wages is −0.016; the 2SLS-IV estimates are higher (almost double) but less
consistent while the regional panel estimates are found to be practically zero. In the
process, we present evidence on the macroeconomic adjustment of real wages to
the national unemployment rate. For the examined period (1999–2014), our findings
suggest that while real wages do not seem to respond to the changing local labour
market conditions, they do respond to the deteriorating macroeconomic environment.
Thus, for identification purposes, we continued the analysis by allowing the wage
curve to differentiate with respect to time as well as to several sources of observed
heterogeneity (i.e. different intercepts and heterogeneous slopes).

In order to test for different intercepts and slopes in the uncovered wage curve, we
estimated least squares models (with centring) augmented by a full set of interaction
terms between the demeaned regional unemployment and (a) individual characteristics
and (b) period-specific effects. As expected, real wages are characterized by differ-
ent intercepts across different groups of workers. We also found that real wages do
not seem to react homogeneously to the changing local labour market conditions. In
particular, real wages are decreasing due to higher regional unemployment mostly for
private sector employees, permanent and prime-age workers, males, with low educa-
tion and those residing in non-urban areas. In order to account for different intercepts
in the wage curve due to the aforementioned policy initiatives introduced in the post-
2009 period, we constructed period-specific indicators for (a) the 1st round of public

4 Nijkamp and Poot (2005) reported that this elasticity is around −.070 after performing a meta-analysis
using numerous wage curve studies.
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sector pay cuts (2010Q1), (b) the 2nd round of public sector pay cuts, the labour
market reforms associated with the MoU and the period during which a large number
of collective sectoral agreements became ineffective (2010Q2–2011Q3) and (c) the
decentralization of the collective bargaining system, the minimum wage legislation
and the second adjustment program of the Greek economy (2011Q4–2014Q4). We
identified that real wages also have different intercepts across time periods. In par-
ticular, the horizontal reduction in real wages was found to be 10.4% in the period
2010Q2–2011Q3 and 9.1% in the period 2011Q4–2014Q4. In this context, we found
a wage curve with an elasticity of−0.088 only for the period 2010Q2–2011Q3. Given
the stronger link between private sector wages and local labour market conditions,
we next examined how the effect of the increasing regional unemployment on real
wages evolved in both sectors (public and private) as the Greek debt crisis unfolded.
We found that workers in regions with increasing unemployment earn systematically
less if they work in the private sector while the effect became greater as the crisis
deepened. The findings were consistent with those obtained in the preceding analysis
and highlight the importance of the deteriorating local labour market conditions and
the sector of employment in the identification of the wage curve.

The remainder of the paper is organized as follows. Section 2 presents the utilized
dataset, and Sect. 3 outlines the adopted econometricmethodology. Section 4 discusses
the estimation results, and conclusions are given in Sect. 5.

2 Data

We draw individual data from the Greek Quarterly LFS, provided by the Hellenic
Statistical Authority (EL.STAT), covering the period 1999Q1–2014Q4. The LFS data
contain detailed information on individual characteristics such as, four age groups (15–
29, 30–44, 45–54 and 55–64), three groups of completed education (primary school,
secondary school and tertiary education), gender (males vs. females), country of birth
(natives vs. foreign-born), marital status (married vs. unmarried/divorced/widowed),
ownership type of the workplace (central government vs. enterprises in the pri-
vate/public sectors),5 type of labour contract (temporary vs. permanent), 92 sectors at
the two-digit level of industrial classification (STAKOD-91 and NACE Rev.2 for the
periods before and after 2008, respectively), 54 occupational dummies at the two-digit
level of occupational classification (STEP-98 and STEP-08 for the periods before and
after 2011, respectively), three groups of the degree of urbanization of the current res-
idence (urban, semi-urban, rural) and net monthly earnings reported in income bands.
Hourly wages are calculated by dividing the midpoint of each income band by the
usual monthly hours of work (usual weekly hours/usual days per week×22 days per
month), deflated by the consumer price index (2009 = 100). The range of the income
bands is 250 euros corresponding to eight distinct categories. These approximations
are expected to decrease variability and increase measurement errors; however, they

5 We define two groups for the sector of employment (public and private). The first includes employees
in central government, public utilities, public organizations and the local administration while the second
includes employees in partially owned public enterprises, the banking sector and the private sector.

123



64 J. Daouli et al.

constitute the only alternative viable measure of individual wages and they have been
shown to provide robust estimates of Mincer equations (Christopoulou andMonastiri-
otis 2014, 2015).6 After removing observations with missing values on key variables,
we are left with a sample of around 800,000 individuals clustered in 15 regions over a
16-year period (64 quarters). Survey weights are provided by the EL.STAT. The quar-
terly unemployment rate is calculated for each region using LFS data and according to
the ILO definition. The most disaggregated level at which regional information is pro-
vided is the NUTS-II level, where fifteen distinct administrative regions are identified.
Descriptive statistics on key variables are available from the authors upon request.

3 Econometric methodology

3.1 Static model

In order to estimate the regional unemployment elasticity of wages, we begin by using
the empirical wage curve specification as it was originally proposed by Blanchflower
and Oswald (1995). The natural logarithm of the current regional unemployment rate
enters as an additional explanatory variable in standard à-la- Mincer wage generating
functions, alongside controls for observed individual characteristics, regional, period
and time fixed effects. The estimated model is of the following form:

lnwirt = α + β lnUrt + γ k Xk
irt + ζ τ�τ

t + δt + πr + uirt (1)

where β is the coefficient of interest measuring the elasticity of individual hourly
wages with respect to the regional unemployment rate (Urt), Xk

irt is the controls for
k individual characteristics (gender, country of origin, marital status, age, education,
urbanization, sector of employment, temporary job, industry and occupation), �τ

t
is a set of τ period-specific dummy indicators (1999Q1–2009Q4, 2010Q1, 2010Q2–
2011Q3 and 2011Q4–2014Q4), δt and πr are indicators removing bias stemming from
group effects which are common across time and regions, respectively, and uirt is the
remaining disturbance term. We note that the inclusion of regional dummies ensures
that the effect of regional unemployment on wages is net of permanent interregional
wage differentials; hence, the estimated value of β shows how wages respond to the
transitory component of regional unemployment (Card 1995). This benchmark model
is estimated by least squares methods (OLS) using survey weights. The standard errors
have been corrected for clustering at the regional level in order to control for variance
components that are common for individuals observed in the same region, and they
cannot be attributed to the explanatory variables (Moulton 1986). Given that several
authors (e.g. Blanchflower and Oswald 1995; Baltagi et al. 2009; Baltagi and Blien
1998) have raised concerns regarding the endogeneity of the unemployment variable
in the wage equation, we also estimate Eq. (5) by using a two-stage least squares
estimator (2SLS) where regional unemployment rate is instrumented by its own past
realizations (one-year and two-year lagged values).

6 A number of robustness checks using interval regression techniques have led to the same results.
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In order to examinewhether thewage curve is homogeneous across different groups
of workers (e.g. Blanchflower and Oswald 1995; Baltagi and Blien 1998; Baltagi et al.
2009, 2013; Livanos 2010), we present estimates of a model with interaction terms
between the lnUrt and (i) the kth variable of the X set of independent variables, (ii) the
period-specific dummy indicators �τ

t . This approach may facilitate the choice among
competing theories of the wage curve, since according to the literature, the fact that
the wage curve is steeper for women and younger workers can be attributed to the
operation of internal labour markets and the lower human capital levels of younger
and less senior workers (Card 1995). In addition, we examine whether the slope of
the wage curve is different across time periods and especially during those where
significant reforms affecting the wage formation in the post-2009 period in Greece
were introduced. Empirical evidence suggests that in the case of Italy Devicienti et al.
(2008) the wage curve could only be identified after 1993, when a series of reforms
were implemented in order to make wages more sensitive to contemporaneous labour
market conditions. In our case, the period-specific dummy indicators�τ

t concern (a) a
short period in which public sector pay cuts were implemented (2010Q1), (b) a longer
period of additional public sector pay cuts, labour market reforms and expired collec-
tive sectoral agreements (2010Q2–2011Q3) and (c) a period in which the collective
bargaining system was decentralized, the reduced minimum wage was applied and
the second adjustment program of the Greek economy was implemented (2011Q4–
2014Q4). The partial effect of regional unemployment on real wages is β + γ k , and
it pertains to the interaction term of the regional unemployment with the kth variable.
We note that the interpretation of the partial effects of the kth variable in X and the τ th
indicator in � requires the re-parameterization of Eq. (1) by using the demeaned vari-
able lnUrt−μlnU whereμlnU is the populationmean of lnUrt (Wooldridge 2010). For
example, the estimated effect of the τ th period indicator on � refers to the population
average partial effect, i.e. ζ τ + βμlnU .

3.2 Dynamic model

The previousmodel ignores the dynamic aspects of thewage formation process.More-
over, while it controls adequately for cross-sectional variation in real wages, it does
not control for the time-varying regional heterogeneity which can also be an important
factor of downward wage pressure. As pointed out by Bell et al. (2002), these time-
varying regional indicators are not easily observed and their number can be quite large.
They propose the construction of a regional-level panel so that the relationship between
wages and unemployment can be identified through time series variation. At the first
stage of their method, they generate ameasure of regional wages that has been adjusted
for individual composition effects. This can be done in two ways (Baltagi et al. 2009;
Longhi 2012; Brown and Taylor 2014). The first one is to include controls for region-
specific fixed effects and pertains to the estimation of awage regression for each year t :

lnwir = σ + γ Xir + πr + υir (2)

where the estimated coefficients of πr are the “composition corrected” wages for each
region r . These values are used as the dependent variable in the second stage (namely
δ̂rt).
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The second way is to include controls for time-specific fixed effects and pertains to
the estimation of a wage regression for each region r :

lnwit = θ + γ Xit + δt + εit (3)

where the estimated coefficients of δt for each region r are used as the wage measure
(namely, δ̂rt) in the second stage. We note that Eqs. (2) and (3) are estimated by least
squares due to the cross-sectional design of the LFS although optimally, one should
eliminate any individual fixed effects using longitudinal data. Given the estimates
obtained from either Eq. (2) or (3), we can now estimate whether regional unemploy-
ment rates are correlated with these composition-corrected effects. For each one of
these two alternative measures, we estimate the following model:

δ̂rt = ν + β1Urt + β2δ̂rt−1 + ζ τ�τ
t + ξTrt + δt + πr + ωrt (4)

which is a dynamic regional panel data model whereUrt controls for the contempora-
neous regional unemployment rate, �τ

t is a set of τ period-specific dummy indicators
(1999–2009, 2010–2011 and 2012–2014), Trt corresponds to region-specific linear
time trend (in quadratic form) proxying systematic region-specific wage pressures
(e.g. due to unobserved labour quality, unionization, rent sharing, product market
competition etc.) and ωrt is the error term. Furthermore, a lagged dependent variable
δ̂rt−1 is also included to control for inertia in the wage adjustment process. Equa-
tion (4) is estimated for the entire period (1999–2014) since estimating it for shorter
sub-periods can result in biased estimates of the coefficient of the lagged dependent
variable of order 1/T (Nickell 1981). Nevertheless, this model provides evidence
regarding the wage curve elasticity for the entire period and it is fairly comparable
to the model that employs individual-level data. For the estimation of these models,
we use the fixed-effects (FE) estimator where the prevailing regional unemployment
rate is treated as exogenous. For comparison purposes, we also use a fixed-effects
instrumental variable (FE-IV) estimator where regional unemployment is treated as
endogenous and it is instrumented with its one-year lagged values.

3.3 Differentiated wage curve across periods and sectors

Real wages and regional unemployment may not vary only across regions and time
but also across sectors of employment. In addition, certain reforms affect only private
sector workers (e.g. collective bargaining and national minimum wage reductions). In
this context, we investigate whether private sector workers (Pirt) in regions with higher
unemployment earn relatively lower wages and whether the intensity of this effect
varies during the crisis. Using interaction terms between regional unemployment,
sector of employment and time period indicators will enable us to isolate the effect of
the prevailing local labour market conditions from that of other potential confounding
factors. Focusing on the demeaned regional unemployment rate (i.e. lnUμ

rt = lnUrt −
μlnU ), we estimate the following specification:
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lnwirt = α + β1 lnU
μ
rt × Pirt + βτ

2 lnU
μ
rt × Pirt × �τ

t + γ k Xk
irt + δt + πr + uirt

(5)

The main coefficient estimate of interest is that of the triple interaction term (lnUμ
rt ×

Pirt × �τ
t ). This term indicates whether the sensitivity of private sector wages with

respect to the deteriorating local labour market conditions, as the latter are captured
by the regional unemployment, has intensified during the crisis period. The estimated
coefficients of the triple interaction terms indicate whether any negative effects on real
wages (caused by the adopted labour market reforms in the post-2009 period) were not
only stronger in regions with tighter labour markets but they exclusively concerned
the private sector.

4 Estimation results

4.1 Cross-sectional wage curve

Table 1 presents the estimated results (of Eq. 1) regarding the determinants of real
wages in Greece for the entire period (1999Q1–2014Q4). The OLS estimates indicate
the presence of a rather weak wage curve elasticity in the Greek labour market over
the examined period and after controlling for observed individual heterogeneity as
well as for time and region fixed effects (Column 1, Panel A). Its size suggests that a
hypothetical doubling of the unemployment rate in a given region will result, ceteris
paribus, in a mean reduction of approximately 1.6%. This estimate is well below the
empirical law of 10.0%, suggested by Blanchflower and Oswald (1995) and outside
the range of wage elasticities in continental European economies (Nijkamp and Poot
2005). In the process, we found that workers in the private sector earn, on average,
almost 12% lower real wages than their counterparts in the public sector and that
workers with temporary contracts earn lower wages, by around 11%, in comparison
with those with permanent jobs. In addition, male wages are 8.1% higher than female
ones, the wages of foreign-born individuals are lower than those earned by native-
born by 8.5%, the wages of married workers are 7.6% higher than those earned by
unmarried/divorced/widowed, older workers earn higher wages than younger ones,
more educated workers earn higher wages and lastly, workers residing in rural areas
earn slightly lower (1.2%) wages than those living in urban areas.

Column 2 of Table 1 (Panel A) presents coefficient estimates when controls for
period-specific effects are included as additional arguments. We observe that the esti-
mated slope of the wage curve is now not statistically different from zero (−.010).
Furthermore, the estimated coefficients of the period-specific variables indicate that
the formation of wages in the period 1999–2014 follows different paths (i.e. differ-
ent intercepts). In particular, real wages in the post-2009 periods appear to follow
a decreasing path. For example, in the period 2011Q4–2014Q4 real wages are, on
average, 8.4% lower than those in the pre-2010 period.

Panels B and C of Table 1 present 2SLS-IV estimates of Eq. (1) when the regional
unemployment rate is treated as an endogenous variable. Instrumenting the contempo-
raneous regional unemployment rate by its past realizations (1-year and 2-year lagged
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Table 1 Regional unemployment elasticities of real wages in Greece

Variable [1] [2]

e.c. s.e. e.c. s.e.

Panel A OLS

Regional unemployment (ln) −.016c .008 −.010 .007

Period 2010Q1 – – −.021c .011

Period 2010Q2–2011Q3 – – −.048a .011

Period 2011Q4–2014Q4 – – −.084a .011

Private sector −.120a .007 −.120a .007

Temporary job −.110a .009 −.111a .009

Male .081a .002 .081a .002

Foreign-born −.085a .005 −.085a .005

Married .076a .003 .076a .004

Age 30–44 .114a .006 .114a .006

Age 45–54 .202a .007 .202a .006

Age 55–64 .210a .008 .210a .007

Secondary education .056a .003 .055a .003

Tertiary education .112a .006 .112a .005

Semi-urban −.003 .007 −.003 .013

Rural −.012c .006 −.012c .006

R2 .483 .483

Observations 874,218

Panel B: 2SLS-IV (Instrument: 1-year lag)

Regional unemployment (ln) −.033b .017 −.026c .016

First-stage

Regional unemployment (ln): t − 1 .626a .036 .612a .042

Observations 813,366

Panel C: 2SLS-IV (Instrument: 2-year lag)

Regional unemployment(ln) −.038b .018 −.031c .017

First-stage

Regional unemployment (ln): t − 1 .626a .028 .603a .028

Regional unemployment (ln): t − 2 .001 .052 .012 .052

Observations 751,686

Source Labour Force Survey (LFS), Hellenic Statistical Authority (EL.STAT)
The sample corresponds to salary workers in the period 1999Q1–2014Q4. The dependent variable is the
ln real hourly wage. All specifications also control for occupation, industry, region, year and quarter. All
regressions are weighted using the survey weights provided by the EL.STAT. e.c. estimated coefficient, s.e.
standard error. Standard errors are corrected for clustering by region
a−cStatistical significance at the 1, 5 and 10% levels, respectively
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Fig. 2 Macroeconomic adjustment of real wages in Greece. Source Labour Force Survey (LFS), Hellenic
Statistical Authority (ELSTAT) and authors’ calculations. Notes In the vertical axis, we measure the esti-
mated yearly effect (Eq. 1, column 1, Table 1). The horizontal axis measures the national unemployment
rate.

regional unemployment), we observe that the slope of the wage curve is between−.03
and−.04 (Column1) and it drops below−.03when the additional period-specificfixed
effects are taken into consideration (Column 2). Nevertheless, these estimates should
be interpreted with caution since the identified wage elasticities and their estimated
standard errors are twice as large as the OLS estimates.

We also caution that the absence of a systematic strong relationship between wages
and regional unemployment in the Greek labour market should not be interpreted as
evidence of wage inflexibility during a period of skyrocketing unemployment. What
the obtained results imply so far is that regional variation in wages is practically
absent. However, as Fig. 1 clearly shows, real wages are falling during the Greek
debt crisis indicating that the wage adjustment is a relatively uniform outcome with
lack of regional wage variation. In an attempt to clarify the observed wage reaction,
we present at Fig. 2 the relationship between the estimated coefficients of the year
dummies (corresponding to Column 1 of Table 1) and the national unemployment rate.
Indeed, the macroeconomic adjustment of real wages is profound (net of individual
and regional characteristics), a finding that can be explained in a wage-setting curve
framework. Thus, during the period 1999–2014, real wages do not seem to respond to
the varying local labour market conditions, but they do follow horizontally a negative
path as the economic conditions deteriorate over time.

4.2 Dynamic regional wage curve

Regarding the wage curve elasticity in the entire period under examination, we also
provide in this subsection evidence based on a two-stage procedure proposed by Bell
et al. (2002). Table 2 presents the results from a fixed-effects (FE) estimation of Eq. (4)
using two alternative measures of composition-corrected wages. Columns [1] and [2]
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present the estimated results of the region adjusted wages, derived from estimating
at the first-stage wage regressions for each year. The correlation between regional
unemployment and wages appears to be practically zero, using either a fixed-effects
(FE) estimator or an instrumental variables fixed effects (FE-IV) estimator (i.e. treating
regional unemployment as an endogenous variable). In both cases, wages exhibit a
weak autoregressive nature (around .13) which does not support the existence of a
Phillips curve relationship in the Greek economy, since the estimated coefficient of
the lagged dependent variable is far from unity. This result is due to the inclusion
of a region-specific time trend which denotes the presence of strong inertia in the
composition of wages within regions. Furthermore, the estimated coefficients of the
period-specific dummies indicate that the regional differences in the composition-
corrected wages exhibit a horizontal downgrading (around 3%) in the period 2010–
2011 (compared to 1999–2009).

These results are almost identical with those presented at Columns [3] and [4]where
the dependent variable corresponds to the wage measure obtained after estimating
wage regressions for each region. Again, we found no significant evidence for a wage
curve relationship while the estimated coefficient of the lagged dependent variable is
now larger (around .19). The results remain unaffected after instrumenting regional
unemployment by its one-year lagged value (FE-IVmodels).With regard to the effects
of the period-specific dummies, we observe that composition-corrected wages do not
exhibit any differentiated profile between time periods. Overall, the results of Table 2
provide further support for the argument that the Greek labour market is rather non-
responsive to the contemporaneous regional labour market conditions while the wage
formation process at the regional level is rather stable across time, as indicated by
the strong region-specific trend. Similar conclusions have been reached by numerous
studies which suggest that Greece belongs to the group of EU countries exhibiting a
high degree of downward wage rigidity (e.g. Knoppik and Beissinger 2009; Fabiani
et al. 2010).

4.3 Wage curve with different slopes

In this subsection, we proceed in three steps. First, we present least squares estimates
for versions of Eq. (1) with interaction terms in order to detect whether the slopes of
the wage curve vary among different groups of workers. In this case, we estimate sep-
arate regressions augmented with interaction terms involving the demeaned regional
unemployment rate and a specific independent variable each time, using the sample of
workers for the entire period (19991Q1–2014Q4). Secondly, we present least squares
estimates of Eq. (5) focusing on the estimated coefficient of the double and triple
interaction effects between regional unemployment, private sector employment and
period-specific indicators. Lastly, using a more flexible specification (along the lines
of Eq. 5) we illustrate how the effect of regional unemployment on real wages evolved,
as the Greek debt crisis unfolded, by allowing the effect of regional unemployment
on the composition of real wages to vary non-linearly over time.

Table 3 presents the estimation results which correspond to the first step. Column
[1] presents the average partial effect of the variable of interest when regional unem-
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Table 2 Dynamic regional wage curves in Greece

Variables Region Time
Adjusted wages Adjusted wages

FE FE-IV FE FE-IV
[1] [2] [3] [4]

Regional unemployment (ln) .007 .017 .004 .010

(.008) (.020) (.010) (.022)

Lagged dependent variable .135c .129c .194b .190b

(.070) (.074) (.070) (.074)

Region-specific trend .904a .909a .843a .842a

(.071) (.121) (.067) (.111)

Period 2010–2011 −.028a −.032a −.008 −.010

(.007) (.011) (.006) (.014)

Period 2012–2014 .014 .005 −.016 −.021

(.009) (.019) (.010) (.022)

First-stage results. Instrumented variable: regional unemployment (ln)

Instrument: regional unemployment (ln), 1-year lag

Regional unemployment (ln): t − 1 – .512a – .508a

– (.061) – (.061)

Source Labour Force Survey (LFS), Hellenic Statistical Authority (EL.STAT)
Number of observations: 240 (15 regions over 16 years, 1999–2014). We present estimated coefficients
based on models that are estimated using a fixed-effects (FE) estimator. All specifications include year
dummies. Regional wage measures were obtained after the estimation of individual-level wage regressions,
as in Table 1 (column 1). The FE-IV models instrument the current unemployment rate with its one-year
lagged values. Standard errors in parentheses have been corrected for clustering by region
a−cStatistical significance at the 1, 5 and 10%, respectively

ployment takes its mean value. This effect actually constitutes a test of whether real
wages have different intercepts between different groups of workers. In Column [2],
we present the partial effect of regional unemployment on real wages for various
groups of workers. This can be viewed as a test for the existence of different slopes in
the wage formation process. Column [3] presents the value of the F-test for the joint
statistical significance of the interacted terms in question. Regarding the interaction
between regional unemployment and period dummies, we observe that real wages are
falling by 10.4 and by 9.1% in the periods 2010Q2–2011Q3 and 2011Q4–2014Q4,
respectively (compared with the pre-2010 period). With regard to the heterogeneous
slopes of thewage curve, we observe that only statistically significant result is obtained
when the interaction concerns the overall regional unemployment rate and the period
dummy of 2010Q2–2011Q3. We note the proximity of this elasticity (−.088) to the
empirical law (−.100). Thus, real wages in Greece are falling horizontally in the post-
2010 period and they react to the deteriorating local labour market conditions only in
the period 2010Q2–2011Q3.

With regard to the interaction term between regional unemployment and private
sector employment, we observe that real wages in the private sector are 13% lower
than those in the public sector while the estimated slope of the wage curve is statis-
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Table 3 Intercepts and slopes of the wage curve for various groups of workers in Greece

Interaction term Intercept Slope Interaction term
joint significance

[1] [2] [3]

Regional unemployment (ln) × e.c. s.e. e.c. s.e. F-test

Period 1999Q1–2009Q4 ref. −.005 .007 287.48a

Period 2010Q1 .017 .024 .011 .023

Period 2010Q2–2011Q3 −.104a .017 −.088a .025

Period 2011Q4–2014Q4 −.091a .019 −.016 .052

Public sector ref. −.008 .011 188.46a

Private sector −.131a .016 −.020a .008

Permanent job ref. −.019c .010 73.69a

Temporary job −.086a .012 .003 .011

Male .049a .006 −.030a .008 364.95a

Female ref. .002 .009

Foreign-born −.087a .006 −.018b .008 90.18a

Native-born ref. −.016c .008

Married .076a .004 −.017c .009 247.10a

Not married ref. −.017c .008

Age 15–29 ref. −.011 .006 1018.52a

Age 30–44 .100a .009 −.024b .009

Age 45–54 .198a .011 −.014 .010

Age 55–64 .226a .017 .006 .010

Primary education ref. −.027a .007 113.59a

Secondary education .065a .011 −.018c .009

Tertiary education .132a .015 −.008 .012

Urban ref. −.014 .010 6.25a

Semi-urban −.009 .013 −.020b .008

Rural −.024b .011 −.026a .007

Source Labour Force Survey (LFS), Hellenic Statistical Authority (EL.STAT)
The sample corresponds to salary workers in the period 1999Q1–2014Q4. The dependent variable is the ln
real hourly wage. The estimated interaction effects correspond to separate regression lines where demeaned
regional unemployment is interacted with a specific indicator denoting certain groups of workers (i.e. one
regression with interaction terms for every group of workers). All specifications include controls for gender,
country of birth, marital status, age, education, urbanization, type of contract, occupation, industry, region,
year and quarter. All regressions are weighted using the survey weights provided by the EL.STAT. e.c.
estimated coefficient, s.e. standard error. Standard errors are corrected for clustering by region
a−cStatistical significance at the 1, 5 and 10% levels, respectively

tically significant only in the private sector. In this case, the slope of the wage curve
is −.020 implying that the doubling of regional unemployment is associated with
a 2% reduction in real wages of private sector employees. Regarding the estimated
interaction effect of regional unemployment with the indicator of temporary contracts,
we observe that workers with temporary jobs earn lower wages than those with per-
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manent contracts (−.086) and the wage curve elasticity for workers with permanent
contracts is −.019. With regard to the interaction between regional unemployment
and the gender indicator, we found that a male wage premium of 4.9% does exist,
but the worsening of the local labour market conditions affects exclusively the wages
of male workers (−.030). Foreign-born workers are paid less than their native-born
counterparts, but the increasing regional unemployment rate induces wage reductions
in the same magnitude for both groups. The same finding applies for the interaction
term between regional unemployment and the indicator for marital status. Further-
more, the wages of older workers are higher than younger ones, but the slope of the
curve could only be identified in the case of prime-age workers (age group of 30–44).
Thus, younger workers are not only paid less, but they bear additional burden due to
the wage adjustments associated with the deteriorating local labour market conditions.
With regard to the interaction term between schooling and regional unemployment,
we found that more educated workers are paid more than low educated ones while
the wage curve elasticity is −.027 for workers of primary education and −.018 for
workers with secondary education. Lastly, workers living in rural areas are paid less
and their wage curve elasticity is −.026.

Overall, allowing for a more flexible regression specification of the wage curve we
are able to provide strong evidence for the existence of a highly diversified profile
between regional unemployment and real wages. Furthermore, the use of period-
specific effects provides evidence in support of the differentiated impact of regional
unemployment on realwages before and after the outburst of theGreek debt crisis. This
exercise also enabled us to identify themacroeconomic adjustment of real wages in the
examined period, 1999–2014, in terms of different intercepts between time periods. At
the same time, the obtained results indicate the presence of real wage responsiveness
to the deteriorating local labour market conditions in the period 2010Q2–2011Q3.

The estimated results of Eq. (5) are presented in Table 4. Column [1] reports the
estimated coefficients of the triple interaction term (lnUμ

rt × Pirt × �τ
t ). The results

indicate that private sector wage reductions, due to the increasing regional unemploy-
ment rates, intensified in the period 2010Q2–2011Q3. This finding remain valid when
we added a wide set of observed individual characteristics (Column 2). Thus, our
findings suggest that the differential response of real wages across regions and sectors
of employment as well as the adoption of specific labour market reforms are important
factors for identifying the wage curve.

Lastly, in an attempt to illustrate the short-run effects of the deteriorating local labour
market conditions on the structure of real wages, we proceed further by relaxing the
assumption that the crisis resulted in a one-shot change in realwages.More specifically,
we examine how the effect of local unemployment rates on real wages evolved as
the Greek debt crisis unfolded. To do this, we employ a more flexible regression
specification (Eq. 5) where a full set of quarter dummies is utilized—instead of the
period-specific indicator—and we interact each quarter dummy with the product of
the regional unemployment and the private sector employment. We plot the obtained
coefficient estimates against time (quarters) in Fig. 3. Two linear regression trend lines
emerge for the pre- and post-2010Q2 periods. We observe that despite the quarterly
volatility, the coefficients of the interactions between regional unemployment and
private sector are everywhere negative. This reinforces our earlier finding that private
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Table 4 Regional unemployment elasticities of real wages across periods and sectors

Variable [1] [2]
e.c. s.e. e.c. s.e.

Regional unemployment (ln)

×private sector −.005 .019 −.010 .018

Regional unemployment(ln) × private sector

×Period 2010Q1 −.030 .072 −.030 .071

×Period: 2010Q2–2011Q3 −.111a .025 −.110a .023

×Period: 2011Q4–2014Q4 −.068 .060 −.063 .049

Individual specific effects No Yes

R2 .423 .484

Observations 874,218

Source Labour Force Survey (LFS), Hellenic Statistical Authority (EL.STAT)
The sample corresponds to salary workers in the period 1999Q1–2014Q4. The dependent variable is the ln
real hourly wage while the measure for regional unemployment refers to the demeaned regional unemploy-
ment rates. The set of individual effects includes controls for gender, country of birth, marital status, age,
education, urbanization and type of contract. All specifications include controls for occupation, industry,
region, year and quarter. All regressions are weighted using the survey weights provided by the EL.STAT.
e.c. estimated coefficient, s.e. standard error. Standard errors are corrected for clustering by region
a−cStatistical significance at the 1, 5 and 10% levels, respectively
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Fig. 3 Estimated impact of regional unemployment on real wages across sectors and time (quarters) in
Greece, 1999–2014. Source Labour Force Survey (LFS), Hellenic Statistical Authority (ELSTAT) and
authors’ calculations. Notes The vertical axis depicts estimated coefficients of the triple interaction term
(Eq. 5). Two linear trend lines for these coefficients are plotted, one for the period 1999Q1–2010Q1 and
another for the period 2010Q2–2014Q4

sector workers in regions with increasing unemployment rate systematically earn less.
In addition, our findings provide clear evidence that the importance of the local labour
market conditions in the composition of real wages increased dramatically as the crisis
deepened. Furthermore, we observe a pronounced break around 2010Q2, the quarter
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in which significant reforms introduced in the functioning of the Greek labour market.
We note that this is consistent with the core results obtained from the estimation of
Eq. (5).

5 Conclusions

Using micro-data drawn from the Greek LFS for the period 1999–2014, we performed
a detailed investigation of the wage curve relationship in the Greek labour market.
Adopting either static individual or regional dynamic model specifications, a wage
curve relationship does not seem to be in operation in the Greek labour market in
the examined period. This basic finding appears to be robust to alternative modelling
strategies which treat regional unemployment as an endogenous variable (2SLS-IV).
However, using more flexible specifications of the wage curve by interacting regional
unemployment with individual characteristics and time periods, we uncovered a het-
erogeneous profile in the wage responsiveness to local labour market conditions. In
particular, the slope of the wage curve is steeper for private sector employees, perma-
nent job holders, males, younger, low educated and for workers residing in non-urban
areas. Moreover, we provide clear evidence for a substantial, albeit horizontal, real
wage adjustment to the deteriorating macroeconomic conditions. Given that in the
examined period numerous public policy initiatives have been implemented, in an
effort to stabilize the Greek economy and improve its competitiveness, we found that
real wages seem to respond to the changing regional unemployment rates (−.088)
only in the period 2010–2011.

Given that real wages and regional unemployment vary across regions and time and
given that certain reforms affect only private sector workers (e.g. collective bargaining
and national minimumwage reductions), we examined whether workers in the private
sector employed in regions with higher unemployment earn relatively lower wages
and how the intensity of this effect varies in the crisis period. Using interaction terms
between regional unemployment, sector of employment and time period indicators
enabled us to isolate the effect of the prevailing local labour market conditions from
that of other potential confounding factors. Our findings suggest that the differential
response of real wages across regions and sectors of employment as well as the adop-
tion of specific labour market reforms are important factors for identifying the wage
curve. In particular, private sector workers in regions with increasing unemployment
rate systematically earn lower wages and this is more pronounced in the post-2009
periods when the aforementioned labour market reforms were implemented.

Nevertheless, our findings should be viewed with some caution given that the
cross-sectional character of the LFS database does not allow us to explicitly deal
with potential biases related to the various sources of time-invariant unobserved het-
erogeneity. It is clear that longitudinal data at the individual level could be more
appropriate for establishing causality.

From a policy perspective, our results are in agreement with the widely held view
that more elastic wage curves are associated with more flexible labour markets (Gregg
et al. 2014). As far as the public sector is concerned, our results indicate that the wage-
setting mechanism could be a more appropriate analytical framework for studying the
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macroeconomic adjustment of public sector wages. On the other hand, given that the
labourmarket of the private sector is more flexible and still in a transitory phase, public
policy should focus on the implementation of measures that promote decentralized
collective bargaining and reinforce the links between wages and local labour market
conditions. Lastly, future research should focus on the investigation of the determinants
regarding the longevity of the wage curve in the Greek labour market as more recent
data become available.
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