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O1 EMATAOGELS TOV AVOPAOTIVOV KEPUAAIOV GTN TEYVIKY] UTOTEAECUATIKOTN T
Avé@ivon 6g KMAOOVG TNG EAANVIKNG OLKOVOUTAG PIE TN P10 MLOS GTOYUOTIKIG EV
OVVALEL CVVAPTN OGS TAPAYOYIG

HNEPIAHYH
H x0pla cuvelspopd avtig g HeATng eivat 1 dlepehlvnon TOV EMITTOCEDV OO TN
YPNOMN TOL AVOPOTIVOV KEPOANIOV GTNV TEXVIKN AMOTEAECUATIKOTNTO TOV KAAOMV TNG
eMnviknc owovopiac’. H Siepetvnon g vmddeong avtnic yivetal pe Ty tautdypov
EKTIUNON WIOG OTOYOOTIKNG &V OLVAUEL OUVAPTNONG TOPUY®YNG Kot €VOC
VTOOEIYUATOG  TEXVIKNG OVOTOTEAECUATIKOTNTOG O £ve GUVOAO  OTOTIOTIKOV
dedopévmv mov KoAvmtel 15 povoynelovg kKAddovg, yia tnv mepiodo 2000-2005.

Ta owovouetpwcd amotedéopato Ogiyvouv OTL TO avOpOTIVO KEQAAOLO
CLUUPBAAAEL ONUOVTIKA ©TN HElOON TNG OVOTOTEAECUATIKOTNTAG TOV EAANVIKOV
KAMWOwV. Qot000, @aivetal OTL Ol OPVNTIKEG EMTTMOCELS TOV AVOPOTIVOL KEPAANIOV
OTNV TEYVIKY OVOTOTEAEGLOTIKOTNTO £6TIALOVTOL, KUPIOS GTOV TOUEN TV VINPECIDOV
™G EAMNVIKNG otkovopiag. Ot o amoteAespaTikol KAAJOL TPoEpyovTal, Emiong, amod
TOV TOUED TOV VANPECIOV Kol TePAapuPdvouy avtovg g ekmaidevong, g
YPNUOTOTICTOTIKNG SlOUeCOAAPNoNG Kot TG akivntng meplovoiag, skpicbwong kot

EMYEPNUATIKOV OPAGTNPLOTATOV, Le péon amddoomn ave tov 90%.

2 Me 10V 6pO TERVIKN OTOTELECLATIKOTITO, EVVOEITAL 1) SUVATOTNTO LA OKOVOLIKAC HOVASHC Vol
mapAyEL TO HEYIGTO OLVOTO TUPAYOUEVO TPOIOV LE TN XPNON TOV ELAYIOTOV SLVATOV TAPAYMYIKOV
TOP®V.
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Abstract
In this paper we explore the hypothesis that human capital may have an impact on
technical efficiency. A stochastic production frontier is simultaneously estimated with
a technical inefficiency model using data from one digit industries of the Greek
economy, for the period 2000-2005. The results indicate a significantly negative
relationship between human capital and technical inefficiency. The most efficient
industries of the Greek economy are those of education, financial intermediation and

real estate, renting & business activities.
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1. Introduction

The literature on the relationship between economic growth and human capital
has a long tradition, starting with Schultz (1962) who described how investment in
human capital affects economic growth in the long run. The main theoretical
argument is that investment in education and training makes more efficient the use of
production inputs. A further theoretical argument is that the existence of a well trained
labor force renders the adoption of new technologies easier, which, in turn, leads to
increased productivity and higher rates of economic growth.

There has, also, been a large empirical literature exploring the impact of
human capital on growth, with most of the existing studies having established a
positive and measurable effect. However, a major shortcoming of most of the existing
studies is the implicit assumption that all production units are efficient (Maudos et al.
1998). Non fulfillment of this assumption, however, would raise questions on the
accuracy of these estimates.

The main contribution of this study is that we take account of the presence of
inefficiency effects and that we explicitly explore the effects of human capital on
technical inefficiency of Greek industries. To our knowledge, this study is one of the
few in the relevant literature that studies the growth impact of human capital in the
Greek economy. Greece constitutes an interesting case for examining the growth
impact of human capital, since it has witnessed a rapid increase in its tertiary
education rates, with more than 40% of total labor force having completed their
tertiary studies.

With respect to policy making, the measurement of technical efficiency might
be particularly useful in identifying ways to promote economic growth. A low level of

technical efficiency would imply that higher economic growth could be achieved by
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efficiently producing more output with the same level of inputs. On the other hand, a
highly efficient industry should lie more on technical progress and innovative activity
in order to achieve higher economic growth.

We simultaneously estimate a stochastic production frontier and a technical
inefficiency model across a panel dataset consisting of 15 one digit Greek industries,
for the period 2000-2005. The econometric results indicate that human capital
contributes significantly in reducing inefficiencies of Greek industries. However, it
seems that the negative effects of human capital on technical inefficiency are, mainly
concentrated in the service sector of the Greek economy. The most efficient industries
are, also, from the service sector and include those of education, financial
intermediation and real estate, renting & business activities with average efficiency
scores above 90%.

The rest of this paper is organized as follows. Next section discusses the
relevant theoretical and empirical literature. Section 3 introduces the econometric
specification, while in section 4 the data are described and some descriptive statistics
are presented. Section 5 provides the empirical results and, finally, section 6

concludes.

2. Theoretical background and related literature

The existing theories of economic growth which emphasize the role of human
capital originate from the ideas of Schultz (1971) and Becker (1993). The main
argument in these ideas is that investment in education and training makes more
efficient the use of production inputs. A further argument is that the existence of a

well trained labor force makes easier the absorption and adoption of new
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technologies, the use of which leads to increased productivity and higher rates of
economic growth.,

Both neoclassical, as well as endogenous growth theories have analyzed the
impact of human capital on growth. Mankiw et al. (1992) extended the neoclassical
model of Solow (1956) so as to include the saving rate on human capital and offered
empirical evidence in favor of a significant growth contribution.

With respect to endogenous growth theories, a first group of models point to
the existence of non-diminishing returns (Romer 1986; Lucas 1988), with the
presence of human capital generating positive externalities. A form of human capital
accumulation has been described in the model of learning by doing, which has
become known from Arrow (1962). This model points out that the accumulation of
human capital is the indirect effect of the accumulation of physical capital. More
specifically, over the years, workers learn more efficient ways to use physical capital,
leading to higher technical knowledge and elimination of diminishing returns* °.

A second group of endogenous growth models focus on the results of
innovation on long run economic growth. In Romer (1990), sustained growth is the
result of the existence of one sector of the economy which generates new products
and new ideas. In this model, human capital is the generator of innovation and,
therefore, its existence is essential for long run economic growth. Nelson and Phelps

(1966) have stressed that the ability of a country to absorb new technologies, as well

* Such models assume that there is a kind of interaction between physical and human capital, so that
that the process of human capital accumulation follows that of physical capital accumulation (Lucas
1988).

® In this context, Lucas (1990) tried to interpret the lack of investment capital flows from more
developed to less developed countries, in which the marginal productivity of capital is considered as,
comparatively, higher. Its main argument is that lack of investment flows to poorer countries is due to
comparatively lower stocks of human capital, which in turn lead to less efficient use of fixed capital.
Therefore, taking this into account, it should be true that differences in investment returns between less
and more developed countries should not be considered as too high.
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as to innovate and produce new technologies, depends on the quality and quantity of
its human capital.

Growth theories, based on human capital accumulation, also, argue that
investment in human capital yields social benefits which are higher than their private
returns. Mamuneas and Savvides (1999) have estimated the social return on human
capital investment in Greece and showed that this is higher than its private return.
This difference between social and private returns implies the existence of positive
externalities from the presence of human capital.

There is an extensive literature which studies the growth impact of human
capital. Mankiw et al. (1992) have established a significant contribution of human
capital on growth of income per capita, into a neoclassical growth context. The cross
country empirical findings of Benhabib and Spiegel (1994) and Barro (1998), also,
emphasized the existence of a positive and significant impact of human capital on
growth of countries. Bresnahan et al. (2002) pointed out that a well educated and
trained labor force is essential in attracting and absorbing technology investments,
which in turn lead to technological change and long run economic growth. Bassanini
and Scarpetta (2001) studied the effect of human capital on growth and found a
significant impact across a sample of OECD countries.

Kneller and Stevens (2006) utilized stochastic frontier analysis to investigate
the effects of human capital on technical inefficiency across nine industries of 12
OECD countries, during the period 1973-1991. They showed that technical
inefficiency is negatively associated with the existing levels of human capital.
Maudos et al. (2010) used stochastic frontier analysis and data envelopment

techniques to quantify the growth effects of human capital on OECD countries 1965-
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1990. The results confirmed a positive growth effect of human capital across OECD

countries through the channels of labor productivity growth and technical change.

3. Econometric specification

Farrell’s (1957) pioneering work on the definition of technical efficiency has
led to the development of several methods that measure production efficiency. The
main principle of all methods is that efficiency of production is determined by the
distance of actual production from the best practice production frontier. Two main
methodologies have been used for production frontier estimation and measurement of
technical efficiency: non parametric methods like the data envelopment analysis
(DEA) and stochastic frontier techniques (Seiford and Thrall 1990).

The main advantage of non parametric methods is that they do not impose any
restrictions on production technology. However, the main disadvantage is that such
methods are unable to disentangle inefficiency effects from white noise. In this way,
the efficiency estimates may be biased if the production process is characterised by
stochastic components.

On the other hand, the stochastic frontier methods, which are based on the
work of Aigner et al. (1977) as well as of Meeusen and van den Broeck (1977), are
able to distinguish the error component from the non negative component of
inefficiency®. The main idea is the introduction of an additional error term (besides
white noise) which can be used to model the inefficiency term. However, we should
notice that the stochastic approach has the disadvantage that it assumes the same
production technology across all production units. Furthermore, distributional

assumptions are required for the error, as well as for the inefficiency term.

® Kumbhakar and Lovell (2000) provide a comprehensive overview on stochastic frontier analysis.
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Earlier studies usually followed a two-stage estimation procedure, where the
production frontier and the efficiency measures were estimated at the first stage by
OLS and then the efficiency levels were regressed on a number of explanatory
variables, assumed to influence efficiency. However, this two stage estimation
procedure has several drawbacks. Kumbhakar and Lovell (2000) and Wang and
Schmidt (2002) argue that if the vector of efficiency variables is correlated with the
vector of production function parameters, then the coefficient estimates of the
production function will be biased. Even in the case of no correlation between the
production function and the efficiency variables, the technical efficiency levels are
likely to be spuriously estimated, so that the estimated parameters of the technical
efficiency equation will be biased. In this study, we follow the model specification
proposed by Battese and Coelli (1995). In their setting, the technical inefficiency
model is simultaneously estimated, at one stage, with the stochastic production

frontier model.

3.1 Production frontier modelling

In this study, we will estimate a stochastic production frontier, across 15 one
digit Greek industries, in which the output of an industry is a function of a set of
inputs, inefficiency and random error. For each individual industry we assume a
production technology of a Cobb-Douglas form:

Yie= Ae’ (L) (Kip)'e 0 (1)

The subscripts of i and t denote industry and year respectively, Y measures value
added, A is the level of technology, 4 is the rate of technical change and t is a time
trend which captures technical progress over time. V and U are the two components of

the error structure, which compose the main feature of a stochastic frontier model.
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The first one, Vj; is a ‘standard’ random residual assumed to be independently and
identically distributed as N(0, &) and independent of Ui The later is a nonnegative

random error, associated with technical inefficiency of production and assumed to be

independently distributed of V, . Thus, Ui has an asymmetric distribution equal to the

upper half of the N (0, o2 ) distribution”.

L and K denote the labor and capital inputs, respectively. We measure labor
input as full time equivalent workers, while K is the capital input in each industry,
estimated by perpetual inventory method. The parameters o and g are the value added
elasticities of labor (L) and capital (K), respectively. After taking a logarithmic
transformation, value added in each industry can be expressed as a function of labor
and capital®:

In(Y,) = c+ At+aln( L,)+f In(K, )+V, —U, 2

Following Battese and Coelli (1995), the technical inefficiency effects are
assumed to be a function of a set of explanatory variables z;; and can be defined as:

Uit = zZit 6 + Wit 3)
where zj; is a vector of variables defined in section 3.2 and assumed to influence
inefficiency, while o is the vector of parameters to be estimated. The random variable
Wit is defined by the truncation of the normal distribution.

All parameters included in the stochastic production frontier model (2) and the

technical inefficiency model (3) along with the models’ variances o*=c?+o’ and

" Any deviations from the production frontier may result from factors which lie within the agents’
control, such as technical and economic inefficiencies (Aigner et al. 1977). The frontier itself is
stochastic and can vary randomly across industries or over time due to external shocks, measurement
errors and other factors beyond the agents’ control, all being captured by the stochastic error Vj
(Schmidt and Sickles 1984).

8 It should be noticed that instead of using the value added variable, we could have used the variable of
gross output. In such case, we should have also used as explanatory variables those of intermediate
inputs, which include energy, materials and other services required to produce final output. However,
we considered that value added is a more appropriate variable to measure output, since any output of
intermediate goods consumed within the same sector is also included in the variable of gross output.
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y=c?/(c?+ o) are estimated by using maximum likelihood®. By applying likelihood
ratio tests several hypotheses can be tested. Such an important hypothesis is whether
v=0. A rejection of the null hypothesis that y=0, against the alternative that vy is
positive, implies that deviations from the frontier are due to inefficiency effects.

Following the definition of inefficiency in (3), the technical efficiency level of
industry i at time t results by taking:

TEi: = exp(-Uir) 4)

However, the Ui’s defined in (1) are not observable since they are a portion of the

estimated residuals ¢i;= V,, —U,, . Battese and Coelli (1993) suggest to use as predictor

of the technical efficiency level TE;j its conditional expectation given the random

variable g

TE, = Elexp(-U, )| &, J= {EXD[_ﬂn +%52}{q{%_5}/®[%}} ©)

where @(.) is the distribution function of the standard normal, ¢, =V, —-U,,

/Jit:(1—;/)-{§+Z§jzj]it}yg“ and &> =y(l—y)o®. By replacing the
j=1

unknown parameters in equation (5) with the maximum likelihood estimates, we

obtain estimates of technical efficiency of industry i at time t.

3.2 Inefficiency variables
In this paper we use stochastic frontier analysis to get an insight into the
causes of industry level inefficiencies and look at the impact of human capital.

Though there is a debate with respect to the role of human capital in economic

® The parameter & is the overall variance of the error term, O'VZ is the variance of Vj, while 65 is the
variance of the inefficiency term U;.
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growth™, we will evaluate its impact by testing the hypothesis that an increase in
human capital results in higher levels of technical efficiency (Schultz 1962). The
human capital variable included in equation (3) is measured as the share of hours
worked by high skilled workers with tertiary education.

Equation (3) also includes two dummy variables to control for industry
specific effects. Such variables indicate whether an industry is from the service sector
of the economy and whether an industry is part either of the agriculture or the public
sector. A further variable included in equation (3) is the investment intensity of each
industry, defined as the ratio of gross fixed capital formation to total value added.

The parameters of the production function (2) as well as of the inefficiency
model (3) are estimated simultaneously, at one stage, by maximum likelihood and

using the computer program FRONTIER 4.1, as developed by Coelli (1996).

4. Data and descriptive statistics

The empirical analysis of this paper is based on a panel of 15 one digit Greek
industries (Agriculture, hunting & forestry, Fishing, Mining & quarrying,
Manufacturing, Electricity, gas & water, Construction, Wholesale-retail trade &
repairs, Hotels & restaurants, Transports, storage & communications, Financial
intermediation, Real estate, renting & business activities, Public administration &
defense, Education, Health, Other social services) for the period 2000-2005. The data
regarding value added, employment, expressed in full time equivalent workers and
gross fixed capital formation are based on the ISIC Rev. 3 industrial classification and

were taken from OECD STAN Industrial Database (2011). The data for the human

19 Mankiw et al. (1992) argue that human capital should enter the production function as a separate
input. On the contrary, Benhabib and Spiegel (1994) and Pritchett (2001) argue that human capital
influences growth indirectly through total factor productivity.
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capital variable, proxied by the share of hours worked by high skilled workers with
tertiary education were taken from the EU KLEMS Database (see Timmer et al.
2007).

Initial estimates of capital stocks in each industry for 2000 were taken from
Skountzos and Stroblos (2011). In order to obtain capital stock series for the period
2001- 2005, we have applied the perpetual inventory method, by assuming a 5%
depreciation rate (for more details see Bosworth and Kollintzas 2001) and using gross
fixed capital formation data provided by the OECD STAN Industrial Database.

It should be noted at this point that the choice of period under examination
was based on data availability, especially for the variable of human capital, for which
the data are available only up to 2005. All value variables are expressed in 2000
constant prices. It should be made clear that the choice of industries and time period is
dictated by the availability of data for all variables included in the econometric
analysis. With this in mind, a brief analysis of stylized facts and descriptive statistics
follows in Tables 1 to 3.

In Table 1, we can distinguish a substantial variation in value added per
worker ratios (levels of labour productivity) across industries of the Greek economy.
The most productive industries are those of electricity gas & water and transports,
storage & communications, while the less productive industry is agriculture, hunting
& forestry. In terms of capital deepening, the higher ratios are observed in real estate,
renting & business activities and electricity gas & water and the lowest ones in
construction and wholesale-retail trade & repairs. The industries of wholesale-retail
trade & repairs as well as of real estate, renting and business activities have the
highest value added shares in the Greek economy, while, fishing and mining &

quarrying have the lowest value added shares. Furthermore, the industries of real
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estate, renting and business activities and transports, storage & communications show

the highest investment intensity, while the financial intermediation industry displays

the lowest ratio of investment to value added.

Table 1: Stylized facts of Greek industries

One digit industries Value added Investment
(based on ISIC Rev. 3 . share intensity (Gross
classification system) Value a_d ded per* Capital iStOCk per* (% of total fixed capital
worker (in euros)* | worker (in euros) .
economy value formation as %
added) ** of value added)**
Agriculture, hunting & 14,761.39 68,982.66 5.26 17.17
forestry
Fishing 28,376.78 101,263.79 0.43 25.42
Mining & quarrying 59,445.55 456,652.26 0.52 11.69
Manufacturing 32,777.07 79,117.84 10.28 16.20
Electricity, gas & water 133,809.32 1,356,064.08 243 25.08
Construction 30,042.32 25,826.27 6.75 25.08
Wholesale & retail trade, 20,904.11 30,889.25 16.62 6.74
repairs
Hotels & restaurants 41,566.08 83,312.61 6.99 5.97
Transports, storage & 68,786.58 277,104.16 8.56 52.77
communications
Financial intermediation 52,542.04 46,367.36 461 487
Real estate, renting & 74,302.99 2,030,441.71 15.05 62.61
business activities
Public administration & 26,421.70 285,097.23 8.34 36.56
defense
Education 34,541.84 54,537.88 5.45 9.96
Health 27,369.77 34,835.48 3.86 13.15
Other social services 33,899.89 93,198.80 4.16 25.66

Source: OECD STAN Industrial Database (2011).

*Values for 2005.

**Average for the period 2000-2005.

With respect to human capital, proxied by the share of hours worked by skilled high

workers, we can observe that, except the industries of education and health, the

industries of real estate, renting & business activities and financial intermediation

display the highest shares of hours worked by high skilled workers in 2005 (Table 2).

On the contrary, the industries of agriculture, hunting & forestry and fishing display

the lowest shares of human capital across industries of the Greek economy. We can,

also, distinguish an increase in the share of hours worked by skilled workers between

2000 and 2005 in most industries, with some exceptions existing in mining &
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quarrying, electricity, gas & water and construction. The highest increase is observed
in the industries of financial intermediation, health and public administration &
defense. Finally, selected descriptive statistics for all variables included in the
econometric estimation are shown in Table 3.

Table 2: Human capital in Greek industries
(% share of hours worked by persons with tertiary education)

2000 2005

Agriculture, hunting & 1.02% 1.43%
forestry
Fishing 1.02% 1.43%
Mining & quarrying 15.82% 14.06%
Manufacturing 10.38% 12.61%
Electricity, gas & water 15.82% 14.06%
Construction 5.43% 4.62%
Wholesale_& retail 10.44% 11.54%
trade, repairs
Hotels & restaurants 10.44% 11.54%
Transpor_ts, §torage & 11.26% 13.31%
communications
Financial intermediation 36.18% 42.65%
Eea.' estate, renting & 56.68% 58.29%

usiness activities
Public administration & 35720 41.92%
defense
Education 82.41% 82.73%
Health 48.60% 54.13%
Other social services 14.73% 15.08%

Source: EU KLEMS Database (2007).

Table 3: Descriptive statistics of variables

Variable Definition Obs. Mean Std. Dev. Min Max
Y* Gross value added 90 22.54 1.04 20.14 24.02
K* Capital stock 90 23.71 1.34 21.26 27.04
L* Employment (in full time | 4, 12.02 1.18 9.39 13.71
equivalent workers)
Investment intensity
INV (Gross fixed capital 90 2259 17.16 258 66.22
formation, % of value
added)
Human capital (% of
HUM hours warked by high 90 2441 | 2333 0.97 83.30
skilled persons — with
tertiary education)

*Variables in logs.
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5. Empirical results
5.1 Econometric estimates

Table 4 presents the maximum likelihood estimates of the stochastic
production frontier and the inefficiency model for the panel of 15 one digit industries
in the period 2000-2005. The estimated production function includes the inputs of
labor (L) and physical capital (K), as well as a time trend (t) to proxy for
technological progress. The technical inefficiency equation is simultaneously
estimated using as regressors the share of hours worked by high skilled persons (H)
and a time trend to account for the existence of any time specific effects on technical
inefficiency.

From the reported results in column 1 of Table 4, we can distinguish a
significantly positive effect of physical capital (K) and labour (L) on output, a result
which is plausible and compares well with the results of the relevant literature. The
coefficient on time trend (t) appears to be negative but not statistically significant. To
determine whether deviations from the estimated frontier are due to inefficiency
effects, we test the null hypothesis that y=0, against the alternative that y>0. As it is
evident, the parameter y is significantly different from zero and this implies that
inefficiency effects are present and that we should proceed with the estimation of
parameters related to the sources of inefficiency. With respect to the impact of human
capital (H) on technical inefficiency, the results indicate that a rise in the share of
hours worked by high skilled persons contributes significantly in reducing
inefficiencies in Greek industries.

In column 2, we have included as an additional regressor in the technical
inefficiency equation, the variable of investment intensity (INV) in each industry.

However, its impact although positive, does not seem to be significant. Furthermore,
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the influence of human capital remains significantly negative, as we can see from the

reported results.

Table 4: Maximum likelihood estimates

Production Function
(1) ) @) (4)

coef. t-stat coef. t-stat coef. t-stat coef. | t-stat
c 9.59* 18.27 15.50* 10.65 10.48* 15.08 | 9.18* | 8.37
K' 0.22* 43.40 0.22* 14.25 0.22* 9.42 0.21* | 6.40
L 0.65* 15.46 0.61* 12.37 0.59* 17.36 | 0.74* | 34.04
t 0.02 1.10 0.03 1.34 0.03 1.44 -0.01 | -0.47
Inefficiency Function
c 0.21 0.80 0.18 0.75 0.33 0.79 0.51 1.22
t 0.00 -0.05 0.03 0.97 0.02 0.25 -0.04 | -0.94
H -0.05* -2.60 -0.03* -2.15 -0.003 -0.27 | -0.01* | -5.82
INV 0.00 1.37
di -0.93** -1.78
d2 0.60* | 8.38
o’ 0.27* 4.23 0.09* 5.63 0.25* 2.05 0.06* | 6.12
Y 0.78* 5.37 0.97* 37.40 0.89* 11.11 0.04 0.06
Log
likelihood -21.62 6.59 -17.56 0.73
Observations 90 90 90 90

"See table 3 for the definitions of variables.
* Significant at 5% level of significance.
** Significant at 10% level of significance.

In column 3, we have included in the technical inefficiency equation a dummy
variable (d1) indicating whether an industry belongs to the services sector of the
economy. As we can see from the figures reported in Table 2, the most intensive users
of human capital are the industries of the service sector of the Greek economy. It
would be interesting, therefore, to estimate the impact of human capital on technical
inefficiency, after isolating unobserved heterogeneity related to the diffusion of
human capital across industries of the Greek economy. As we can see from the
reported results in column 3, the estimate of the dummy coefficient, di, is

significantly negative, while the impact of human capital becomes statistically
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insignificant. This finding strongly implies that any negative effects of human capital
on technical inefficiency are, mainly present in the service sector of the Greek
economy.

In the fourth column, we estimate the same model, by having included in the
technical inefficiency equation a dummy variable (d2) indicating whether an industry
belongs to the agriculture or the public sector of the economy. As we can see from the
reported results, the estimate of this dummy coefficient is positive and statistically
significant, indicating the presence of higher inefficiency effects in the agriculture and
public sector part of the Greek economy. The impact of human capital, however,

remains negative and statistically significant.

5.2 Efficiency scores across industries

As explained in section 3.1, we can obtain the predictions of technical
efficiency by using the conditional expectation defined in equation (4). Table 5
presents efficiency measures for each industry of the Greek economy, for the period
2000-2005.

There exist significant disparities in the levels of technical efficiency across
industries of the Greek economy. It seems that the most efficient industries are those
of education, financial intermediation, real estate, renting & business activities and
health, with average efficiency scores above 90%, for the period 2000-2005. On the
other hand, the least efficient industries are those of agriculture, hunting & forestry,
with an average efficiency score at 47.5% and fishing, with an average efficiency
score close to 55%. These efficiency scores confirm the econometric evidence

presented in columns 3 and 4 of Table 4 that the most efficient industries are form the
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service sector and that the least efficient ones come from the agriculture and public

sector part of the Greek economy.

Table 5: Efficiency scores

Average
INDUSTRY 2000 2005 2000-2005
Education 94.39% 94.71% 94.55%
Financial intermediation 94.92% 93.80% 94.36%
Real estate, renting & business
activities 94.01% 92.65% 93.33%
Health 91.18% 91.05% 91.12%
Electricity, gas & water 86.72% 90.62% 88.67%
Transports, storage & communications 81.56% 90.27% 85.91%
Hotels & restaurants 84.50% 86.58% 85.54%
Wholesale & retail trade, repairs 83.16% 87.44% 85.30%
Construction 85.58% 83.76% 84.67%
Manufacturing 81.91% 83.44% 82.68%
Other social services 81.89% 80.67% 81.28%
Public administration & defense 82.13% 79.30% 80.72%
Mining & quarrying 74.75% 75.69% 75.22%
Fishing 55.37% 54.19% 54.78%
Agriculture, hunting & forestry 47.96% 47.31% 47.64%

* Industries are sorted in descending order according to their average efficiency scores.

We can, also, observe a significant increase in the levels of technical
efficiency of the industries of transports, storage & communications (from 81.5% in
2000 to 90.3% in 2005), wholesale, retail trade & repairs (from 83.2% to 87.4%) and
electricity, gas & water (from 86.7% to 90.6%). We can, also, see some reductions in
technical efficiency levels, the highest ones observed in the industries of public

administration & defense and construction.

5.3 Contribution of human capital to efficiency

The predicted technical efficiencies in equation (4) are gross measures which
include the impact of human capital along with the impact of the other factors
considered in the technical inefficiency equation (3). An interesting question that

arises is whether we can decompose these predicted efficiencies by factor. Such
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attempts can be found in the microeconomic literature (Gathon and Pestieau 1995;
Coelli et al. 1999). Based on these ideas, we wish to calculate to which extent human
capital contributes to the improvement of technical efficiency across industries of the
Greek economy.

First we need to evaluate the efficiency levels after we clear out the influences

from the human capital factor. To obtain such measures of net technical efficiency

(net of human capital influences), we replace the term Zéjz in equation (5) with

i1

jiit

min{Zéjz“t —5HH} and recalculate efficiency predictions (Coelli et al. 1999).
j=1

These predictions may be interpreted as net efficiency scores because they involve
predictions of efficiency when all industries are assumed to face identical effects of
human capital (Coelli et al. 1999). The differences between gross and net efficiency
scores represent the contribution of human capital to efficiency for each country.

We calculate the contribution of human capital on technical efficiency of each
industry and the results are presented in Table 6. These results show that human
capital has contributed positively in the increase of technical efficiency levels of all
industries of the Greek economy. The highest contribution is observed in the
industries of public administration & defense (more than 20.7%), health (16.1%),
education (15.4%) and real estate, renting & business activities (10.4%). In general,
the highest contributions of human capital are observed in the service industries,

while the lowest ones in agriculture, hunting & forestry, fishing and construction.
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Table 6: Contribution of human capital to efficiency
(average 2000-2005)

CONTRIBUTION
GROSS NET OF HUMAN
EFFICIENCY | EFFICIENCY CAPITAL
Public administration
& defense* 80.28% 59.60% 20.68%
Health 90.72% 74.63% 16.09%
Education 94.58% 79.14% 15.44%
Real estate, renting &
business activities 93.46% 83.10% 10.37%
Mining & quarrying 73.07% 64.84% 8.23%
Other social services 82.27% 75.69% 6.58%
Manufacturing 80.95% 75.97% 4.98%
Financial
intermediation 93.82% 89.00% 4.83%
Transports, storage &
communications 86.61% 83.09% 3.52%
Electricity, gas &
water 88.91% 85.41% 3.50%
Hotels & restaurants 85.56% 82.16% 3.40%
Wholesale & retail
trade, repairs 86.23% 83.04% 3.19%
Construction 85.14% 83.59% 1.55%
Fishing 54.20% 53.68% 0.52%
Agriculture, hunting &
forestry 47.11% 46.65% 0.46%

* Industries are sorted in descending order according to the average contribution
of human capital.

5.4 Discussion

The empirical results of this study provide us with strong evidence that there
exist significant benefits from higher levels of human capital, associated with
increased levels of technical efficiency. In particular, the econometric results show
that a rise in the share of hours worked by high skilled persons contributes
significantly in reducing inefficiencies in Greek industries. However, as we saw from
the econometric results of Table 4 the impact of human capital on technical
inefficiency is statistically insignificant outside the service industries of the Greek
economy. This finding strongly implies that any negative effects of human capital on

technical inefficiency are, mainly present in the service sector of the Greek economy.

27



It is important to note at this point that the figures reported in Table 2 show
that the most intensive users of human capital are the industries of the service sector
of the Greek economy. Furthermore, the highest levels of technical efficiency are
observed in several service industries, like education, financial intermediation, real
estate, renting & business activities and health, with average efficiency scores above
90%. On the other hand, the least efficient industries are those of agriculture, hunting
& forestry, fishing, mining & quarrying and public administration & defense.

The highest contributions of human capital are, also, observed in the service
industries. Overall, this evidence confirms that human capital has contributed
positively in the increase of technical efficiency levels of Greek industries, the most
efficient of which are service industries.

The empirical evidence provided in this paper is in line with results of
previous studies, having established a significant impact of human capital on GDP per
capita growth. We further add to this literature by providing evidence in favour of a
positive impact of human capital on technical efficiency, which is stronger in the
service sector of the economy. Furthermore, the positive association between human
capital and higher efficiency suggests that higher productivity, at the industry level, is
likely to be achieved through investment in skills and training. This is an important
observation for policy making, given the willingness to achieve higher rates of output

growth and converge with other developed countries of Europe

6. Conclusion

In this paper we explored the idea that human capital may have a contribution

in reducing technical inefficiency. A stochastic production frontier was
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simultaneously estimated with a technical inefficiency model using panel data from
one digit industries of the Greek economy, for the period 2000-2005.

The results provided us with strong evidence in favor of a negative impact of
human capital in reducing inefficiencies at the industry level. Further econometric
evidence shows that the negative impact of human capital on technical inefficiency is,
mainly concentrated in the service sector of the Greek economy. The most efficient
industries of the Greek economy are those of education, financial intermediation and

real estate, renting & business activities.
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