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Abstract

This work decompose labor-productivity grotwh and convergence in EU into components
attributable to technological change (shiftsin the European production frontier),
technological catch-up (movements toward or away from the frontier) and factor
accumulation (movement toward or away from the frontier). This work extends previous
researchs considering public capital and human capitas as additional productive inputs and
analysing its separate constribution to convergence as components of factor accumulation.
In the case of human capital, we also test its rate effect as determinant factor of technical
change. With this purpose we applied the Mamquist index of total factor productivity to an
European data base to provide evidence for the 15 EU State Members. The results show
that growth is primarily driven by factor accumulation which contribution is fundamental
for lagging countries. We do not find evidence of any significant convergence over the
whole period studied related to integration with factor accumulation and efficiency change
as important factors of convergence while technical change (encouraged by greater human
capital) has worked against it.
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1. Introduction

Empirica growth evidence over the past 10 years has supplied new estimates of
productivity growth rates, not by traditional growth accounting, but by a combination of two
methods. the Mamquist index and nonparametric productivity measurement. Fare et al. (1994)
pioneered this approach for OECD countries. Following their research, several studies have been
carried out covering different country samples (Kriger et al., 2002), considering additional
productive factors (Henderson et al., 2001, Maudos et al., 2003) and establishing links with
convergence literature (Kumar and Russell, 2002).

In this context, this paper targets the growth and convergence performance for the 15 EU
State Members over the period 1980-2001 and extends previous results, considering public capital
and human capital as separate productive inputs. We exploit labour productivity decomposition to
test the implication of the level and rate effects on the convergence of human capital accumulation.
In this study, we have used a homogeneous European database that covers our sample of countries
and allows us to make estimates of public and private capita. We complete this set of information
by measuring human capital on a cost-based method that emphasizes the differences in educational
resources’.

The analytic framework is briefly explained in Section 2. Section 3 presents the database

used and reports the results of the empirical analysis. Section 4 presents our conclusions.

2. The analytic framework
In this study, we decompose the growth and convergence of labour productivity (y) into
components attributable to technological change (TECH), technological catch-up (EFF) and factor

accumulation (KACCUM)*

! See WoRmann (2003) for excellent surveys and a discussion of the different strands of the human capital
literature, and drawbacks of the different measures.
2 See eg. Kumar and Russell (2002) for details of this tripartite decomposition of factors affecting labour

productivity.



(y"*'y) = EFF x TECH x KACCUM = TFP x KACCUM (1)

This exercise can be quantified by using a nonparametric frontier function, determined by
Data Envelopment Analysis (DEA)® and then tracking its changes over time using the
decomposition of the Malmaquist index of total factor productivity (TFP) provided by Fére et al.
(1994)*.

Once the components of labour productivity growth are abtained, we centre on their relative

contributions to convergence. We extend this analysis by decomposing capital deepening:

k. .
KACCUM it = it+1 + plt+l + Qt*—l + alt , (2)
Kit Pic &t

wherek, p and e represent, respectively, the rates of growth of K/L, P/L and E/L.
Additionally, we consider in this analysis the role of human capital as a factor determining

the rate of technological change (rate effect):

TECH;; =a +g.log(E;; ) +u;, ©)

Following Serrano (1999), we will use the information obtained in (1), (2) and (3) to break
down the parameter of b-convergence into its potential sources by running separate panel data

estimations’ of the contribution to convergence of each source on the initial labour productivity
level (log yio):

Cj =c;j +bjlogyo +Vv; 4

j=1,..,11

: k. .
sc, =d EFF, TECH,,TFR,,KACCUM,, - Pt B AcCUM|,, TECH ! TECH !
Yit it  Pit G

where: TECH" is technological change determined by human capital, TECH' is the residual TECH

not explained by human capital and KACCUM' isthe residual input accumulation.

% For overviews of the various DEA models see e.g. Seiford and Thrall (1994).
“We estimated the model using the program DEAP 2.1 (Coelli, 1996).

® The estimations have been carried out with the D.P.D. package, programmed by Arellano and Bond (1998).



3. Data and empirical results

We present the results of estimation equations 1-4 using data for the 15 EU State Members
and considering five different periods: 1980-2001, 1980-1985, 1986-1992, 1993-1996 and 1997—
2000. Most of the data used in this paper were taken from the NewCronos Database (Eurostat),
which offers on CD-ROM information concerning the series of Gross Vaue Added (1990 PPS) (),
labour (L) and investments by sectors. There are no capital stock data directly available. Public (P)
and private (K) capital stocks were estimated from investment data (1990 PPS) available since at
least 1970, in many cases since 1960, by the standard perpetua inventory method (PIM).
Expenditure on education series (1960-2000) was taken from OECD publications. Human capital
(E) was calculated from educational expenditure, expressed in 1990 PPS and again using PIM°.

The decomposition of labour productivity growth’ (Table 1) leads to results coherent with
recent studies that show that productivity improvement was attributable to the intense rate of capital
deepening. Two features should be remarked from the EU-15 analysis: the significant fluctuations
in the speed of growth, and the productivity developments by countries. We find that in the core
countries (Austria, Germany, Benelux and France), growth spurts were driven by TFP growth and
capital deepening, both accounting for part of the growth, while in Portugal, Greece and Spain (the
countries with the least developed cohesion), growth resulted primarily from input contributions.
The Mamquist index of total factor productivity alows us to characterize the observed
development patterns: the core countries were able to maintain their leading position with respect to
the pace of technological progress. Besides, technologica catch-up has benefited relatively
countries close to the best-practice frontier function as much as relatively lagging countries which
indicates difficulties to narrow the technologica gap amongst them.

The accumulation of inputs (level effect) accounts for most of the increases in productivity.

® See Alvarez and Delgado (2002) for a detailed explanation of the procedures for estimating public, private
and human capital.
" For an empirical test of the significance of human capital and public capital in the DEA model, the Banker

test (Banker, 1996) was used. It indicated that both capitals are statistically significant.



To understand the role of private, public and human capital, we estimate their contributions to
capital deepening (Table 2). We confirm the importance of human capital to this process over the
whole period. We adso test human capital’s contribution to increasing the rate of technologica
progress (rate effect). Table 3 shows that human capita has driven the rate of technological change.
However, human capital does not seem to have maintained the same level of influence over the
entire period®.

Table 4 summarizes the results obtained in the conditional convergence analysis.
Differences in the value of b show that convergence among the EU State Members does not show a
stable path. We cannot identify periods of any significant or rapid convergence, so that the average
(1980-2001) shows no significant convergence. This points to the possibly indefinite persistence of
European disparities.  When we analyse the parameters of total convergence, we see that it is
motivated by capital accumulation (private, public and human capital) and efficiency changes,
while technological change, encouraged by greater human capital (rate effect), has worked against
it. We also decompose capital accumulation’s contribution to convergence, allowing us to confirm
that human capital (the level effect) favoured convergence. It is important to note that there are
signs that the effects of human capital accumulation on convergence are not maintained over time.
The possibility of over-education in human capital and the significant contribution to capita
accumulation of public capital drive divergence. Finaly, in the last period, technological change
(favoured by human capitd) becomes the main source of convergence, possibly showing a

dowdown in technological progress that makes it possible.

4. Conclusions
In this paper, we have analysed the implications for convergence of the level effect and rate

effect of human capita accumulation, by using a European database which includes its own

8 Similar results are obtained with different proxies to human capital. Thisisinterpreted as areduction in the
rate of return to schooling and seems related to the increasing problem of over-education (see e.g. Maudos et

al., 2003).



estimation of private, public and human capital. Our results are in accordance with recent research
on human capital. These conclusions rely heavily on the measurement used for human capital,
which can be controversial, but the sensible results obtained suggest that differences in educationa

resources offer an alternative proxy estimate for this stock.
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Table 1. Labour productivity Growth and Malmquist Index decomposition.

TFP TECH EFF KACCUM Y/L Growth

80-01 80-85 86-92 93-96 97-01 80-01 80-85 86-92 93-96 97-01 80-01 80-85 86-92 93-96 97-01 80-01 80-85 86-92 93-96 97-01 80-01 80-85 86-92 93-96 97-01

Austria 1.010 0.998 1.007 1.006 1.039 1.010 0.995 1.008 1.017 1.007 1.001 1.003 0.999 0.989 1.032 1.015 1.023 1.016 1.017 0.998 1.025 1.021 1.023 1.023 1.037
Germany 1.000 0.993 1.009 0.972 1.034 1.003 1.010 1.014 0.993 0.975 0.997 0.983 0.995 0.978 1.061 1013 0.999 0.992 1.047 1.030 1013 0992 1001 1.019 1.064
Belgium 1.013 1.002 1.021 1.020 1.012 1.018 1.002 1.020 1.039 1.006 0.995 1.000 1.001 0.981 1.006 1.003 1.015 1.000 0.998 0.996 1.016 1.017 1.021 1.018 1.008
Spain 0.941 0.954 0.948 0.905 0.917 0.959 0.954 0.948 0.924 0.977 0.982 1.000 1.000 0.979 0.939 1.071 1.073 1.063 1.107 1.071 1.012 1.027 1.011 1.012 0.988
Finland 1.005 1.013 0.977 1.018 1.028 1.001 1.002 0.978 1.017 1.004 1.005 1.011 0.999 1.000 1.024 1.026 1.009 1.055 1.018 1.003 1.031 1.022 1.032 1.036 1.031
France 1.002 1.000 1.008 0.983 1.012 1.012 1.000 1.014 1.017 1.006 0.991 1.000 0.995 0.967 1.006 1.013 1.017 1.009 1.032 1.001 1.015 1.017 1.017 1.015 1.013
Greece 0.873 0.840 0.833 0.903 0.979 0.894 0.840 0.833 0.947 1.014 0.976 1.000 1.000 0.953 0.966 1139 1176 1.186 1.115 1.017 1012 1016 1.019 1.018 0.996
Ireland 0988 0.941 1.002 1.031 0.988 0988 0.941 1.002 1.031 0.988 1.000 1.000 1.000 1.000 1.000 1.048 1.099 1.042 1.026 1.012 1.036 1.040 1.044 1.057 1.000
Italy 0975 0.934 0.980 0.994 0.995 0.983 0.934 0980 1.024 1.005 0.992 1.000 1.000 0.970 0.991 1036 1.078 1.035 1.027 0.998 1011 1012 1015 1.021 0.993
Luxembourg 1.005 1.004 1.008 0.999 0.985 1.005 1.004 1.008 0.999 0.985 1.000 1.000 1.000 1.000 1.000 1018 1.012 1012 1.038 1.019 1.023 1016 1.020 1.037 1.004
Netherlands 1.008 0992 1.006 1.014 1.031 1.020 1.007 1.015 1.048 1.004 0.988 0.985 0.991 0.967 1.027 0.996 0.994 0.994 0.998 1.001 1.004 0986 1.000 1.012 1.032
Portugal 0.899 0912 0.889 0.896 0.859 0932 0912 0.889 0.908 0.992 0.965 1.000 1.000 0.987 0.866 1123 1.098 1.142 1.163 1.125 1022 1010 1.031 1.059 0.984
Denmark 1.010 1.004 0.998 1.020 1.021 1.016 1.008 1.009 1.028 1.009 0.994 0.996 0.988 0.992 1.012 1.012 1.016 1.018 1.000 1.007 1.022 1.020 1.016 1.020 1.028
U. Kingdom 0.990 1.009 0.963 1.004 0.988 1.001 1.009 0963 1.021 1.017 0.990 1.000 1.000 0.983 0.971 1034 1.048 1.044 1013 1.015 1.024 1.057 1.007 1.017 1.003
Sweden 0951 0951 0.949 0.956 0.960 0.949 0941 0.949 0.941 0.960 1003 1.011 1.000 1.016 1.000 1072 1.067 1.066 1.091 1.058 1023 1018 1015 1.047 1.018
15EU 0.977 0969 0.972 0.980 0.989 0985 0.969 0.974 0.996 0.996 0.992 0.999 0.998 0.984 0.992 1.042 1.048 1.039 1.040 1.030 1019 1017 1011 1.020 1.019

NOTE: Subtracting unity from the table values gives annual growth rates.

Table 2. Inputs Contribution to Capital Accumulation. Fixed effects model.

19802001 1980-1985 1986-1992 1993-1996 19972001
Growth K/L 0.36 (4.45) 0.15(0.71) 0.302 (2.96) 095(6.88)  -0.17 (-0.16)
Growth PIL 0.094(L55  0.078(0.61) 019(1.94)  -0.0056(-0.19) -0.12 (-0.405)
Growth E/L 0.18 (7.59) 0.15(2.79) 0.26 (7.56) 0.26 (14.41) 0.49 (0.84)

WaldTestSig.  183.82(D.F.=3) 50.89(D.F.=3) 175.96(D.F.=3) 386.27(D.F.=3) 4.12(D.F.=3)

D.F. = degree of freedom. T-statisticsin brackets.

Note: The dependent variable (KACCUM) is the growth rate of input contribution.

Table 3. Effect of Human Capital on annual rate of Technological Change. Fixed effects model.

1980-2001 19801985 1986-1992 1993-1996 19972001
Ln(Ey) 0.014 (557) 0.016 (2.29) 20,059 (-3.78) 20,0083 (-0.22) 0.11(3.78)
Wald Test Sig. 30.99 (D.F.=1) 5022 (D.F.=1) 14,31 (D.F=1) 0.047 (D.F.=1) 14.29 (D.F=1)

D.F. = degree of freedom. T-statisticsin brackets.

Table 4. Labour Productivity Convergence and its components. Fixed effects model.

YL EFF TECH TECH" TECH' TFP KACCUM K/L P/L E/L KACCUM'
Period
by b, bs b, bs bs b, bs be bio by
—0.0051 —-0.032 0.076 0.0011 0.075 0.041 —0.047 -0.017 -0.0044 -0.0084 -0.017
1980-2001 (-0.34) (-1.84) (3.55) (3.56) (3.55) (2.067) (-2.78) (-2.78) (-2.78) (-278) (-2.78)
W=27.41 W=338 W=1261 W=1267 W=1261 W=428 wW=772 wW=773 wW=773 wW=771 w=772
-0.076 —-0.041 0.18 0.0029 0.17 0.13 -0.21 -0.031 -0.016 -0.031 -0.13
1980-1985 (-0.72) (-0.57) (1.504) (1.51) (1.504) (1.14) (-3.24) (-3.23) (-3.23) (-3.23) (-3.24)
W =051 W=0.33 W=226 w=229 W=226 w=129 W =10.48 W =10.46 W =10.46 W =10.46 W =10.47
-0.13 0.21 —-0.703 —-0.49 0.36 0.11 0.069 0.095 0.0903
1986-1992 (-2.301) (2.25) (-5.41) - - (~4.66) (3.36) (3.35) (3.36) (3.35) (3.35)
W=529 W =5.082 W=29.28 W=2173 Ww=11.27 W=11.25 W=11.26 W=11.25 W=11.25
-0.013 1.066 -1.45 -0.35 0.33
1993-1996 (-0.55) (15.84) (-2093) - - (-18.97) (11.16) - - - -
wW=0.29 W =250.85 W =437.87 W =359.74 W =124.47
-0.35 0.44 -0.63 —-0.069 -0.56 -0.19 -0.16
19972001 (-312) (2.62) (-4.34) (-4.34) (-4.34) (~1.086) (-1.25) - - - -
W=973 W =6.88 W =18.84 W=1881 W=1885 w=118 W =156

Note: by = bet+ b7; be= by + ba; ba=bs + bs; b= bg + bg + b1o + b11

W = Wald test of joint significance.



References

Alvarez, |. and M.J. Delgado, 2002, Estimacion del Capital Publico, Capital Privado y Capital
Humano para la UE-15, Documento de Trabgjo del Ingtituto de Estudios Fiscales 12/02,
Madrid.

Arellano, M. and S. Bond, 1998, Dynamic Panel Data Estimation Using D.P.D.98 for Gauss,

December 1998. www.cemfi.es~ar gllano/.

Banker, R.J., 1996, Maximum likelihood, consistency and data envelopment anaysis. a
statistical foundation, Journal of Productivity Analysis 7(2/3), pp. 139-159.
Codli, T.J, 1996, A Guide to DEAP Version 2.1: A Data Envelopment Analysis (Computer)
Program, CEPA Working Paper 96/08, Centre for Efficiency and Productivity Anaysis,
University of New England, Armidale.
Eurostat , 2000, NewCrosnos Database, CD-ROM.
Fare, R., S. Grosskopf, M. Norris and Z. Zhang, 1994, Productivity Growth, Technical Progress
and Efficiency Changes in Industrialised Countries, American Economic Review 84, 66-83.
Kriger JJ.,, U. Cantner and H. Hannusch, 2000, Total Factor Productivity, the East Asian
Miracle, and the World Production Frontier, Weltwirtschaftliches Archiv 136 (1), 111-136.
Kumar, S. and R.R. Russdll, 2002, Technological Change, Technological Catch-Up, and Capital
Deepening: Relative Contributions to Growth and Convergence, American Economic Review 92
(3), 527-548.
Henderson, D.J. and R.R. Russdll, 2001, Human Capital and Macroeconomic Convergence: A
Production-Frontier Approach, Working Paper, University of California, Riverside.
Maudos J., JM. Pastor and L. Serrano, 2003, Human Capital in OECD Countries; Technical
Change, Efficiency and Productivity, International Review of Applied Economics 17 (4), 420—
435.
OCDE, 1981, Educational Statisticsin OCDE Countries, Paris.

- 1992, Public Educational Expenditure, Costs and Financing: An anaysis of Trends

(1970-1988), Paris.



- Severd Years, Education at a Glance, Paris.
Serrano L., 1999, On Convergence Accounting, Applied Economics Letters 6, 219-221.
Seiford L.M. and R.M. Thral, 1990, Recent Developments in DEA: The Mathematical
Approach to Frontier Analysis, Journal of Econometrics, 46, 7-38.

WoRmann L., 2003, Specifying Human Capital, Journal of Economic Surveys, 17 (3), 239-270.



