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Abstract:

This paper examines the possible macroeconomic consequences of
changes in trend of productivity growth for European countries.
Overall the results suggest that a rise in trend factor productivity will
leed to higher levels of production and rea income, however
employment adjustment will depend on the extent to which the long-
run equilibrium of an economy is affected. In this paper we present
an international comparison of growth trends in the OECD countries,
with a specid attention to developments in labor productivity, alowing
for human capita accumulation, and multifactor productivity (MFP).
The main conclusions are that some «traditional» factors lay behind
the digparities in growth patterns across the European countries.
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1. Introduction

Since the mid 1990s the average growth rates of real GDP, labor
productivity and totd factor productivity in the European Union have
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fallen behind those in the United States. What makes this remarkableis
that this is the first time since world war Il that these performance
measures have shown lower growth ratesfor the EU for several yearsin
arow. The recent economic owdown in the US and the EU has not
changed this development. As a result the labor productivity gap in the
EU relative to the US has widened by 2 percentage points, from 96 per
cent of the US level in 1995 to 94 per cent in 2000, and by another 2
percentage points to 92 of the US leve in 2002. At the same time there
is considerable diversity both in terms of growth performance as well
as comparative levels between European countries. Comparative
growth rates of labor productivity between 1995 and 2002 differ
between -0.3 per cent (for Spain) and 5.0 per cent (for Ireland). And
there is a variation of plus 1 7 percentage points (for Belgium) and
minus 38 per cent (for Portuga) around the average EU labor
productivity level relative to the US in 2002.

Economic theory is reatively clear about the postive long-term
consequences of the introduction of new technologies which lead to
increased factor productivity. Provided that the supply of production
factors is not adversdly influenced, higher productivity can be
expected to raise potential output, and, if labor and product markets
are sufficiently flexible, aggregate demand should adjust to this
increased supply potentid in the long-run. Empirical macro-economic
models provide a useful framework for examining some of these issues
and the possible short and medium-term consequences of productivity
changes, especidly the dynamic links between productivity, technical
change and output. This paper attempts to analyze and to estimate the
productivity levels of European members states at a national level
using aggregate data from OECD. Furthermore, we attempt to
examine the eationship between productivity and regiona disparities
in Europe.

2. The main types of productivity measures

There are many different productivity measures. The choice
between them depends on the purpose of productivity measurement
and, in many instances, on the availability of data Broadly,
productivity measures can be classified as single factor productivity
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measures (relating a measure of output to a single measure of input) or
multifactor productivity measures (relating a measure of output to a
bundle of inputs). Another distinction, of particular relevance at the
industry or firm level is between productivity measures that relate
some measure of gross output to one or several inputs and those which
use a value-added concept to capture movements of output.

Table 1: Overview of main productivity measures

10.5 Type of input measure
Labor Capitd Capitd and | Capital, labor
[abor and
intermediate)
Gross (a). Labor (c). Capital (e). (f). KLEMS
output | productivity productivity Capital- multifactor
(based on gross | (basedongross | labor MFP | productivity
output) output) (based on
gross
output)
Ve (b). Labor (d). Capital (@. | -
added productivity productivity Capital-
(based on value | (based on value | labor MFP
added) added) (based on
veue
added)
Single factor productivity Multifactor productivity
measures: (MFP) measures: (e), (), (9).
(@), (b), (c). (d).

Note: Intermediate goods includes: energy, materials and services. Other
approaches consider intermediate factors of production more complementary
than substitutive for primary inputs (labor and capital) and thus they are
considered outside the production function as in the three regimes growth

approach suggested by Guisan(1980) and (2004).

Table 1 uses these criteria to enumerate the main productivity
measures. The list is incomplete insofar as single productivity
measures can aso be defined over intermediate inputs and labor-
capital multifactor productivity can, in principle, be evaluated on the
basis of gross output. However, in the interest of smplicity, Table 1
was redtricted to the most frequently used productivity measures.
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These are measures of labor and capital productivity, and
multifactor productivity measures (MFP), either in the form of
capital-labor MFP, based on a value-added concept of output, or in the
form of capital-labor-energy-materils MFP (KLEMS), based on a
concept of gross output. Tota factor productivity is defined as the
change in output after taking account of growth in physica capita
and changes in the quantity and qudity of labor input. These
measures are not independent of each other. For example, it is
possble to identify various driving forces behind labor productivity
growth, one of which isthe rate of MFP change.

3. Modeling the theoretical framework of productivity, technical
change and regional growth

The economic theory of productivity measurement goes back to the
work of Jan Tinbergen and Robert Solow (1957). They formulated
productivity measures in a production function context and linked
them to the anadlysis of economic growth. The field has developed
consderably since, in particular following magor contributions by
Dde Jorgenson, Zvi Griliches and Erwin Diewert. Today, the
production theoreticd approach to productivity measurement
offers a consistent and well-founded approach that integrates the
theory of the firm, index number theory and national accounts.

We can aso adopt the index number approach in a production
theoretic framework. This «growth accounting» technique
examines how much of an observed rate of change of an
industry's output can be explained by the rate of change of
combined inputs. Thus, the growth accounting approach evaluates
multifactor productivity (MFP) growth residudly. To construct an
index of an industry's output, different types of outputs have to be
weighted with their share in total output. To construct an index of
combined inputs, the rates of change of different inputs (labor,
capital, intermediate inputs) have to be weighted appropriately.

The econometric approach to productivity measurement is only
based on observations of volume outputs and inputs. Furthermore, it is
possible to investigate forms of technica change other than the
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Hicks-neutral formulation implied by the index number based
approach; and there is no a priori requirement to assume constant
returns to scale of production functions. The literature about the
econometric approach is large, and examples of integrated, genera
models can be found in Morrison (1986) or Nadiri and Prucha (2001).
Hulten (2001) points out that there is no reason why the econometric
and the index number approach should be viewed as competitors.
Econometric methods are used to further explain the productivity
residual, thereby reducing the ignorance about the «measure of our
ignorance.

3.1. The Growth Accounting Approach: Growth accounting and most other
approaches to measuring productivity are firmly rooted in a standard
neo-classicad equilibrium concept.  Equilibrium conditions are very
important because they help to guide measurement of parameters that
would otherwise be difficult to identify. An obvious example is the
use of cost shares instead of output elasticities - the former are
observable, the latter are not, but theory shows that, in competitive
equilibrium, one must equa the other.  Although its usefulness is
generally recognized, it has been argued that an equilibrium
gpproach dts uneasily with the notion of innovation and productivity
growth. Evolutionary economigts, for instance, Dos 1988; Nelson and
Winter 1982; Nelson 1981, in the tradition of Schumpeter, argue that
innovation and technica change occur as a consequence of
information asymmetries and market imperfections. In a quite
fundamental sense, innovations and information asymmetries ae one
and the same phenomenon. Indeed, such asymmetries can scarcely be
termed market imperfections when they are necessary conditions for
any technical change to occur in a market economy. The point made
by evolutionary economists is that equilibrium concepts may be
the wrong tools to approach the measurement of productivity change,
because if there truly was equilibrium, there would be no incentive to
search, research and innovate, and there would be no productivity
growth.

3.2 The Index Number Approach: Accounting is not explaining the
underlying causes of growth. Growth accounting and productivity
measurement identifies the relative importance of different proximate
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sources of growth. At the same time, it has to be complemented by
indtitutiond, historical and case studies if one wants to explore the
underlying causes of growth, innovation and productivity change.
Because the technology parameter cannot be observed directly, MFP
growth is derived as the difference between the rate of growth of a
Divida index of output and a Divisa index of inputs, as shown below.
The Divisia index of inputs is made up of the logarithmic rates of
change of primary and intermediate inputs, weighted with their
respective share (Sx, Sv ) in overdl outlays for inputs:

Percentage (% )change of gross-output based MFP =
:'ﬂlnH =ﬂInA= dInQ_ S dinX s dinM
It it a g M

Alternatively, one could define a value-added function. A vaue-
added function presents the maximum amount of current-price value
added that can be produced, given a set of primary inputsand given
prices of intermediate inputs and output. Such a value-added function
is an equivaent ("dua") representation of the technology described by
a production function. For the present purpose, cal the vaue-added
function G = G(A(t),X,Pu,P). Dependence of the value-added function
on intermediate input prices Py and on gross-output prices P signas
that producers adjust the level of intermediate inputs when relative
prices change. Just as the measure of technica change for the
production function was defined as the shift of that function over time,
productivity change could be defined as a shift of the vaue-added
function, i.e. as the relative increase in vaue added that is associated
with technical change. Parallel to the earlier statement regarding the
InG

t

production function, this can be formulated as

Again, this change cannot be directly observed but it can be shown
that it corresponds to the difference between the growth rate of the
Divisa volume index of value added (caled VA) and the growth rate of
the Divisaindex of primary inputs.

Percentage (%) change of value-added based MFP =
:ﬂInG _ dInVA_ dInX
Tt dt dt

Q0
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3.3. The Approach of Cost Function: A cost function shows the
minimum input cost of producing a certain level of output, given a set
of input prices. Under relatively weak regularity conditions, cost
functions can be derived foregoneto provide the amount of savings needed
to permit capital accumulation. In practice, this woud imply theue o a
private consumption deflator in the papaud inventory method. The effett is to
relegate al advancesin knowledge (embodied and disembodied) explicitly
to the productivity resdud. See d0 Duand (1996) on this point from
production functions, and vice versa - there is dudity. To illustrate
this point, one expresses a smple cost function CasC=B Q - c(w;
W,,...,Wy), where C is total cost that varies as a function of the level
of output, Q, of unit costs ¢ (themselves dependent on input prices
w;) and of a parameter B. This parameter plays a role similar to the
productivity parameter A in the production function Q = A-
F(X,Xa,...Xx). It can indeed be shown that {14 - d'drlB.

Thus, the MFP productivity residua can be measured either as the
residual growth rate of output not explained by the growth rate of inputs
or asthe residua growth rate of average costs not explained by change

ininput prices

dinC dInQ _ o dinw; dInA

a T A Ta Ta
This expression states that the rate of growth of average costs
equals the rate of growth of aggregate input prices, reduced by
advances in multifactor productivity. A dightly different formulation is
that productivity growth equals the diminution in tota costs that is
neither explained by a fal in output nor by subgtitution of nputs that
have become relatively more expensive for those whose relative

price has falen.

This formulation of MFP in terms of average costs lends a
richer interpretation to technological change. It is intuitively
plausible that total and average costs can be reduced by many means
including technological innovations in an engineering sense but
also by organizational innovaions, learning-by-doing, and
managerial efforts. The cost approach also shows how average
cost can decline as a consequence of embodied technological change
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only: suppose that one of the inputs exhibits faling prices (user
costs) relative to other inputs as a consequence of (embodied)
technical change. Most likely, a substitution process will take
place where computer services replace other factors of
production.

3.4. Modeling a Flexible Functional Form: A different and smpler
approach has been recently proposed in de la Fuente (1995) and
Bernard and Jones (1996), in which a model with decreasing returns to
capital is augmented with exogenous differences in the countries
ability to adopt new technology. Our model differs from de la Fuente's
in two maor respects. First, as in Shell (1966), the flow of new
technology in each period is proportional to the amount of resources
endogenoudy dlocated to innovation. Second, the impact of any given
technology gap on technology growth in a follower country is
proportional to its propendty to innovate (or imitate). In this respect,
our formulation is closer to the one used in Benhabib and Spiegd
(1994) to assess the impact of the stock of human capita on the
diffusion of technology. As for Bernard and Jones (1996), the main
differences are that in our model the growth rate of the leader economy
is endogenous, and that we make specific statements on what
determines a country’s ability to adopt new technology. The  starting
point of thismodd isthetransl og function (Christensen, Jorgenson). The
objectiveisto characterize the distribution of the value of output between
capital and labor inputs and changes in this distribution over thetime. To
do this we must describe capital and labor inputs in terms of the value
shares. The aggregate cost (or production) function is based on a cost
function (or a production function), which is characterised by constant
returnsto scale:
C:F(PK, PL! Y, T)

where: R, B, Y, T indicate the price of capitd input, labor input, the
value added and time. If the cost function C isincreasing then the value
shares are nonegative. To be ableto check these restrictionsfor particular
values of capital and labor prices and time, we can compute the value
shares and verify that they have the right sign. Smilarly, the share
elagticities can be expressed in terms of the second order partia
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derivatives of the cost function with respect to capital and labor prices.
The trandog cost function can be written, (where ij=K,L):

1 n 1
InC( Pk .,PL.Y.T)=ag+aylny+ >a yy(Iny)2+ S ajlnPi+ 3
i=1 i

hns

n n
S gjjInPiInPj+ S gjylnPjIny
1j=1 i=1

n
1
gTT+_29.I_I_T2+ SgiT|np|T+gyT InyT
i=1

We use aggregate data and assuming that input prices are endogenous,
in order to estimate thetranslog shar e equation systemand to avoid the
simultaneous equation problems, we employ three stage least squares
with an instrumental variable estimator provided that appropriate
instruments are available. Output is measured as value added. Labor is
measured as the number of employees and capital is measured as the
capital stock. Asthe price of capital we usethelong-terminterest rateand
as the price of labor wages and salaries.

Thes, |, skk haveto be negative because of thedemand law for inputs
(as actualy they are negative in the following results). That implies
downward dopping demand curves for the inputs. If s, (the substitution
elagticity between K and L) is positive then K and L are complements
(otherwise they are subgtitutes). Finally, we can dirivetechnical change
into neutral (related only to time) and non neutral (related to the time path
inputs of capital and labor respectively: gcrandg 1). The parametersay
and a, can beinterpreted asthe average val ue shares of capital and labor
inputs. The parameters gr and av indicate the average (negative) rate of
technical change and the average share of output in total cost and the
parameter gr can be also interpreted as the average rate of productivity
growth.

4. An empirical estimation of productivity, technical change and
growth

Once productivity measures are conceptudised on the basis of
economic theory, there are several ways to go about their empirical
implementation. From a broad methodological viewpoint, parametric
approaches can be distinguished from non-parametric ones. In the first
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case, econometric techniques are applied to estimate parameters of a
production function and so obtain direct measures of productivity
growth. In the second case, properties of a production function and
results from the economic theory of production are used to identify
empirical measures that provide a satisfactory approximation to the
unknown «true» and economically defined index number. The growth
accounting approach to productivity measurement is a prominent
example for non-parametric techniques.

All estimations are based on national data derived form OECD’ data
dank. We use aggregate data and assuming that input prices are
endogenous, in order to estimate the translog share equation system
and to avoid the smultaneous equation problems, we employ three
stage least squares with an instrumenta variable estimator provided
that appropriate instruments are available. Output can be represented as
a function of two inputs and the time as an indicator of the level of
technology. Substitution possibilities among intermediate inputs and
primary factor input can be incorporated explicitly. Output is measured
as value added. Labor is measured as the number of employees and
capital is measured as the capital stock. As the price of capital we use
the long-term interest rate and as the price of labour wages and
sdaries. To estimate the above model of the average cost functions
aong with the share of one input and the rate of technical change, we
adopted the three stage least squares (using instrumental variables with
endogenous lag variables, such as lag shares, lag prices of capital,
labour and output and some exogenous variables, such as export and
import prices and consumer prices). Table 2 shows the aggregate
developments of output, employment and productivity growth in the
US, EU and Japan, as well as the growth rates for individual EU
countries.

Comparing the EU with Japan and the US, the table 2 shows that
during the 1980s, real GDP growth was fastest at 4.0 per cent per year
on average in Japan, followed by 3.2 per cent in the US. Growth was
dowest in the EU at only 2.4 per cent. During the early 1990s GDP
growth dowed in dl three regions, but both the US and the EU saw a
substantia recovery during the second haf of the 1990s. However, the
recovery was much faster in the US than in the EU. In contrast, the EU
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realized a substartial expansion in labor input but productivity gowth
dowed down to a rate that was substantially lower than that achieved
during the 1980s.

Table 2: Recent trends in productivity growth, 1980-1999
(percentage change at annual rate)

Trend growth in GDP Trend growth in multi-
per hour worked factor productivity
1980-90 1990-99 1980-90 1995-99

Canada 11 13 05 13
Mexico .. -06 .. .
United States 13 16 09 12
Audrdia 12 20 05 15
Japan 32 25 21 09
Korea 6,3 51 . .
New Zeaand . 0,7 0,7 0,7
Audtria . . . .
Begium 24 23 17 16
Czech Republic . . . .
Denmark 17 18 09 15
Finland 28 29 23 36
France 2,7 18 18 11
Germany 23 20 15 11
Greece 13 14
Hungary . 27 . .
Iceland .. 15 .. 14
Ireland 3,6 43 3,6 4,6
[taly 2,6 20 15 08
Luxembourg . 51 . R
Netherlands 29 18 23 15
Norway 2,6 2,6 12 12
Portugal . 23 . .
Span 32 14 23 05
Sweden 12 17 0,7 13
Switzerland . 08 . .
United Kingdom 23 19 22 10




International Journal of Applied Econometrics and Quantitative Studies Vol.1-4(2004)
Source: Calculations based on data from the OECD Economic Outlook.

These growth rates can aso be seen in conjunction with estimates of
the distance between countries in levels of GDP, labor productivity and
employment rates. Starting from a higher level in 1980, and continuing
through to the early 1990s, the EU GDP level fell below that of the US
in the second haf of the 1990s. Moreover the labor productivity gap
between the EU and the US aso widened at thistime. This has been the
firgt time since World War 1l that the productivity levd in the EU did
not converge to the US level for a sustained period. Hence despite
relatively high labor productivity levels, in contrast, the Japanese
economy entered a period of very dow growth, a decline in labor input,
and a cost-reducing productivity growth track.

Some European countries, per capita income levels are lower due to
lower labor intengity levels in the EU. In contrast to the US position,
however, there is as yet less evidence that this productivity dowdown is
of a dructura nature. Firdly, it should be noted that the productivity
growth rates experienced in recent yearsin the EU are no lessthan those
in the US in the 1980s and so recent experience may largely be driven
by the end of catchrup growth, before any benefits from the new
technology were manifest. Many EU countries are dtill inthemidst of an
adjustment process towards a new arrangement of their economies, with
less emphasis on capita intensive manufacturing, and agreater emphasis
on technology use and diffusion in services. Secondly, there is ill a
much greater potential in terms of underutilized resources to be
employed in the EU. This latter view is consistent with the notion that
the EU is merdly lagging the US in the adoption of new technology
and that the EU will see the benefits within the next decade. These
developments did not entirely pass the EU by, but their impact on
speeding up growth has been less than in the US for various reasons.
Firstly, some EU countries, for instance Germany, developed ingtitutiona
and innovation systems focused on technology diffusion, which have
been very effective during the catch-up phase. Others, in particular
France and the UK, have aimed to compete head-on with US high
technology indugtries.
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As the most advanced European countries were approaching the US
productivity level, the benefits of technology borrowing got gradualy
exhausted. The joint process of European economic integration and
more intensive globa capita flows (including foreign direct investment)
required these countries to find new ways to increase efficiency and
develop new markets domestically and internationally. At the sametime,
lower income countries in the EU, for instance Finland, Ireland, and to a
lesser extent Spain and Portugal) have continued to benefit from their
catch-up potentia, but the redization of that potential has been very
much dependent on their specific initial conditions. It is aso interesting
to examine the contributions of various member states to the overall
EU growth by multiplying each country's respective growth rates by its
share in EU employment.

It can be seen from Table 3 that the mgjor contributors to EU labor
productivity growth in the 1980s are Germany, France, the UK and
Italy.

Table 3. Contributions of member states to EU-15 annual 1abor
productivity growth 1979-2001

1979-1990 | 1990-1995 | 1995-2001
Belgium 0.08 0.09 0.03
Denmark 0.04 0.05 0.02
Germany 0.59 0.68 0.22
Greece 001 0.02 0.05
San 0.18 0.15 0.22
France 0.40 0.27 0.22
Ireland 0.02 0.04 0.10
Itay 0.27 0.36 0.18
Luxembourg 001 0.01 001
Netherlands 0.14 0.13 o1
Audtria 0.07 0.09 0.04
Portugal 0.02 0.02 0.04
Finland 0.05 -0.01 0.04
Sweden 0.06 0.03 0.06
UK 031 0.38 0.39
EU-15 2.26 231 172

Source: Data derived from OECD.
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By the end of the 1990s, the dowdown can be seen to be chiefly the
result of the decline in al of these large nations, excepting the U.K.
Many of the smaller EU-15 nations have seen modest reductions over
this period, and a number of the Southern European nations have seen
dight increases. But the fortunes of Germany and Italy in particular
have had a large impact on the EU growth dowdown. The EU is
considerably less compstitive than the US in the manufacture of high
technology equipment. In many traditional manufacturing industries,
however, the EU is now competitive relative to the US, reflecting both
greater wage moderation in the late 1990s, less pronounced declines in
labor productivity levels and a relatively favorable exchange rate
between the EU currencies and the US dollar during the late 1990s.

Table 4 illudrates the labor productivity in EU manufacturing
industries. But comparisons with the US are less relevant here, since
both the EU and US are likely to have high unit labor cods relative
to ther main competitors in developing countries. Japan is the
country with the highest labor productivity dowdown across the
two periods, losing ground to both the EU and the US.

Average labor productivity growth decreased from a rate of 3.02%
in the period 1992-1995 to a negative - 0.5% in 1996-2001. The
service sector experiencesthe most severe decel eration with growth rates
going from 3.97% to -1.09%. These trends are not surprising given the
economic difficulties the Japanese economy had to face since the late
1980s. In fact, labor productivity growth at the aggregate economy
level has been decreasing since 1985.
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Table 4 Labor productivity in EU-14 manufacturing industries relative
to the US (US=100)

ISIC 1979 | 1994~ | 1999-

rev3 81 9% 01
Food, drink & tobacco 15-16 64.5 79.7 | 100.6
Textiles 17 103.4 | 99.1 | 100.8
Wearing apparel 18 66.1 67.7 61.0
Leather 19 95.2 88.0 89.9
Wood products 20 63.0 86.8 | 101.3
Pulp and paper products 21 76.8 | 1049 | 120.0
Printing & publishing 22 67.0 | 1203 | 1345
Chemicals 24 54.7 70.5 78.4
Rubber & plastics 25 180.2 | 1458 | 127.0
Non-metal mineral products 26 1212 | 1426 | 1488
Basic metas 27 65.1 1091 | 107.8
Fabricated metal 28 1089 | 1085 | 1114
Machinery 29 66.5 974 | 1108
Computers 30 133.3 | 89.8 719
Insulated wire 313 87.3 93.7 77.6
Other electrica machinery 31-313 79.7 91.3 1121
Semiconductors 321 47.8 31.8 41.6
Telecommunication eg. 322 71.9 63.9 65.7
Radio and television receivers 323 44.0 62.8 631
Scientific instruments 331 1144 | 106.9 | 103.2
Other instruments 33-331 42.8 49.2 47.3
Motor vehicles A 30.0 44.9 43.7
Ships and boats 351 59.2 95.8 88.7
Aircraft and spacecraft 353 46.7 711 71.8
Railroad and other transport | 352+359 | 68.8 76.4 80.4
Furniture, miscellaneousgoods | 36-37 1105 | 1008 | 944
Total manufacturing 15-37 84.6 88.0 80.3

Sources and data derived from OECD.
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Figure 1: Panel-(a): Low rates of catch-up (<1,2 % annually). Catch-up & convergencein OECD income
levels, 1950-2002, (USA=100). Source: OECD, STAN & National Accounts, (2003).
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MFP is commonly defined as the portion of output growth left after
accounting for growth in capital and labor, where both capita and
labor are expressed in qudity-adjusted terms. This measure captures
disembodied technologicad and organizationd improvements that
increase output for given amount of inputs. Dde Jorgenson, in
particular, argues that this is the only identifiable component of
technologica progress. The other procedures to calculate MFP that use
different measures for the capita aggregate, for instance capital stock at
acquisition prices, are likely aso to pick up changes in the composition
and quality of the capital stock due to other reasons than technological
change. Other researchers have recently focused on the
identification of the «embodied» part of technologica progress.
Greenwood (1999) and Hercowitz (1998) have suggested a way to
tackle the «embodiment» controversy by adding an alditional source
of information (and in fact mixing the prima and dua approach). On
the one hand they suggest the estimation of the disembodied
component as the residual of a production function.
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Figure 1: panel--(b): Rapid catch-up. Catch-up & convergencein OECD income levels, 1950-2002,
(USA=100). Source: OECD, STAN & National Accounts, 2003.
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Low darting point, low rates of catchrup In the European area, cross-
country differences in GDP per capita and labor productivity have
eroded considerably since the 1950s. Over the 1950s and 1960s,
income levels of European countries except the United Kingdom that
was catching up with those of the United States. In the 1970s, this
phenomenon was less widespread and the rate of catch-up had falen,
Korea being the main exception. In the 1980s, there was even less
catch-up, as GDP per capita grew more dowly than in the United
Statesin 19 OECD countries.
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Figure 1: Panel-(b): Rapid-catch-up, (>1,2 % annually). Catch-up & convergencein OECD income levels,
1950-2002, (USA=100). Source: OECD, STAN & National Accounts, 2002.
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The same was true for 20 OECD countries in the 1990s. Japan and
Korea had the highest rates of catch-up over the 1950-99 period, with
GDP per capita growing more rapidly, by 2.7% and 3.2%, respectively,
than in the United States. Most of Western Europe had much lower
rates of catchrup, typicaly below 1% a year. Countries such as
Audtraia, New Zedand, the United Kingdom and Canada were aready
a redivey high income leves in 1950 and have since done little
catching up with the United States. Switzerland had a marked decline
in relaive income levels.

From the estimation of a flexible functional form, namely the trandog
function, we can summarisethat thes, | , Sk haveto be negative because
of the demand law for inputs (as actually they ae negative in the
following results). That implies downward slopping demand curves for
theinputs. If sy, (the substitution elasticity between K and L) is positive
then K and L are complements (otherwise they are substitutes). Finaly,
we can dirivetechnical changeinto neutra (related only to time) and non
neutral (related to the time path inputs of capital and labor respectively:

Grand g 7).
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Figure 2 GDP per capitaand GDP per hour worked , (USA=100),
2002.
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Using the trandog cost function, we can estimate the appropriate
parameters indicating the average value shares of capital and labour
inputs. In addition, we can estimate the parameters showing the average
rate of technical change, the average share of output intotal cost, and also
the average rate of productivity growth. Finaly, we can estimate the
constant share eladticities describing the implications of patterns of
subgtitution for the relative distribution of output between capita and
labour. The bias estimates describing the implications of patterns of
productivity growth for the distribution of output. An aternative and
equivalent interpretation of the biasesisthat they represent changesin the
rate of productivity growth with respect to proportional changes in input
quantities.

Summarizing the main econometric results for a selected number of
member states using a flexible functional form, namely the trandog cost
function, we can conclude the following points:

= Theresults of multivariate regression include the countries of France,
Germany, Italy, Netherlands and United Kingdom (the first category of
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more advanced member states) and Greece, Ireland and Spain (the second
category of less advanced member states).

= Theedtimate parameter, indicating the average value share of output
in the total cogt, has a positive value which for al member states, except
for Britain and Ireland. Thereisan estimation of the parameter of therate
of technical change or the acceleration rate, indicating how time affects
the growth of output, appearing a negative value for both Ireland and the
United Kingdom.

= We assumed a two factor cost function, indicating the substitution
patterns between the two factors (capital and labour), wheress, capital and
labour are substitute except the case of Francewhereit is positive but not
satistically significant.

= The parameter of flexibility cost indicating that the margina cost will
change with a change in the level of output, whereas for three countries,
namely England, Germany and Ireland, indicate that the marginal cost
will increase as the output expands.

= Theshare of capita (or in other words, it show how an input's share
would be affected by a change in the level of output) showing that
increases with an increase in output for Britain, Germany, Greece, Italy
and Ireland, while in the other countries namely France, Netherlands and
Spain, it decreases. Exactly the opposite estimated for labour input and
for the share of [abour.

= Looking for the impact of technical change on the growth of output,
the estimated parameter suggests that the technical change is biased and
they represent a change of factor share with respect to time. This
parameter indicates that the technical change in England and Ireland
decreases aggregate the outpui.

= Findly, wecan estimate themultifactor productivity MFP, or therate
of technical change, that is decomposed into three parts, pure technology,
non- neutra technology and scade augmenting technology. The
multifactor productivity isnegativefor al countries, except Spain, which
means technologica change reduces total costs.

More complete measures of productivity at the economy-wide level

relate output growth to the combined use of labor and capita inputs.

This measure is cadled multi-factor productivity (MFP). Growth in
MFP is a key to long-term economic growth, as it indicates rising
efficiency in the use of al available resources. It is aso a better
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reflection of technologica progress than the increase in labor
productivity, since the latter can aso be achieved through greater use
of capitd in the production process and the dismissd of low-
productivity workers. Estimates of MFP growth are available for fewer
countries than estimates of labor productivity growth, primarily
because of the limited availability of data on capita stock. The
estimates show that Ireland and Finland experienced the most rapid
MFP growth over the 1990s. In countries such as Ireland, Finland,
Belgium, Australia, Canada, the United States, France and the United
Kingdom, MFP growth accelerated during the 1990s. In other
countries, such as the Netherlands, Norway, Spain and Japan, MFP
growth declined.

5. Implications and Conclusions

In the literature there are various explanations for the dow-downin
productivity growth for OECD countries. One source of the ow-down
may be substantial changes in the industriad composition of output,
employment, capital accumulation and resource utilization. The second
source of the dow down in productivity growth may be that technological
opportunities have declined; otherwise, new technologies have been
devel oped but the application of new technologies to production has been
less successful. Technological factors act in along run way and should
not be expected to explain medium run variations in the growth of GDP
and productivity. The countries that are technologically backward have a
potentiality to generate more rapid growth even greater than that of the
advanced countries, if they are ableto exploit the new technologieswhich
have already employed by the technological leaders.

Furthermore, conclusions cannot be easily drawn from simple summary
measures of the extent or the rate of compositional structural change,
without having some additiona information regarding the direction of
change, the path followed from the previous industrial structure and
associated and indtitutional factors. Therefore, we have applied and
implemented a new method for the measurement of technical progress
and the economic growth; this is based on the translog function, (using
time series data for selected member states). Our estimates indicate that
technica progress is capita augmenting for Greece, Germany, lItaly,
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Irdland, Netherlands and Spain, (where the easticity of substitution
between capital and labor has been found to be less than unity); the
opposite result holds for France.

The differences in productivity between European Union and the
USA are lower than the differences in rates of Employment, what
means that European policies should have into account that the
increase in productivity should not be accompanied of decreases in
employment rates. The USA has higher productivity levels, higher
wages and higher rates of employment. This is a very important
guestion which at some extent is related with the lower levels of fiscal
pressure on income and wages in the USA in comparison with Europe.

Findly, this paper argues that the European dowdown in growth is a
reflection of an adjustment process towards a new industrial structure,
which has developed more dowly in the EU than in the US. Rapid
diffuson of new technology will facilitate the adjustment process in
the future. However, an inditutional environment that dows down
change may hold up the structura adjustment process in Europe and
inhibit the reallocation of resources to their most productive uses.

e Labor productivity is a useful measure: it relates to the single
most important factor of production, is intuitively agppeding and
relatively easy to measure. Also, labor productivity is a key
determinant of living standards, measured as per capita income,
and from this perspective is of significant policy relevance.
However, it only partially reflects the productivity of labor in
terms of the persona capacities of workers or the intensity of their
efforts. Labor productivity reflects how efficiently labor is combined
with other factors of production, how many of these other inputs
are available per worker and how rapidly embodied and
disembodied technica change proceed. This makes labor productivity a
good starting point for the analysis of some of these factors. One
way of carying out further andyss is to turn to multifactor
productivity (MFP) measures.

e Multifactor productivity measurement helps disentangle the
direct growth contributions of labor, capitd, intermediate inputs and
technology. This is an important tool for reviewing past growth
patterns and for assessing the potential for future economic growth.
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* However, one has to be aware that not all technical change
translates into MFP growth. Animportant distinction concerns the
difference between embodied and disembodied technological
change. The former represents advances in the design and quality
of new vintages of capital and intermediate inputs and its effects are
atributed to the respective factor as long as the factor is remunerated
accordingly.

e Further, in empirica studies, measured MFP growth is not
necessarily caused by technological change: other non-technology
factors will also be picked up by the residud.
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