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Abstract

This paper provides an empirical analysis of energy- and labour-productivity convergence at
a detailed sectoral level for 14 OECD countries, covering the period 1970-1997. A s-
convergence anaysis shows that the development of cross-country variation in productivity
performance depends on the level of aggregation. Both patterns of convergence as well as
divergence are found. A b-convergence analysis provides support for the hypothesis that in
most sectors lagging countries tend to catch up with technological leaders, in particular in
terms of energy productivity. Moreover, the results show that convergence is conditional
rather than unconditional, meaning that productivity levels converge to country-specific
steady states, and that cross-country differences of energy-productivity levels are
substantially larger than of labour-productivity levels at al levels of sectoral aggregation.
Finally, searching for the fundamentals determining cross-country productivity differentials
reveals a positive productivity effect of energy prices and economies of scale in severa
sectors, while wages, investment share, openness and specidization play only a very limited
role in explaining (cross-country differencesin) energy- and labour-productivity growth.
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1. INTRODUCTION

Economies differ, and so does productivity performance. Of course, economies also interact
and, hence, productivity developments are thought to be determined not only by
developments within a particular country or sector, but aso by what is happening in the
outside world. Therefore, a key issue in understanding long-run productivity performance is
whether the process of economic growth tends to involve reductions in productivity
differences among countries, for example, due to capital accumulation or technology
transfers. The introduction of new or endogenous growth theories has generated renewed
interest in this question and has induced a wave of empirical research on cross-country
convergence of per capitaincome as well as of labour productivity or total factor productivity
(e.g., Barro and Salai-Martin 1992, Mankiw et al. 1992, Islam 1995). This issue obviously
bears important implications for the internationa welfare distribution. At the same time, over
the last decades increasing attention is paid to the role of energy in production processes and
economic growth. Energy consumption is an important source of greenhouse gas emissions.
Most governments in OECD countries explicitly recognize the need for sustainable
development and aim at a decoupling of economic growth and environmental pressure. In a
more operational sense this implies that not only labour productivity, but also energy
productivity have to increase. Consequently, important questions arise concerning the
dynamics of cross-country differences of energy- and labour productivity. Are these
differences decreasing, or is the gap between leading and backward countries getting larger?
Does energy-productivity convergence follow patterns of labour-productivity convergence?
Do relatively inefficient countries catch-up with technological ‘leaders? And if so, how
quickly and by what means? Do convergence patterns differ substantially across sectors? We
will answer these questions by simultaneously carrying out an empirical analysis of cross-
country energy- and labour-productivity convergence at a detailed sector level, using a new
dataset that merges energy data and economic data for 13 sectors and 14 OECD countries,
covering the period 1970-1997.

In severa respects, our paper differs from previous empirical research on cross-
country convergence. By including energy-productivity developments, our anaysis differs
from the empirical macroeconomic convergence literature that focuses on convergence of per
capita income, labour productivity and total factor productivity. Moreover, in spite of many
existing cross-country studies on energy-productivity or energy-intensity developments and
its determinants (e.g., Howarth et a., 1991; Miketa, 2001; Schipper and Meyers, 1992;



Unander et al., 1999; Mulder and De Groot 2003), to the best of our knowledge this literature
lacks a systematic convergence analyses from a macroeconomic perspective. Hence, we add
to the existing literature a systematic comparison of energy- and labour-productivity
convergence. Finaly, we do so at a detailed sectoral level. By looking at cross-country
convergence patters within sectors, our analysis differs from virtualy al convergence studies
in the empirical growth literature, since they employ aggregated data. Important exceptions
are sectoral studies by Dollar and Wolff (1988, 1993) and Bernard and Jones (1996a,b) who
- using (partly) the same data source (OECD’s ISDB) - conclude that a convergence analysis
of aggregate productivity levels masks substantial differences at the sectora level. An
important underlying reason for this result is that productivity levels, measured as the ratio of
value added over a unit of input (energy, labour), can substantialy differ among sectors
because some activities require inherently more capital, higher labour skills and/or
technology than others. Aggregate productivity trends are therefore not directly attributable to
technological change in individual sectors, as they can aso be the result of changes in the
distribution of production factors among sectors. Our sectoral approach corrects for most of
the impact of such changes in the structure of production on aggregate productivity
developments and, hence, establishes a closer link to issues concerning international
convergence of technology driven productivity performance. Our anaysis differs from the
previousy mentioned sectora convergence anayses in comparing labour- and energy-
productivity convergence, in further disaggregating the manufacturing sector into 10 sub-
sectors,? in using more recent data and in carrying out a more extensive search for country-
and sector-specific factors to explain productivity convergence patterns.

The paper proceeds as follows. Section 2 contains a brief review of the convergence
issue in the economic literature, in order to provide some theoretical background to our
empirical analysis and to introduce several concepts used throughout the paper. Section 3
describes the data used. In section 4 we analyse the development of cross-country differences
of energy- and labour-productivity levels within sectors over time. In section 5 we use a panel
data approach to test the proposition that sectoral growth rates of energy- and labour
productivity are inversely related to their initia levels of energy- and labour productivity,
indicating possible patterns of catching-up. In addition, we try to identify the country- and

2 Although Dollar and Wolff (1988, 1993) distinguish 28 sectors, they only present a labour-productivity
convergence indicator for afew years and did not perform a regression analysis to test for convergence patterns.
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sector specific fundamentals determining (differences in) energy- and labour productivity
developments. Section 6 summarises and concludes.

2. THE ISSUE OF CONVERGENCE

The concept of productivity convergence has its roots in traditional neoclassical growth
theory, with its central notion of atransitional growth path to a steady state. The Solow-Swan
model (Solow 1956, Swan 1956) postulates convergence of per capita income, driven by the
assumption of diminishing returns to capital accumulation at the economy-wide level. The
dynamics of the mode imply that initial differences in per capita income and capita
endowments will vanish in the long run, due to declining growth rates as countries approach
their steady state. In the steady state, diminishing returns are offset by technological progress,
the principa source of long-run economic growth. The new or endogenous growth theory
(Lucas 1988 and Romer 1986, 1990) yields a more diverse picture concerning patterns of
convergence. In this view economic growth is ultimately driven by accumulation of
knowledge or human capital, which is (at least partially) a public good. Hence, cross-country
convergence depends on the extent of international knowledge spill-overs, alowing less
productive countries to catch-up with more advanced economies. As such, endogenous
growth theory supports the old hypothesis of the existence of an ‘advantage of backwardness
(Gerschenkron 1952), suggesting that being relatively backward in productivity carries a
potential for rapid advance (see, e.g., Abramovitz 1986). At the same time, endogenous
growth theory suggests that growth differentils may persist or even increase: learning
effects, externalities and market imperfections alow for economy-wide increasing returns to
capital accumulation and the existence of multiple steady-states. A mixed view on
convergence patterns also emerges if one takes into account the role of international trade: on
the one hand trade will enhance cross-country convergence through knowledge diffusion and
increasing competition, but on the other hand it may contribute to cross-country divergence
since trade advances international specialization (e.g., Grossman and Helpman 1991).

These various approaches generated some degree of controversy around the issue of
convergence and caused the convergence hypothesis to be the subject of extensive empirical
research (see Islam 2003 for a recent survey). The stage for this convergence debate was set
by Baumol (1986), who reported a strong negative relationship between the intia level of
labour productivity and its subsequent growth over a long period (1870-1979), which he



argued to be strong evidence in favour of convergence. Abramovitz (1986) presented similar
evidence, arguing that catch-up growth has been most prominent in the period since 1945.
This position was challenged by Del.ong (1988) who argued that Baumol’s results suffered
from a sample bias, in that his analysis has been confined to a sample of countries that have
become rich and developed; if one takes a sample of countries that in 1870 seemed likely to
converge, the evidence of convergence is less clear cut. In addition, a number of studies have
presented evidence of income convergence across countries, by explicitly testing (augmented
versions of) the Solow growth model (e.g., Barro 1991, Barro and Saai-Martin 1992,
Mankiw et al. 1992, Isam 1995). These empirical cross-country growth analyses raised the
important question of whether countries converge to a global or rather to alocal steady state,
the latter implying that convergence is conditional on cross-country differences in steady-
state characteristics. They are, respectively, referred to as unconditional (or absolute) and
conditional (or relative) convergence. This idea has been formalised by Durlauf and Johnson
(1992) and confirmed by several studies in this field, some of them suggesting the existence
of convergence clubs. groups of countries converging to different steady states (e.g., Chatterji
1992, Chatterji et al. 1993, Quah 1997).2

From this literature it follows that convergence can be understood in terms of levels
and growth rates, which trandates into a distinction between so-called s-convergence and b-
convergence (e.g., Barro 1991, Barro and Saai-Martin 1992). The former refers to a
decreasing variance of cross-country differences in productivity levels, while the latter
suggests a tendency of countries with relatively low initial productivity levels to grow
relatively fast, building upon the proposition that growth rates tend to decline as countries
approach their steady state. Obviously, s-convergence and b-convergence are closely related.
A narrowing dispersion of cross-country productivity differences implies that countries with
a relatively poor initial productivity performance tend to grow relatively fast. However, as
has been argued by Quah (1993), a datistically significant inverse relationship between the
initial level and the growth rate of productivity performance can be consistent with constant
or even increasing cross-country productivity differences — a phenomenon known as Galton’s

% For more complete surveys of the convergence debate we refer to Barro and Sala-i-Martin (1995), Broadberry
(1996), Durlauf and Quah (1999), Fagerberg (1994), Economic Journal (1996) and Islam (2003). For more
recent work on evidence of and driving forces behind convergence patterns see, for example, Baumol et a.
(1994), van Ark and Crafts (1996), Kumar and Rusell (2002), Miller and Upadhyah (2002) and Tondl (2001)
among many others.



Fallacy of regression towards the mean.” In other words, b-convergence is a necessary but not
a sufficient condition for s-convergence. In this paper we will explore both patterns of s-
convergence and b-convergence. Moreover, we test whether convergence is conditional or
unconditional and which are the factors explaining (cross-country differences in) labour- and

energy productivity growth.

3. DATA

The anaysis presented in this paper is based on a newly constructed database that merges
energy data from the Energy Baances as they are published by the International Energy
Agency (IEA) and economic data from the International Sectoral Database (ISDB) and the
Structural Analysis Database (STAN), both published by the OECD. The main idea behind
the construction of this database is to establish a link between economic and energy data at a
detailed sectoral level. Thisresultsin the sector classification as described in Table 1.

< |nsert Table 1 around here >

The database covers the period 1970-1997 and includes the following countries: Australia
(AUS), Belgium (BEL), Canada (CAN), Denmark (DNK), Finland (FIN), France (FRA),
West-Germany (WGR), Italy (ITA), Japan (JPN), the Netherlands (NLD), Norway (NOR),
Sweden (SWE), United Kingdom (GBR) and the United States (USA).

We measure energy productivity by gross value added per unit of fina energy
consumption and labour productivity by gross value added per worker (in full time
equivalents). Value added is the net economic output of a sector, measured by the price
differential between the price of output and the cost of input and comprises compensation to
employees, operating surplus, the consumption of fixed capital and the excess of indirect
taxes over subsidies (OECD 1998). Following the IEA, energy use is defined as final energy
consumption in kilo tonnes of oil equivalence (ktoe),> with sectoral data excluding
transformation losses. Total employment is measured in the full-time equivalent number of

persons, including self-employed.

* See Bernard and Durlauf (1996) and Durlauf and Quah (1999) for further discussion of empirical
methodological issues of convergence tests.

® Hence, we do not analyse explicitly the impact of changes in fuel mix on overall energy-efficiency
improvements.



Moreover, the database includes data on Investment, Energy Prices, Compensation of
Employees, Export and Import — all at the sectoral level. The sector-specific energy prices are
constructed by dividing sector-specific expenditures on energy over total sectora energy
consumption. The sector-specific expenditures are calculated as the product of the sectora
consumption of the four main energy carriers (Coal, Natural Gas, Electricity, Oil) — available
from the Energy Balances — and the (annual) price of each energy carrier at the aggregate
industrial sector — available from the IEA Energy Prices and Taxes series. In addition, some
missing aggregate energy price data series have been constructed.®

All currency-denominated variables are in 1990 US$ and have been converted by the
OECD using 1990 purchasing power parities. In principle the theoretically most appropriate
conversion factors for productivity comparisons at the sectora level are to be based on a
comparison of output prices by industry of origin, rather than on expenditure prices (see, for
example, van Ark and Pilat 1993). Expenditure PPPs exclude the part of output that is
exported, while they include imported goods produced elsewhere; they take account of
differences in trade and transport margins and indirect taxes between countries, and they do
not cover intermediate products. The main problem in using the production or industry-of-
origin approach, however, is the limited availability of producer-price based PPPs, in
particular for non-Manufacturing sectors (van Ark 1993).” Moreover, we have no a priori
reason to presume that the drawbacks of expenditure PPPs differ substantially across
countries. Hence, we follow most studies including cross-country productivity comparisons
using expenditure PPPs, which enables us to do a systematic cross-country convergence
analysis of energy- and labour-productivity performance at a high level of sectoral detail.
Obvioudly, the results presented in this paper should be interpreted with caution, bearing in

mind the before mentioned issues.®

® Further details on the dataset, including descriptive statistics, are available upon request.

" This limited availability is due to some problems inherent to the industry-of-origin approach: producer prices
(i.e., production values divided by output quantities) may not properly account for cross-country quality
differences and imply aggregation problems for they are available only for a sample of goods (partly because of
confidentiality problems), and because the production structure among countries tends to be less comparable
than the consumption structure due to speciaization tendencies in production according to comparative
advantage (Pilat 1996).

8 For a discussion of this issue in empirical analyses of convergence at the sectoral level see Serensen (2001)
and Bernard and Jones (2001).



4. s-CONVERGENCE

This section deals with the notion of convergence in terms of levels. Do cross-country
differences in energy- and labour-productivity levels decrease over time? Are patterns of
energy-productivity convergence similar to those of labour-productivity convergence? And to
what extent do the results depend on the level of aggregation? To answer these questions we
calculated for each sector the unweighted cross-country standard deviation (s) of the log of
energy- and labour productivity, among the 14 OECD countries (insofar as data are
available).® Figure 1 presents the degree of variation in ‘macroeconomic’ energy- and labour-
productivity levels, being the sum of aggregate Manufacturing, Transport, Services and
Agriculture™ The figure shows that cross-country differences in energy-productivity levels
are substantially larger than cross-country differences of labour-productivity levels.
Moreover, it can be seen that over time the standard deviation of the log of energy-
productivity performance is increasing, indicating s-divergence, while the opposite is true for

cross-country labour-productivity performance, displaying a pattern of s-convergence.

< Insert Figure 1 around here >

As we noted in the introduction, a convergence analysis at aggregate levels may mask
considerable variation in sectoral productivity developments (cf. Bernard and Jones, 1996a,b,
Dollar and Wolff 1988, 1993). Therefore, we continue by examining the development of
cross-country productivity differentials within different sectors.

In Figures 2a and 2b we present the standard deviation of the log of, respectively,
energy- and labour productivity for aggregate Manufacturing, Transport, Services and

Agriculture™

® In the literature on convergence analysis, two measures for s-convergence are used interchangeably: (1) the
standard deviation of the log of per capitaincome or productivity (y) and (2) the coefficient of variation which
equals the standard deviation of per capitaincome or productivity divided by the sample average. Dalgaard and
Vastrup (2001) show that these measures lead to different conclusions when applied to the Penn World Table
caused by the fact that the measures assign different weights to individual countries performance. We have
therefore used both measures in our convergence analysis, finding both measures to yield an identical pattern of
convergence, although with small differences in the size of cross-country variance. Details are available upon
request. Here, we only present the result of the SD log-measure (1).

1% Due to limited data availability the calculation of cross-country dispersion, as shown in Figure 1, excludes
Canada, Japan, the Netherlands and Sweden.

1 Due to limited data availability, the following countries are not included in the calculation of cross-country
dispersion, shown in Figure 3. Manufacturing: Japan, the Netherlands; Agriculture: Japan, the Netherlands;
Services. the Netherlands, Sweden; Transport: Canada, the Netherlands.
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< Insert Figure 2a and 2b around here >

From Figure 2a it can be seen that only Manufacturing resembles the macroeconomic pattern
of s-divergence for energy productivity. Transport, Agriculture, and in particular Services,
display evidence of s-convergence. Note that the level of cross-country variation is relatively
high in Services, which is to a large extent due to the exceptional and so far unexplained
energy-productivity performance of Finland and Itay.* Figure 2b shows that the
macroeconomic pattern of s-convergence for labour productivity is only evident in Services
and to a lesser extent in the Agricultural sector. At the same time, variation in cross-country
productivity differentials remains overall fairly constant within aggregate Manufacturing and
Transport (although with fluctuations over time).

Comparing Figures 2a and 2b shows again that in each sector the cross-country
variation of energy productivity is substantially larger than of labour productivity. These
results do not change when the United States is removed from the sample. Moreover, they
accord well with the findings of Bernard and Jones (1996a), who by means of a conclusion
suggest “that international flows, associated mostly with Manufacturing, may not be
contributing substantially to convergence either through capita accumulation or
technological transfer” (Bernard and Jones 1996a:1230). Our analysis suggests that this
conclusion holds even stronger for manufacturing energy-productivity performance, where
international flows cannot prevent an increase in cross-country differences of productivity
levels.

This raises the question as to what the determinants of these cross-country
productivity differences are. In our search for an answer we subsequently take three steps.
First, we go one step further in the s-convergence analysis than Bernard and Jones (1996a,b)
by examining productivity convergence for a breakdown of aggregate Manufacturing in order
to see to whether the energy-productivity divergence and the lack of labour-productivity
convergence observed in aggregate Manufacturing is also found within the different
Manufacturing sub-sectors. Second, we perform a b-convergence analysis to test whether a
statistically significant negative relationship exists between the initial level and the growth
rate of productivity performance, in order to gain a better insight in the mechanism behind the

12 Excluding Finland and Italy from the sample for Services reduces the cross-country dispersion by about 40%
while leaving the pattern of s-convergence unchanged. Note that the Netherlands also exhibits an exceptional
development of energy-productivity performance in Services, but has aready been excluded form the sample
used in Figure 3a.



observed convergence patterns. Third, we will try to explain (persistent) differences in cross-
country productivity growth by examining the role of different country-specific variables in
driving energy- and labour-productivity growth at the sectoral level. The remaining part of
this section is devoted to a s-convergence anaysis for a breakdown of aggregate
Manufacturing into 10 sub-sectors. The other issues are the subjects of section 4.

In Figures 3a and 3b we present the standard deviation of the log of, respectively,
energy- and labour productivity for each of the 10 Manufacturing sub-sectors included in our
dataset.’® Figure 3a revedls that the pattern of divergence in cross-country energy-
productivity performance at the level of aggregate Manufacturing is to be found only in Iron
and Steel and Non-Ferrous Metals. On the contrary, Food, Machinery, Non-metalic Mineras
(until 1980) and Textiles all display evidence of (strong) s-convergence. Cross-country
productivity differences remain more or less constant in Non-Metallic Mineras (after 1980),
Chemicals, Transport Equipment, Paper and Wood.

From Figure 3b it can be seen that the lack of labour-productivity convergence in
aggregate Manufacturing is the result of mixed convergence patterns in different
manufacturing sectors. Chemicals, Iron and Steel, Non-ferrous Metals and Wood exhibit
(strong) convergence, while Machinery shows the opposite pattern of divergence. The sectors
Food, Non-Metalic Minerals, Textile, Paper and Transport Equipment display no clear
evidence for either convergence or divergence, athough the latter shows substantia
fluctuations over time. Moreover, it is to be noted that in Chemicals, Iron and Steel, Non-
Ferrous Metals and Non-Metallic Minerals convergence of labour-productivity performance
is particularly strong during the first half of the 1980s.

< Insert Figure 3aand 3b around here >

In conclusion, we found cross-country variation of energy-productivity performance to be
substantially higher than of labour-productivity performance at all levels of sectora
aggregation, and in particular in Services, Chemicals, Paper, Wood and at an ever increasing
rate also in Iron and Steel and Non-Ferrous Metals. In Machinery, however, cross-country
variation of energy- and labour-productivity differences has strongly converged, resulting in a

3 Due to limited data availability, the following countries are excluded from the calculation of cross-country
dispersion, shown in Figure 4. Food: Australia and Canada; Iron and steel: Japan; Machinery: Canada, Japan,
the Netherlands; Transport Equipment: Canada; Non-Ferrous Metals. Denmark; Paper: Austraia, Japan;
Textile: Canada; Wood: Canada, France, Japan, United Kingdom, United States.
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relatively smal - athough seemingly persistent - difference in the degree of cross-country
variance. Moreover, convergence patterns turned out to depend on the level of aggregation,
with different sectors displaying varying behaviour: some show reduction in variation, some
increasing variation and others neither a clear reduction or increase in cross-country
differences over the whole period.

These results suggest that different mechanisms may be at work in the different
sectors. For example, the observed patterns of divergence might be the result of increasing
international specialization while the tendency to converge might be caused by technology
spill-overs from ‘leaders to ‘followers, allowing lagging countries to catch-up. Moreover,
our results suggest that determinants of energy-productivity growth and labour-productivity
growth might differ from each other, since we found no clear-cut (and sometimes even an
opposite) relationship between cross-country convergence patterns in terms of energy
productivity and labour productivity. Finally, even in those sectors showing evidence of
convergence there remains substantial cross-country productivity differences, in particular in
terms of energy productivity. This suggests that convergence does not pertain to a uniform
steady state for all countries. In order to further examine this issue, we continue in the next
section with a search for empirical regularities in the productivity improvements over our
cross-section of countries by testing for sectoral patterns of b-convergence. As part of that

analysiswe will also try to explain (differences in) energy- and labour-productivity growth.

5. b—-CONVERGENCE

This section deals with the notion of convergence in terms of growth rates. In this case
energy- and labour-productivity convergence implies that energy- and labour-productivity
growth rates tend to decline if countries reach their steady states. Obvioudly, it is not an easy
task — if possible at all — to judge whether a country isin its steady state or not. It is possible,
however, to analyse the correlation between growth rates and levels, assuming that a negative
correlation between these two provides an indication for convergence, because it suggests
that countries with relatively low initial energy- and labour-productivity levels catch-up to
more advanced economies. The rationale behind this is that those countries lagging behind in
terms of productivity levels can benefit from relatively high margina factor productivity or
from the experience and technologies developed by the countries operating at the forefront. In
this section we adopt a panel-data framework to regress average energy- and labour-

productivity growth rates on initial productivity levels, generating an estimate of the
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coefficient b, for each sector. A negative estimated coefficient b indicates the existence of so-
caled b-convergence. We start in section 5.1 by testing for unconditional convergence,
assuming that energy- and labour productivity converge towards a unique steady state for all
countries included in the data set. In section 5.2 we relax this assumption and test for
conditional convergence, assuming productivity levels to converge towards multiple steady
states that are conditional on country-specific characteristics. Finally, as part of this anaysis
we try to identify the country-specific characteristics that determine (differences in) energy-
and labour-productivity growth across countries.

5.1 Unconditional b-convergence
We test for unconditional b-convergence by regressing for each sector the growth rate (g) of,
respectively, energy- and labour productivity (y), on its initial level (and a constant a),
generating an estimate of b, according to:

gi =log(y),, - log(y).... =a +bIn(y), ., +e, (D)
with i and t denoting, respectively, the cross-country and the time-series dimension,
whilee, is the standard error. Following Islam (1995) we use five-year time intervals in order
to reduce the influence of business-cycle fluctuations and seria correlation of the error term.
Hence, the growth rate (g) in equation (1) is an average over a five-year period (if t = 1975,
for example, t- 1 = 1970). The results are presented in Table 2.

< |nsert Table 2 around here >

From the table it can be seen that we obtain a statistically significant negative estimate of b
for energy-productivity growth in most sectors, except for Total (i.e., the macroeconomic
level), Chemicals, Iron and Steel, Non-Ferrous Metals, Paper and Wood. In terms of |abour-
productivity growth we found b to be datistically significant in all sectors, except for
aggregate Manufacturing and Non-Ferrous Metals.**

14 We also estimated equation (1) including a period-specific fixed effect h, according to gi; = a + b In(y); 1 + hy
+ & . The regression results with these period dummies included do not substantially improve the estimates in
most sectors, except for Non-Ferrous Metals and in terms of labour productivity also for Chemicals, Iron and
Steel and Machinery. These findings suggest, that in spite of a few exceptions, in general there is not much
evidence for substantial differences in growth rates between the time periods included. Details are available
upon request.
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These results confirm the findings of Bernard and Jones (1996a) who aso report lack
of labour-productivity convergence in Manufacturing, weak evidence for convergence in
Agriculture and strong evidence in Services. It is to be noted, however, that in most sectors
that display evidence of convergence, estimates of b are rather small, indicating that lagging
countries catch-up only very slow. Using the estimated values of b, the rate at which the
productivity level is converging to a uniform productivity level can be derived (e.g., Barro
and Sadai-Martin 1992, Mankiw et al. 1992, Idam 1995). Let y* be the steady state
productivity level and y(t) its actual value at any time t. Approximating around the steady
state, the speed of convergence is given by

dlogtt) 'O?j(ty(t)) =1 [log(y")- 1og(y()) @
which implies that:

og(y(t) = - &' Jogly” J+ &' t10g(y(0) €
where (y(0)) is energy- or labour productivity level at some initial date. Subtracting log (y(0))
from both sidesyields

log(y(t))- 1og(y(0) = 1~ &' Jiog(y)- 10g(y(0)) (4)
in which —(1—e"") = b. Hence, the speed of convergence, | , is given by | =—[1/T log(b+1)]

with T denoting the time interval under consideration.” The values of the implied | are
shown in Table 2. They confirm the finding of a slow rate of convergence: the time t needed
for energy productivity to move halfway its initial level (y(0)) and the steady state y* varies
from 8 years (Textiles) to 225 years (Non-Ferrous metals); the half life for labour
productivity liesin between 16 years (Wood) and 87 years (Manufacturing).*

As previously noted, b-convergence is a necessary but not a sufficient condition for s-
convergence. Our findings confirm that those sectors showing evidence of s-convergence
(see section 4) also display evidence of b-convergence: a decreasing cross-country variation
of productivity levels implies by definition that countries with relatively low initia energy-
and labour-productivity levels grow relatively fast. However, the opposite is not necessarily
true, asisillustrated for labour productivity by the sectors Machinery, Non-Metalic Minerals
and Textiles. they pass the test for b-convergence without showing evidence of s-

convergence (see Figure 3b).

1> Since we use five-year time intervals, T = 5in our analysis. Note that in Islam (1995) | = —{(1/T)In(b)] dueto
the fact that he takes In(y);; instead of [In(y)ii— In(y)i.. 1] as dependent variable.

16 The half life (H) isderived frome™" =050 H=In(2) /|
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Finally, it is to be noted that the ability of the smple regression equation (1) to
explain cross-country productivity growth rates is rather small in most sectors. This is not
surprising since the specification of equation (1) implicitly builds upon the assumption that
energy- and labour-productivity levels converge towards a uniform steady state. However,
economies differ and so do (most likely) their steady states. Contrary to a framework of
single cross-country regressions, a panel data framework is capable of allowing for cross-
country differences in steady states in the form of unobservable individual ‘country-effects
(Islam 1995). These country-effects might include al sorts of country-specific tangible and
intangible factors that affect productivity growth and which have not been included in
equation (1) or, to state it differently, have been subsumed in its error term. Therefore, in the

next section we test for b-convergence allowing for these ‘ country-effects'.

5.2 Conditional b-convergence
We test for conditional b-convergence by including (unspecified) individua country-effects
in equation (1), assuming that productivity levels converge to country-specific steady states.
Hence, we reformulate equation (1) into a panel-data model with individual country effects,
according to:

g =bIn(y),., +m +e, (5)
with m representing unspecified country-specific (fixed) effects. In Table 3 we present — for
each sector — the estimated coefficient b obtained from equation (5).

< Insart Table 3 around here >

The table shows that allowing for individua country-effects substantially improves the
explanatory power of the regression equations for both energy- and labour productivity.
Moreover, in terms of energy productivity, equation (5) yields significantly negative
estimates of b in al sectors, including now also Total (i.e., the macroeconomic level),
Chemicals, Iron and Steel, Non-Ferrous Metals and Machinery. Also in terms of labour
productivity the estimates of b are higher in several sectors such as, for example, Services
and Food. The evidence on conditional labour-productivity convergence is, however, less
clear-cut than it is for energy-productivity convergence: in some sectors such as, for example,
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Iron and Steel and Machinery, alowing for individual country-effects in explaining labour-
productivity growth yields statistically less significant or even insignificant estimates of b.

This result suggests that in terms of labour productivity the variation in explanatory
variables over time is relatively smal as compared to cross-country differences, since
correcting for the latter by means of including country-specific intercepts results in weaker
evidence of a negative relationship between the initial labour productivity level and its
growth over time. Nevertheless, the regression results suggest that both energy- and labour-
productivity convergence depend to a large extent on individual country-effects, indicating
energy- and labour productivity to be conditional rather than absolute in virtually al sectors.
The latter is illustrated by the fact that the speed of conditional convergence is substantially
higher than of unconditional convergence: for energy productivity the haf life, as it follows
from the implied | , now lies between 1 year (Transport Equipment) and 14 years (Total) and
for labour productivity it has been reduced to a period in between 47 years (Transport
Equipment) and 77 years (Non-Ferrous Metals).

Of course, this brings back the question as to which are the country-specific variables
driving energy- and labour-productivity growth and, hence, determining the country-specific
steady states? Recall from the introduction that several mechanisms may be at work, causing
‘followers’ to grow faster than ‘leaders : advanced economies may suffer from diminishing
returns, lagging countries may benefit from knowledge spill-overs, production processes may
convergence due to increasing competition, etcetera.

In order to explain (persistent) differences in cross-country energy- and labour-

productivity growth we replace in equation (5) the unspecified country-effects m by a number

of country-specific explanatory variables x', according to:
$ .
g, =a+bin(y).,+a g;xl +e, (6)
j=1

The specified explanatory variables are defined at the sectoral level and include:

XI_Jta _ (PE,t *Pet-1t PEt- 2)

Energy prices: 3
Wages 1 _ (W + Wy + W o)
ag Xt 3
Investment share: X2 :IV
XGS+MGS

Openness: X3 = v
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XGS / a xGs

i=1

Balassa index: %t =5 4 10
[e) o O
a XGS,s/a a XGSs

s=1 i=1s=1

Economies of scale:  x; = %

where sectora indices are omitted for reasons of expositiona clarity and with energy prices
(x2) or wages (%) included, respectively, in case of explaining energy-productivity growth
or labour-productivity growth. We expect energy prices and wages to be positively correlated
with, respectively, energy- and labour-productivity growth. We took a three-year moving
average for the energy price and wages to avoid capturing the effect of short-term price
fluctuations, assuming that investments in energy- and labour-augmenting technologies do
respond to a structural trend in energy price/lwage developments rather than to short term
fluctuations. By including the investment share as an explanatory variable we test for the so-
caled embodiment hypothesis or a vintage effect, assuming that higher investment will
contribute to increasing energy- and labour-productivity growth via technological change
embodied in new capital goods (see, for example, Howarth et a. 1991 and Mulder et al.
2003). We expect openness to have a positive impact on productivity growth, since an open
sector faces relatively strong competition as well as exchange of knowledge, which we both
assume to have a stimulating effect on productivity growth. The Balassa index is an indictor
measuring relative specialization patterns. We expect that if a country specidizes in a
particular sector, that that sector will be technologically relatively advanced, and hence we
expect a positive effect on productivity. Finaly, including an indicator for the relative size of
a sector within a country captures the potential effect of economies of scale on productivity
growth, assuming that a large sector is able to invest relatively much in R&D and in new
capital goods and, hence, might be a technological leader displaying relatively high
productivity growth rates.

The results of regressing average energy-productivity growth rates on initial energy
productivity levels and these additional explanatory variables, according to equation 6, are
presented in Table 4.

" We aso controlled for different specifications of energy prices (current prices, 5-year moving average, and
log 3-year and log 5-year moving average), investment share ((1/Y).. 1, (I/K), (I/K);.1 and In(l/K)..,), aswell asan
interaction term of investment share and log initial energy productivity (In(Y/E)o* (1/Y)). All these specifications
did not substantially alter the estimates. Details are available upon request.
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< |nsert Table 4 around here >

It can be seen that the regression analysis generates significantly negative estimates of b in
Agriculture, Transport, Iron and Steel, Machinery, Non-Metalic Minerals, Paper and
Textiles. Compared to Table 3 this means that in 6 sectors the estimate of b is no longer
satigtically significant once we include the previousy mentioned specified explanatory
variables. The effect of investment share, openness, specialization, and economies of scale on
energy-productivity growth is mixed and their impact is statistically insignificant in virtualy
all sectors. An exception is the energy-price effect, which has in al sectors the expected
(positive) sign, while the positive impact of energy prices on energy-productivity growth is
statisticaly significant in Chemicals, Iron and Steel and Paper, which makes sense since
these are energy intensive sectors. Finally, the speed of convergence has sowed down with
the haf life increased to a minimum of 5 years (Wood) and a maximum of 41 years
(Chemicals).

In Table 5 we present the results of regressing average labour-productivity growth
rates on initia labour-productivity levels and the five additional explanatory variables,
according to equation (6).

< Insart Table 5 around here >

Table 5 shows datistically significantly negative estimates of b for Agriculture, Food and
Textiles only. Similar to energy-productivity growth, the effect of the investment share,
openness, specidization, and economies of scale on labour-productivity growth is mixed
while their impact is datistically insignificant in virtualy all sectors (or it is statisticaly
significant with an unexpected sign such as, for example, in case of the ‘vintage effect’ in
Agriculture, Iron and Steel, Transport Equipment and Wood, and economies of scale in
Services). Finally, the speed of convergence has slowed down with the half life increasing to
in between 12 years (Textiles) and 95 years (Machinery), while for Services the estimate
yields apositive b , implying divergence.

In sum, while there is strong evidence of conditiona convergence in terms of both
energy- and labour-productivity growth (see Table 3), we found energy prices and in
particular wages, investment share, openness, specialization and economies of scale to play
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only a limited role in explaining energy- and labour-productivity growth and, hence, in
determining cross-country productivity differentials. The results shown in Tables 4 and 5
might, however, suffer from an omitted variable bias if the included explanatory variables are
correlated with the unspecified country-effects m, which are excluded from equation (6).
Hence, to correct for this potential bias, we add the unspecified individual country-effects to
equation (6), according to

5 .
g, =a+b In(y)i,t-1+a ngi{ tm+e; (7)
j=1

The results of this regression model for energy-productivity growth are presented in Table 6.
< Insert Table 6 around here >

It can be seen that adding the unspecified country effects again affects the estimates
substantially. The estimation results in Table 6 show that except for Food, Non-Ferrous
Metals and Wood all sectors yield a statistically significant estimate of b, with regression
equation (7) displaying a much better goodness of fit in most sectors than equation (6) (see
Table 4). Except for Food and Non-Ferrous Metals, the speed of convergence has increased
considerably as compared to Table 4 with the half-life to be between 1 and 5 yearsin all other
sectors. The statistically significant energy-price effect is robust in Iron and Steel and in
Paper, while in Chemicals the null hypothesis of no effect is only just rejected at the 10%
level. In addition, energy prices also seem to have a statistically significant positive effect on
energy-productivity growth in Services and Textiles. The impact of the other explanatory
variables on energy-productivity growth remains mixed, with economies of scale having the
largest statically significant effect on energy productivity growth, being positive in Services,
Chemicals and Transport Equipment, while negative in Textiles. We found the vintage effect
and openness to have a statistically significant positive effect in Transport Equipment only,
while for specialization thisis only the case in Iron and Sted!.

In Table 7 we present the regression results of equation (7) for labour-productivity

growth.

< |nsert Table 7 around here >
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It can be seen that in most sectors also labour-productivity growth is better explained if we
account for country-specific fixed effects. Moreover, the speed of convergence increased in
most sectors as compared to Table 5, with the half-life between 4 years (Transport) and 36
years (Agriculture), and with Machinery as the most important exception (with its haf life
increasing to 367 years). Table 7 shows that wages have a statisticaly significant positive
effect on labour-productivity growth in Agriculture and Textiles, while this is negative in
Transport Equipment. Moreover, similar to energy-productivity growth, the impact of the
other explanatory variables on labour-productivity growth remains mixed, with economies of
scale having again the largest statistically significant effect, being positive in Transport, Non-
Ferrous Metals and Paper, while it is again negative in Textiles. We found openness to have a
statistically significant positive effect in Paper only, while for specialization this is again only
the case in Iron and Stedl. Finally, the results do not give any support to the vintage effect,

with the only statistically significant estimates displaying a negative sign.

6. CONCLUSIONS

This paper extends the existing empirical analyses of convergence patterns by providing a
systematic comparison of energy- and labour-productivity convergence at a detailed sectoral
level for 14 OECD countries, covering the period 1970-1997. A s-convergence anayss
revealed that the development of the cross-country variation in energy- and labour-
productivity performance depends on the level of aggregation, with different patterns of
productivity convergence and divergence across sectors. At the macroeconomic level we
found evidence of energy-productivity divergence, driven by aggregate Manufacturing, as
well as labour-productivity convergence, mainly driven by Services. The Manufacturing
energy-productivity divergence turns out to be caused by the Iron and Steel and the Non-
Ferrous Metals sectors. Moreover, despite a lack of evidence of labour-productivity
convergence at the aggregate Manufacturing level, there is evidence of labour-productivity
convergence in several Manufacturing sub-sectors, with Machinery as the most important
exception in that it shows a clear pattern of divergence (in particular after 1985). A b-
convergence analysis, using a panel-data approach, led tot the conclusion that in most sectors
energy-productivity growth is relatively high in countries with relatively low initia
productivity levels, while in several sectors this is aso tr