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ABSTRACT

This paper explores the rdationship between inter-industry specidization and labor
productivity in the European Union countries in order to indirectly test out the different trade
theories and explore the role of labor productivity in achieving a specidization in high-tech
indudries. Evidence only patidly seems to support the close rdationship between inter-
industry specidization and labor productivity expected from a Ricardian framework. Less
developed countries in the European Union, specidized in low-tech industries, do not show
comparaive higher productivity in these indudries On the contrary, they frequently achieve
good performances in the high-tech indudtries, heped by the foreign direct invesment, what
only can be undersood on the bass of the Heckscher-Ohin-Vanek framework (HOV),
assuming very smadl factor dadticity of subgtitution in the technologica advanced indudries,
in oppogtion to the low-tech ones. As a consequence, high labor productivity in high-tech
indudtries is not a guarantee of specidization in such kinds of indudtries. Technologica capitd
endowments are required, again in accordance with the HOV moded. So, backward countries
should have to support the development of ther high-tech indudtries on large expenditures in
R& D, even if they want to attract foreign companies.
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[.INTRODUCTION

In spite of the growth of international economic integration and globdization, it ill reman
ggnificant differences in factor prices among countries, incuding the mog indudridized, thet
could judify a least patidly the differences in labor productivity founded. Those differences
do not show a dear tendency to diminish, as is wdl known from Ddlar and Wolff's key
contributions (Dollar and Wolff, 1993). Nether does the differences in inter-indudry
Specidization among countries, as dso Wolff shows (Wolff, 1999) and other author focusing
in the European Union area (Sepir, 1996; WIFO, 1999; Middfart, Overman, Redding and
Venables, 2000; Aiginger and Davies, 2001; Middfart, Overman and Venables, 2003).

From ingde the Heckscher-Ohin-Vanek (HOV) framework, differences in factor prices
among countries will lead them to specidize in those indudries usng more intengvey ther
chegpest factors of production, achieving relatively lower labor productivity in these factors.
On this bass, it is expected for backward countries to exhibit lower labor productivity, given
its lower wages. Besde, this result would extend to every manufacturing indudtry & the same
proportion if congtant return to scae and identica technologies and wages were assumed.
Therefore, when differences in these issues are conddered, differences in inter-industry labor
productivity will appear. In tha case, indudries characterized by a higher posshility of
subgtitution between factors of production will use more intengvely labor in less developed
countries, making this factor to exhibit lower productivity.

Suppose now those industries showing superior capabilities of subdtitution between factors
are the lesser technologicd advanced ones, what might be expected due to the greater
dandardization of their products and the higher employment of not skilled labor. Then the less
developed countries, that tend to be specidized in those kinds of indudtries, would exhibit
relative lower productivity in them. But this result is contrary to the expected from insde the
Ricardian framework. Following that, the more dandardize an industry is the eeder to
develop for backward countries. Thus, these are supposed to achieve reatively high labor
productivity in more standardized manufacturing industries (Gomory and Baumol, 2001).

According with that, an indirect way of tegding the two above mentioned theoretica
framework is dudying the reationship between development, specidization and labor



productivity across countries and indudtries. This is precisely our main purpose in this paper,
taking as a base ten European Union countries (Germany, Belgium, Denmark, Spain, France,
Netherlands, Itay, Luxembourg, Portugd and the United Kingdom), what obvioudy means a
limitation for such ambitious subject, but this is only a first gpproach that has to be completed

with more countries and more extended data series.

Another purpose of the paper strongly related with the first one is to explore the role of
labor productivity in the achievement of a high-tech industry, as many countries are
committed in such a task, what for some of them, as Spain, Itay or Portuga have become very

urgent, as they are more threatened by emergent economies.

To these purposes, we use the Groningen Growth and Development Centre database for
indudtrid  activities, with 26 indudrid sectors dassfied according to the Internationd
Standard Classification (ISIC) revison 3'. The Groningen Growth and Development Centre
teake as the point of departure the OECD Structural Analyss (STAN) database, which is
largely based on latest officid nationa accounts of OECD countries. We have built up a pand
data for the ten above mentioned countries in the ten years of the period 1993-2002.

The paper is dructured as follows. In Section Il, the differences in specidization across
industries and countries are explored. Section 11l is focus on the reationships between
development, inter-industry specidization and labor productivity by indudries. Findly, in

! Using the ISIC rev.3 classification and mixing the types of manufacturing industries provided by the OECD
and the European Commission, focusing on demand growth and technological intensity, we distinguish three
kinds of industries: 1) high demand and technological intensity or advanced manufacturing (office machines;
insulated wire; other electrical machinery and apparatus; electronic valves and tubes; telecommunication
equipment; radio and television receivers; scientific instruments, dher instruments); 2) medium demand and
technological intensity or medium manufacturing (chemicals; rubber and plastics, mechanical engineering; motor
vehicles; building and repairing of ships and boats; aircraft and spacecraft; railroad equipment and transport
equipment); and 3) low demand and technological intensity or traditional manufacturing (food, drink and
tobacco; textiles; clothing; leather and footwear; wood and products of wood and cork; pulp, paper and paper
products; printing and publishing; non-metallic minerals products; basic metals, fabricated metal products;
furniture and miscellaneous manufacturing). We define the indexes for the high-tech sectors as those referred to

the aggregate of the first group of industries.



Section IV, a degper andyss about the relaionship between specidization and labor
productivity by indudries is undetaken, dthough focusng in the high-tech ones. The last

section concludes.

I1. PRODUCTION SPECIALIZATION PATTERNS BY COUNTRIES AND INDUSTRIES

We begin our sudy by showing, in Figure 1, the specidization indexes (SS) of each of the
ten European Union countries consdered, in the high-tech industrid manufacturing sectors.

These indexes are defined as follows.
SSjeu = sj/ SEU [1

where S; denotes the share of industry i in country j’s total manufacturing value added and Sey
is the same ratio for the whole European Uniorf. Specificdly, when this indicator turns up a
vaue higher than one for a particular sector, it can be said of the country in question in each
case that it is comparatively more speciadized than the European Union in that sector.

In 2002, there were three countries that were clearly specidized in the high-tech indudtries,
France, the United Kingdom and, to a lesser extent Germany, with some differences between
them: Germany produced more dectric machinery and other instruments and fewer computers
than the other two countries. France was highly specidized in dectronic vaves and tubes ad
telecommuni cation equipment, while the United Kingdom in office machinery.

If we congder not only high but dso medium-tech sector, the above picture does not
change properly, except by the fact that Germany improves its postion because is stronger
than France and the United Kingdom in its medium-tech indudries, particulaly in motor
vehicles and mechanica engineering.

2 This quotient, used here as an indicator of production specialization, was originally designed by Balassa

(1965) to measure the comparative commercial advantage revealed in the economy.



Figurel
Specialization indexesin the high-tech sectors, 1993-2002
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Source : Groningen Growth and Development Centre, 60-Industry Database (2005).

On the other hand, as is a common knowledge, there were other three countries clearly
centred on low-tech indudries: Portugd, Ity and Spain. However, there were very sgnificant
differences among them too, showing Italy and Spain in sronger postions than Portugd in the
medium and high-tech indudtries’. Within the low-tech indudtries, Portugd and Itdy led in
textiles, clothing and leather and footwear, while Portugd and Spain were the front runner in
non-metdlic minerals and products.

Denmark, Belgium and the Netherlands were Stuated in an intermediate postion, between
the two aforementioned groups of countries. Denmark, with a specidization pettern amilar to
that of the European Union as a whole, was the leader in other instruments and scientific
indruments, while Belgium led in basc metds and indudtrid chemicas and the Netherlands in
radio and television recelvers, furniture and food, drink and tobacco.

% This means that the relative position of these three countriesin the Figure 1 improve dightly if mediumtech

sectors are also included and particularly this of Spain.



These patterns of production specidization underwent some changes snce 1993. In the
nine years between 1993 and 2002, Germany, the Netherlands and Belgium fell behind from
the pogdtion their high-tech industries formerly held, while France, the United Kingdom and
Denmark advanced rapidly in these sectors replacing low-tech with high-tech manufacturing.
Germany reinforced its pogtion in the medium-tech indudtries and logt industrid weight in the
office machinery, while the United Kingdom gained ground in that sector. And respect the
latin countries specidlized in low-tech indudries, only Portugd became more smilar to the
European Union as a whole, deveoping ther high-tech sectors (and medium-tech), while Itay
and Spain surprisngly reinforced their relative postion in the low-tech indudtries, the first of
them losing weight in high-tech industries and the second aso in medium-tech.

1. SPECIALIZATION AND LABOR PRODUCTIVITY

As Figure 2 indicates, the specidization of the countries in the high-tech sectors seems to
be related to their economic development, measured by their per capita income, what help to
explan why it change 0 little. Only the specid case of Luxembourg disturb the corrdation
that on the contrary would improve if compatible information about Irdand and Finland were
available, because these have been the countries growing faster and with a stronger increase of
its goedidizaion in the high-tech sectors in the European Union during the period here
studied.

From a Ricadian perspective, countries specidized in the high-tech sectors could be
expected to reach higher labor productivity levels in those sectors, because they are equipped
with the necessary wherewithd. This would dso hold for a HOV modd if dl the industries
show the same factor eadticities of subdtitution and the factor price equdization fals, as the
highttech indudries are intendves in physcd and human capitd, factors more abundant in
richer countries.

However, we are confronted by the fact that the patterns of sectoral labor productivity do
not fit those specidization patterns. Figure 3 offersafirgt picture depicting that problem.



Figure2
Per capitaincome and production specialization in the European Union, 2002
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Source: Groningen Growth and Development Centre, 60-1ndustry Database and OECD (2005).

Figure3
Relative labor productivity in the high-tech sectors, 1993-2002
(EU=100)
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As can eadly be observed, the differences among the countries in labor productivity in the
high-tech manufacturing sectors in 2002 are not in accord with the mentioned expectations,
with Spain, Ity and Portugd registering achievements on a par with Germany's and even
better than the United Kingdom's if we go back ten years to 1993. This picture does not
change a dl if we look a the high and medium-tech sectors taken together. And it would be
even more shocking referred to the relative unit labor costs. Thanks to their low wages, even
partidly corrected by lower prices corresponding to the lower qudity of their products, Spain,
Ity and Portuga are among the countries with the lowest unit |abor cods.

But Figure 4, with shows for ten countries the ratio of labor productivity in the high-tech
indudtries to low-tech sectors is even more griking, as it indicates that the less developed
countries in the European Union have reached reatively higher labor productivity levels in the
highttech manufacturing sectors, wha is mainly due to a very low labor productivity leves in
the traditional industries where they specidize. The case of Portugd is particularly sriking.
Obvioudy, this is trandated into reativdy lower unit labor codts in the high-tech sectors.
Figure 5 shows even more clearly that there is a negative corrdation between economic
development and relative sectora productivity in the high-tech industries’.

Though dl these results seem initidly surprising, they can be understood on the basis of the
HOV modd if the margind rae of subgtitution in production between labor and capitd is
much higher in the low-tech sectors and factor price equdization fals. In this case, the
differences in labor productivity between countries would be higher in the low-tech sectors.
However, amilar or higher absolute labor productivity leves in the high-tech indudries in
countries with diverse leves of devdopment are more difficult to make compatible with this
modd, dthough not impossble They would imply very little fectorid posshilities of
subdtitution in the high- tech indudries So, the differences in labor productivity among the
countries in such industries would find and explanation in the differences of intra-industry
Specidization.

“ Thisis not a result of less relative labor productivity in the high-tech sectorsin the countries specialized in

those sectors.



Figure4
Labor productivity, 1993-2002
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Source : Groningen Growth and Development Centre, 60-1ndustry Database (2005).

Figure5
Per capitaincome and relative sectoral labor productivity in the
European Union, 2002
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Anyway, even with s0 smdl sample of countries, if we look for the expectations derived of
the Ricardian modd, we can find out a podtive and ggnificant reationship between
soedidization in high-tech industries and relative labor productivity in them, as Figure 6
shows. The cases of France and the United Kingdom are keys in that result that could improve

if we considered awider disaggregation of indudtries.

Figure 6
Relative labor productivity and production specialization in the
European Union, 2002
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Source: Groningen Growth and Development Centre, 60-1ndustry Database (2005).
Therefore, in order to test this reaionship in a robust way, we have estimated the following
€CoNnometric expresson:
SSijt=a+ BTijt+ uijt [2]

where S is the specidization index before defined and T is reative labor productivity
measured in a Smilar way, that is labor productivity in industry i and country j with respect to
that in tota manufacturing divided by the same ratio for the European Union.

5 In fat the result worsen if the mediumtech sector is added.



We used a disaggregation in 26 indudtries for the ten countries chosen and carried out the
estimates for the period 1993-2002 what provided of 2560 observations®. The variables were
expressed in logarithm in order to better interpret the coefficients, as eadticities Using the
pand data andyss, we found a podtive association between specidization and labor
productivity, as is expected from the Ricardian framework (Table 1). Nevertheess, this
association is dronger in the time path than in the cross-section perspective, as can been tested
comparing the within-group estimator (WG) with the between-group one (BG) which besdes
iS not a consgent estimator due to the existence of individua effects corrdated with the

regressors.

Table 1 . Production specialization and labor productivity
in the European Union
(Regression results wih Panel Data)

Dependent variable: Specialization indexes by industry and by country

Period 1993-2002
Number of observations 2560
Estimator BG WG
Labor productivity® 0,92144 0,87573

(6,10)*** (29,75)***

Adjusted R? 0,32 0,90

My eteroscedastic-consistent t-values in brackets: *** means significant at 1 per cent,
** at 5 per cent, * at 10 per cent.

However, as endogeneity weskness was detected in the above estimate, the Generdized
Method of Moments (GMM) was applied. This procedure controls for the endogeneity of the

regressors, through the use of their lagged vaues as ingruments, and aso eiminates fixed
individua heterogeneity”.

© 40 values are missed because of the lacking of the data for four branches to L uxembourg.

7 For details of the econometric method, see Arellano and Bover (1990, 1995).



The results shown in Table 2 confirm the previous ones. Labor productivity has a pogtive
impact on inter-industry specidization, with a dadticity of 0,85. That means that the increase
of labor productivity in the industries contributes to reinforce a specidization in them as was
expected from the Ricardian framework. But it does not necessarily mean that specidization is
based in the labor productivity level reached. The causdity of the relationship between these
two variables is not clear a dl, and hardly can be assured by any econometric method.
Although a reative good performance in labor productivity is expected to push specidization
in a given indugtry that is adso expected to lead to a Seady increase in labor productivity, in a
virtuous circle.

Table 2. Production specialization and labor productivity
in the European Union

(GMM estimation. Main results)™

Dependent variable: Specialization indexes by industry and by country

Period 1993-2002
Number of observations 2560
Labor productivity® 0,84744
(35,22)***
c? value, Wald test of significance 1240,09

W The ecuation have been transformed in first-differences.

) Heteroscedastic-consistent t-values in brackets; *** means significant at 1 per
cent, ** at 5 per cent, * at 10 per cent.

In another words, does our results mean that any country can reech a specidization in high
tech indugtries soaring labor productivity in them? And if that was the case, would it increase
the threat to the developed world coming from new emerging economies, following the fears
pointed out recently by Samueson (2004)? The answer to these questions does not seem
clearly affirmative just looking & our data, because the less developed countries in the
European Union, Spain and Portuga, showed good performances in labor productivity insde
the high-tech sectors without increase their specidization in them. In fact, as was above
shown, in the case of Spain, such specidization has decreased from 1993 to 2002. But this
seems a o to be the case for the Netherlands and Belgium.



V. EXPLORING THE PATTERNS OF DEVELOPMENT IN THE HIGH-TECH
INDUSTRIES

What we see in the Figures 1 and 2 leads us to ak, firgly, why Belgium, Denmark, Spain,
Portugd and Itdy had attained in the first year we consdered,1993, such a high rdative labor
productivity levels in their high-tech sectors, second, why this has not led them to grester
degree of specidization in those sectors, on the contrary of wha would have been expected on
the bads of the Ricardian framework; and thirdly, with the exception of Portugd, is the falure
in achieving a dronger specidization in high-tech sector the cause of the decreasing in reative
[abor productivity or the opposite?

In some cases, the answer to the first question could be tha foreign capita has been very
hdpful in the devdopment of the high-tech sectors. In Spain, for example, foreign capita
controlled more than 60 per cent of production in such sectors from the beginning of the
1990s, following the foreign invesment boom linked to the integration of Span in the
European Union (Fernandez- Otheo, 2000).

The answer to the second question perhaps lies in that these countries may find it difficult
to advance in the high-tech industries because of their low technologica capacity or smdl
sze. A limited base in technologica capitd may prevent them from moving on to improve and
atain more sophigtication in the qudity of their products. It seems clear, for ingtance, that dl
these countries find it difficult to progress in the computer sector. This is a hypothesis we have
to test.

If that hypothesis found some evidence we would answer to the third question saying that
the decrease of specidization in high-tech sectors of the above mentioned countries led their
levels of labor productivity down.

Therefore, one possble answer to these questions resides in the empiricd fact tha the
specidization indexes in the high-tech sectors (Figure 1) reved a clear connection with the
degree of development of each particular country and, more specificdly, with their base in
technologica capital, as Figure 7 shows Neverthdess, this is not incompatible with a postive
influence of labor productivity on specidization. On the contrary, labor productivity in every
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indugtry aso depends on technologicd capital in the whole economy. However, the point here
is that countries obtain technology from abroad paticularly in the high-tech branches, being
then compatible high vaues of labor productivity in these sectors with poar domestic
technologicad endowment, and this could be the case for the less developed and
technologicaly more dependent economies. Therefore, the gpecidization in the high-tech
industries could be attached to the domestic technological base rather than the increase of
labor productivity in those industries.

Figure?7
Technological capital and production specialization in the

European Union, 2002
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Source: Groningen Growth and Development Centre, 60-1ndustry Database (2005) and OECD, MSTI (2005).

In order to test this hypothess more directly, we regressed the average vaue of the high
tech sectors indexes in each country over the aggregated endowments of physical, human and
technological capita stock per worker, according with the following expression:

SSii = f (K, Hjt, TECH;y) [3]

where | refers to the country, t is the year (t = 1993, ..., 2002) and K, H and TECH denote the
physca, human and domegtic technological capita stock per worker in each country relative
to the European Union average.



The docks of physcd and technologicd capitd were obtaned accumulating the
invesment data given by EUROSTAT and OECD respectively, assuming depreciation rates of
4 per cent and 10 per cent. The human capitd measure is based in the estimates of De la
Fuente y Domenech (2001), interpoling annua dates between each five years offered.

According with the HOV framework, these three explanatory variables reflecting the
relaive capitad endowments are supposed to be postively rdaed with the specidization in
high-tech indudtries, dlegedly intensvesin physica, human and technologica capitd.

Nevertheless, to agpproach the Ricardian effect, we have aso estimated the expression [3]
introducing the labor productivity redly achieved in the high-tech indudtries, not that for the
entire economy.

The main results of the econometric estimates with pand data are given in Table 3. On one
hand, only technologica capital per worker proves to be ggnificat in explaning the
pecidization indexes for countries in the high-tech manufacturing sectors, not only in a cross
sectiond comparison, but dso in the time path. The results for physical and human capitd are
omitted because its lack of dgnificance. On the other hand, the dgnificance of labor
productivity is severdly reduced manly in the betweengroup edimate. Tha means the
oecidization in high-tech sector depend amost completdly on technologica capitd, and
dightly of labor productivity. Evidently, further work must be devoted to finding an
explandion for the differences in specidization between countries within the high-tech
sectors’.

8 In both of the estimates included in this table the within-group estimator (WG) is the only consistent
estimator, due to the existence of individual effects correlated with the explanatory variables.

° Nevertheless, it is always possible to go into a more complex classification of the manufacturing sectors,
introducing several other characteristics, such as scale economies and natural resources. Thisis the road chosen
by Midelfart et al. (2000) and frequently used by the OECD and the European Commission.



Table 3. Production specialization in the high-tech sectors and
technological capital in the European Union
(Regression results wih Panel Data)

Dependent variable: Specialization index in the high-tech sectors by country

1 2
Period 1993-2002 1993-2002
Number of observations 90 90
Estimator BG WG BG WG
Technologica capital ® 0,30625 0,52490 0,32699 0,53698

(318)**  (247)**  (359**  (2,54)**

Labor productivity® 1,00819 0,00784
(1,43) (2,04)**

Adjusted R? 0,53 0,93 0,59 0,93

Heteroscedastic-consistent t-values in brackets: *** means significant at 1 per cent, ** at 5 per
cent, * at 10 per cent.

Findly, we have to be sure that the sgnificance of technological capitd does not capture
the effects produced by openness to foreign competition, a crucid variadle for explaining
differences in goecidization indexes across industries and countries, as we have noted in
another work (Alvarez and Myro, 2005). To test out this hypothesis, we introduced both
vaiables into the edimate with the result that technological cepitd proves to be the more
powerful of the two.

V. CONCLUSIONS

According with the expectations derived from the Ricardian framework, countries tend to
show comparatively high labor productivity levels in the indudtries where they specidize. But
the relaionship is far from being accurate, to the point that less developed countries frequently
obtain high labor productivity levels not only in the low-tech sector but aso in the high-tech
sectors, helped by direct foreign investment. This result is in fact more compatible with the
HOV framework if factor price equdization fals and the eadticity of factor subditution in the
high-tech indudtries are very small and much lower than in the low-tech industries.
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Increasing labor productivity in one industry helps to make stronger the specidization of a
country in it, but does not create it. This seems to depend more on endowments, following the
HOV mode. Therefore, high labor productivity in the more technologicaly advanced sectors
does not seem to guarantee to the less developed countries that they will be able to achieve
oecidization in those sectors. Higher technologicad capitd endowments ae primarily
necessary. Without this, apparently more sophisticated or better quality goods cannot be
produced, thus limiting the expangon of the highttech sectors.

That means that less developed countries have to support the development of their high
tech industries on great expenditures on R&D, paticulally if the base of high-tech indudtry is
foreign direct investment, as the risk of relocation have increased nowadays. This adso means
that new emergent economies, as Chine or India, need to impulse its technological endowment
if they wart to compete in the fidd of the high-tech sectors. At the same time, relocation of
firms to these new economies must find alimit in the lack of technologica endowment.
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