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Abstract This article analyzes the occupational structure of 25 European Union

countries during the period 2000–2004. Shift-share analyses are used to decompose

cross-country differences in occupational structure into within sector and between

sectors effects. The static analysis for 2004 shows that the new member countries

employ a lower share of skilled workers because their industry structure is biased

towards less skill-intensive industries and because they use fewer skills within

industries. The differences in the shares of (high-skilled) non-production workers

are dominated by the between (industrial) effect. In contrast, the dynamic analysis

of 2000–2004 showed that changes in the share of high-skilled non-production

workers are mostly driven by within sector changes, which are probably related to

skill-biased technological change. Similar trends in the countries’ within effects

support the catch-up of the new member countries’ skills demand, while the

structural developments that could equalize the industry mix of the new and old

member countries are related to increased domestic demand and will probably take

time.
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1 Introduction

Many countries have witnessed a marked increase in the demand for skilled workers

since the 1970s. These developments have been registered in high-income as well as

in developing countries. The most common explanation for these developments has

been skill-biased technological change (SBTC) stemming from progress in, for

example, Information and Communication Technologies (ICT) (Autor et al. 1998;

Kelly 2007). Positive relations have been found also between demand for skills and

research and development expenditures, innovation or other technology proxy

variable. Alternative explanations for these upgrading of skills have been

globalisation via foreign trade (Morrison and Siegel 2001), including outsourcing

(Geishecker 2006; Minondo and Rubert 2006); and organisational change (Caroli

and Van Reenen 2001; Piva et al. 2005).

The empirical literature investigating skill-biased technological change has mostly

concentrated on high-income countries,1 but some recent contributions have

investigated the issue for less developed countries (Kijima 2006 for India; Kang

and Hong 2002 for Korea). The cross-country analysis of skills upgrading usually

proceeds from shift-share analysis. The shift-share analysis disentangles a country’s

skills upgrading into between industry and within industry effects. Between industry

effects capture changes in the skill structure due to shifts in the industry composition,

while within industry effects capture changes due to shifts in individual industries’

skill structure. The within industry developments in the demand for skills are mostly

attributed to technological change, but organizational change and trade could also

play a role. The cross-country comparative studies have also limited themselves to

developed OECD countries (Berman et al. 1998) or added a scattered selection of

developing countries around the world (Berman and Machin 2000).

From this it follows that under a straightforward decomposition, a country’s skills

structure is a combination of the developments between industries and within

industries. Reallocation of labour between industries is usually related to the level of

economic development in a country. Raiser et al. (2004) have summarized the

cross-country studies on the relationship between employment structures and

economic development. They concluded that the richer the country, the smaller its

employment share in agriculture and industry, and the larger its employment share

in services. Elsewhere, developments in within-industry skill structures were found

to be similar in high and middle income countries (Berman and Machin 2000).

Continuing along this line of thought, countries at different levels of economic

development should display similar developments in skill structures within

industries, but independent developments between industries.

In 2004, the European Union entered a new era, because ten new less-developed

countries joined the union, of which eight were post-Soviet states. The long-term goal

of the EU is not only to become the most competitive economy in the world (Blanke

2006), but also the convergence of the Member States’ income levels (The Council of

1 E.g. Autor et al. (1998), Morrison and Siegel (2001), Baltagi and Rich (2005) for the US, Berman et al.

(1998) for the US, UK and selected developed countries, Gera et al. (2001) for Canada, Edwards (2004) for

South Africa, Salvanes and Førre (2003) for Norway, Sakurai (2001) for Japan, Kelly (2007) for Australia.
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the European Union 1999). One of the key factors behind economic growth is the

amount and quality of the production factors. Labour decomposition in a country

provides a straightforward picture of where the country is standing in terms of its

industry structure and within-industry skill use. The target of income convergence for

countries cannot be achieved if some countries operate with less advantageous

industry structures or production technology. Investigation of the dynamic develop-

ments in skill structures makes it possible to explain past developments and provide

input for future developments. Expectancies about future developments in skill

structures again provide essential input for educational and labour market policies.

The purpose of this paper is to investigate developments in skill structures in EU

countries. We will address the question whether countries at different levels of

development undergo similar or different developments in skill decomposition

between and within industries. To do so, we will classify the components of the

developments in skill structures for 25 EU Member States in a static and a dynamic

framework. We will also test the simultaneity of within industry skills upgrading

across countries, tracking down technology spillovers across EU members. Two

definitions of skilled workers will be used: the employment share of non-production

occupations and the employment share of high-skilled non-production occupations.2

In terms of time, we will take the period of 2000–2004 for the dynamic analysis and

the year 2004 for the static analysis.

Our study contributes to the literature in two areas. First, we cover the skill

structure of a broad range of countries at different stages of development, but from

one geographical region. Both the post-communist new EU countries and the ‘‘old’’

high-income Western EU members are included in the study, which enables us to

compare the results across two groups of countries. The strong points of our study are

representativeness and comparability of the data as we proceed from methodolog-

ically comparable labour force surveys of individual countries. Second, unlike the

existing literature, we also provide a static analysis of the countries’ skill structures.

Contrary to the dynamic analysis, the individual countries are not compared to their

mean over time, but to the average of the group of countries. This approach is an

effective tool, providing a straightforward explanation as to why any particular

country lacks behind in skill use: whether it is due to the industry structure or to the

within industry skill composition. This methodology is a potential tool for similar

studies using cross-sectional data of countries with diverse economic backgrounds.

Our results suggest that in a static framework the between industry effects

explain most of the differences in the countries’ skill structures. In a dynamic

analysis, similarly to previous studies, we find that the within industry effect is

behind most of the changes in skills structure, likely as a result of skill-biased

technological change. Within industries skills upgrading is, especially in high-

income EU members, similar in the same industries across countries, possibly

reflecting the technology diffusion over the EU.

2 Alternative measures of skills could be the wage bill share of non-production workers, the share of

university degree workers or a codification of a special skill (e.g. cognitive) in a particular occupation.

Despite minor differences between the occupational classifications used in different countries, the

International Standard Classification of Occupations (ISCO-88) is considered to be consistent across

countries at the aggregated level (Elias and McNight 2001).
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The paper is organized as follows. The next section provides some background

information and an overview of previous empirical studies. Section 3 describes the

data. Section 4 presents the static analysis of EU skill structures in 2004. Section 5

presents the changes in EU occupational structures over the period 2000–2004 and

discusses the correlations between the within industry developments. The last

section summarizes the results.

2 Background

The countries under investigation in this paper have very diverse economic

backgrounds. The group of countries includes all Members States of the EU in the

year 2004, including the 10 new Member States (NMS10) that joined in 2004, of

which eight were post-Soviet countries. In terms of macrovariables, in 2002, labour

productivity in the new EU countries was approximately 50% of that of the old

EU15 members. The new members’ GDP per capita in purchasing power parity

adjusted terms amounted to 46.4% of the EU15 average, and the unemployment rate

was almost twice as high (14.7% compared to 7.7%) as the EU15 average

(European Commission 2003a, p. 44).

The differences in the relative prices of labour and capital are also noticeable.

Labour costs in the new Member States were considerably lower than those in the

EU15 countries. In 2003, monthly labour costs in the EU15 were 3,333 EUR, while

the labour costs in NMS10 amounted to only approximately one fourth of this

amount, or 887 EUR (Eurostat database 2007). Capital costs were also in favour of

the new members, although the differences in capital costs are not comparable to

those in labour costs. The implicit tax rate on capital income for EU15 was 19.2%,

whereas for new members it was 12.8%; the average statutory tax rate on corporate

income was 30.1% for old members and 20.6% for new members (European

Commission 2005, pp. 88, 93).3

According to the Heckschler–Ohlin model, the new Member States that witness a

lower relative price of labour should be net exporters of labour-intensive goods,

whereas the old Member States should be net exporters of capital-intensive goods

(see e.g. Leamer 1984, 1992). Taking into account the complementarity of capital

and high-skilled labour, and the substitutability between capital and low-skilled

labour, the occupational structure of the new members compared to the old

members should be inclined towards low-skilled labour.

However, the coexistence of diffusion of technology from the new to the old

members and the witnessed skill-biased technological change in the old Member

States, should over time lead to skills upgrading for both country groups. The

diffusion of new technologies may take place via both international trade and capital

flows, in particular via foreign direct investments (FDI). Barrell and Pain (1997)

estimated the role of FDI in the process of technological change in developed Europe,

proceeding from FDI instead of total capital flows as the former are ‘‘intimately

3 Many observations on implicit tax rates are lacking for the new member countries. The countries

included in the NMS10 figures are the Czech Republic, Estonia, Lithuania and Slovakia. One should also

notice that the tax bases could differ across countries.
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connected to the transfer of technologies between nations’’ (Barrell and Pain 1997,

pp. 1770–1771). In 2001–2003, the accumulated FDI inflow from outside the EU25

countries to new member countries (then accession countries) amounted to only 17%

of the total flows to accession countries (Eurostat 2005, p. 52). Thus, a large share of

the new members’ FDI originates from the EU15 countries.

Berman et al. (1998) found evidence for a skill-biased technological change

(SBTC) in both developed and developing countries. They carried out a cross-

country analysis, based on the argument that due to modern international

communication and trade, the technological change occurring in one country

(notably the USA) is quickly adopted in other countries. Moreover, the more

intensive use of labour-saving technologies decreases the demand for low-skilled

workers all over the world. They tested their hypothesis by decomposing the

differences in the employment share of non-production workers (which they

considered to be skilled) into between industry and within industry components.

According to their cross-country comparison of manufacturing sectors in the

world’s 12 richest countries (in terms of GNP per capita), the share of skilled

workers increased in all of the investigated countries during the 1970s and 1980s,

amounting on average to a 0.4 and 0.3 percentage point increase per year,

respectively. The increase is largely attributed to the within effect, which accounted

for 84% and 92% of the change in the respective decades. Thus, the increase in the

share of skilled workers was mostly the result of shifts towards skilled workers

within industries, instead of a different employment allocation between industries

(Berman et al. 1998, pp. 1257–1258). This within industry effect towards skilled

labour can be interpreted as evidence for skill-biased technological change.

Similarly, the above-mentioned authors found that the increase in the share of

skilled workers, in spite of increasing or stabilized relative wages for these workers,

indicated SBTC in developing countries (Berman et al. 1998, p. 1271).

Empirical research on skill-biased technological change has used two methods to

detect similar trends across countries in skill-biased technological change (Berman

and Machin 2000, p. 18). One method tests whether skills upgrading has occurred in

the same industries across countries. The other method tests for technology transfers as

correlations between skills upgrading and some global input indicator of technological

change (computer usage, R&D intensity, see e.g. Machin and Van Reenen 1998). In

this paper, the first method is used. In addition to testing the simultaneous spread of the

technological change also the correlations between countries’ within industry skills

upgrading are investigated (see Berman and Machin 2000).

3 Data

The analysis of this paper employs micro data from Labour Force Surveys for each of

the 25 countries being members of the EU since May 2004. The data have been

collected in each of the EU Member States and are supplied to Eurostat by each

Member State. Member States have the obligation to provide data compatible with EU

definitions and to follow the same quality standards (European Commission 2006).

The sampling design of EU Labour force surveys varies across the Member

States, but the results are weighted so as to represent the working age population of
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a country. The working age population has been defined in most of the countries as

the age group ‘‘15+’’ or ‘‘15–74’’. Most of the surveys are quarterly rotating panel

surveys with an average sampling rate of 0.49% per quarter in second quarter of

2004. (European Commission 2006) Labour Force survey estimates per year have

been used for this paper. Because, first, changes in skill structure are time

consuming and quarterly data do not provide any additional insights about the

problem and, second, yearly data increases the reliability of the estimates.

The queries for the data sets used in this paper were made in Eurostat and were

provided to the authors. For each country the data set includes the employment

distribution across industries and occupations. The occupational distribution of EU

Labour Force surveys follows the ISCO88 classification, i.e. International Standard

Classification of Occupations of the International Labour Organization (ILO). The

ISCO occupational groups were provided to authors at the one-digit level,

containing 10 major occupational groups and one group where occupation was

unknown (see Appendix A). The industry distribution of EU Labour Force surveys

follows the NACE Rev. 1 classification, i.e. Statistical Classification of Economic

Activities in the European Community. Again the industry classification was

provided at the one-digit level including 17 major industries plus one group where

industry type was unknown (see Appendix B), cf. European Commission (2003b).

Both of the classifications are also comparable outside the EU. The ISCO is as

ILO reference classification internationally well recognised and widely used. The

NACE classification is closely related to the ISIC Rev. 3 classification, i.e. United

Nations (UN) International Standard Industrial Classification of All Economic

Activities. The latter is a UN reference classification that is a product of

international agreement and has been followed by many countries internationally

(see European Commission: CIRCA 2008).

Eurostat provided these survey estimates of industries’ occupational distribution

as yearly employment volumes, all further calculations have been made by the

authors. The time span is reduced to 2000–2004 as for this period data were

available for all of the 25 countries which were EU members from May 2004.

4 Static analysis, 2004

4.1 Cross-country shift-share analysis

This section investigates the cross-country differences of the occupational structures

in the EU25 countries for one year, 2004. The static cross-country shift-share

analysis is used to distinguish between the between and within sectors effects. The

methodology is adopted from Esteban (2000), who used the methodology to

decompose EU regional productivity differentials.

The number of countries, k, in the analysis is 25, k = 1,…, 25. The occupational

shares are based on the one-digit ISCO classification level (‘major groups’),

j = 1,…,11, with one occupational group added to account for the share of

unknown occupations (see Appendix A). The industry shares are presented at the
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one-digit NACE classification level, i = 1,…,18, where again one sector includes

all unknown economic activities (see Appendix B).

The deviation of a particular country’s occupational structure from the average

occupational structure in the EU countries has been decomposed into three effects:

the between effect (Ij
k), the within effect (IIj

k) and the interaction effect (IIIj
k). The

between effect is also referred to as the industry mix component, or the industrial
effect, whereas the within effect is also labelled as the occupational effect or the

technology effect.
The difference between country k’s share of occupation j and the EU25 cross-

country average share of occupation j is denoted as dj
k. This difference is the sum of

the between, within and interaction effects:

dk
j ¼ ok

j � �oj ¼ Ik
j þ IIk

j þ IIIk
j ; j ¼ 1; . . .; 11: ð1Þ

The variable oj
k denotes the share of occupation j of total occupation in country k.

The variable �oj is the EU25 cross-country average of the share of occupation j of

total occupation and is calculated as follows: �oj ¼
P

k ok
j =25 , k = 1,…,25.

The shares of each occupation sum up to one for each country k and also for the

EU average, i.e.
Pok

j¼1

j and
P

j �oj ¼ 1 . The shares of each occupation for each

industry and the shares of each industry sum up to one for every country, i.e.P
j ok

ij ¼ 1 for every industry i and country k;
P

i �oij ¼ 1 for every industry i andP
i sk

i ¼ 1 for every country k;
P

i �si ¼ 1 for the cross-country average, where

�oij ¼
P

k ok
ij=25 and �si ¼

P
k sk

i =25 .

The between effect (Ij
k) captures the differences in the occupational structures due

to the differences in the employment allocation between sectors:

Ik
j ¼

X

i

�oij sk
i � �si

� �
: ð2Þ

The variable �oij denotes the EU average of the share of occupation j in industry i,
si

k is the employment share of industry i in country k, and �si is the EU average of the

employment share of industry i. If the occupational structure within the production

sectors of a country were equal to the EU average for every economic activity, then

the differences in the country’s overall occupational structure would be wholly

accounted for by the differences in employment allocation between the production

sectors. In other words, if the technology in use within a production sector were the

same for all the EU countries, the occupational structures of individual countries

could still differ because of the different importance of each production sector.

The within effect (IIj
k) shows the differences in the overall occupational structure

due to the different occupational structures of each production sector:

IIk
j ¼

X

i

ok
ij � �oij

� �
�si: ð3Þ

The variable oij
k denotes the share of occupation j in industry i in country k; �oij is the

corresponding variable for the EU, and �si is the employment share in industry i for

EU. If the industry structure in terms of employment were the same across the EU

countries, a country’s overall occupational structure could differ because of the
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different occupational structures within industries. Thus, the within effect reflects

the differences in occupational structures due to differences in the technologies used

in the same production sectors.

The interaction effect (IIIj
k) accounts for the effect of the interaction between the

share of occupation j across industries and the employment shares of industries. The

interaction effect is positive if, compared to the EU average, a particular country’s

occupation j is more important for the sectors that the country is specialized in, or

occupation j is unimportant for the sectors that the country is not specialized in. The

opposite holds if occupation j is unimportant for the sectors that a country is

specialized in, or occupation j is important for the sectors that the country is not

specialized in. The interaction effect is derived as follows:

IIIk
j ¼

X

i

ok
ij � �oij

� �
sk

i � �si

� �
: ð4Þ

The sum of the between, within and interaction effects for a particular occupation in

a country is equal to the total difference between the share of the occupation in the

country and the cross-country average share of the occupation in the EU25 (see Eq. 1).

4.2 Shift-share analysis 2004

The differences between the employment shares of each occupation in individual

countries and the corresponding EU average for 2004, are shown in Appendix C. A

positive (negative) sign implies that a country’s share of an occupation is above

(below) the EU25 average. The armed forces (isco 0) and the unknown occupational

group are left out of the discussion for the rest of the analysis (see Appendix A for

the isco classification). Occupation groups isco 1–3 comprise the high-skilled non-

production occupations: legislators, senior officials and managers (isco 1),

professionals (isco 2), technicians and associate professionals (isco 3). For isco 1,

the UK and Ireland are clearly above the cross-country average, whereas Cyprus is

significantly below. For isco 2, Belgium and the Netherlands have the highest

occupational shares, whereas Portugal has the lowest share. For isco 3, Austria and

Germany have the highest shares, and Ireland and Greece the lowest.

The groups isco 4 and 5 represent the low-skilled non-production occupations:

clerks (isco 4) and service workers as well as shop and market sales workers (isco

5). Belgium and Luxembourg have the highest, and Lithuania and Estonia the

lowest shares in isco 4. For isco 5, Sweden has the highest, and Italy and Belgium

the lowest shares. The groups isco 6–8 represent the skilled production occupations:

skilled agricultural and fishery workers (isco 6), craft and related trades workers

(isco 7), and plant and machine operators together with assemblers (isco 8). Poland

has by far the highest share in isco 6. The Czech Republic and Slovakia have the

highest shares in isco 7, while the Netherlands has the lowest share in this

occupational group. Slovenia has the highest, and Cyprus the lowest share in isco 8.

Finally, for the unskilled production occupations in isco 9 (elementary occupations),

Cyprus and Spain have the highest, and Slovenia and Sweden the lowest shares.

It is difficult to draw general conclusions by comparing country’s every isco

group shares to the cross-country EU averages. This also holds when for each
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occupational group the total differences between the national and the EU averages

are decomposed into the industrial, within and interaction effects. These effects are

shown in Appendix D, and will not be discussed further. Instead Tables 1 and 2

present the results of a shift-share analysis for the year 2004 with the number of

occupational groups reduced to two, in order to facilitate the presentation of the

results. The major occupational groups have been aggregated into two occupational

classes in two different ways:

(1) Non-production versus production occupations.

(2) High-skilled non-production versus all other occupations (i.e., low-skilled non-

production and production).

The first division, the non-production versus production division, is widely used

in the literature of skill-biased technological change, although until now only for

dynamic analyses (Berman et al. 1998; Berman and Machin 2000). The second

division, the high-skilled non-production versus the remaining occupations, is used

to check whether the results are robust to different definitions of skills.

It follows that the new Member States employ fewer workers in non-production

(Table 1) and high-skilled non-production (Table 2) occupations than the old

Member States. The correlation between the share of non-production occupations or

the share of high-skilled non-production occupations and a dummy variable

characterizing the country type (old or new member), is significant at the 1% level.

Among the old Member States, Greece, Portugal and Spain have a low share of non-

production and high-skilled non-production occupations, even by comparison with

the new Member States. Therefore the variation is high within the old Member

States group; the standard deviation is 0.069 for non-production and 0.059 for high-

skilled non-production occupations. Within the EU15 group, the Netherlands has

the highest share of non-production and high-skilled non-production occupations,

while Portugal has the lowest shares. The NMS10 group is more homogeneous, with

standard deviations of 0.038 and 0.029, respectively. Only Lithuania and Poland

stand out with low shares of non-production occupations, whereas Cyprus has a very

low share of high-skilled non-production occupations.

Tables 1 and 2 show that the between effect dominates the within effect for both

country groups and both skill classifications. However, there is no statistically

significant correlation between either of the effects and the country type.

Figure 1 shows the results of the shift-share analysis for the non-production

occupations, while Figure 2 shows these results for high-skilled non-production

occupations. The figures summarize the results in Tables 1 and 2. The abbreviations of

the countries used in the figures are included in the first column of Tables 1 and 2. For

the old Member States of the EU15, the results are more or less similar, the exceptions

being Greece, Portugal and Spain. In general, the old Member States employ more

workers in high-level occupations, because their industrial structure is inclined

towards the sectors that use more high-skilled workers, and because their industry

production technologies rely more intensively on high-skilled workers. In this group,

only the between effect for Ireland and the within effect for the UK depend on the

choice of one or the other division.
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Greece, Portugal and Spain among the old Member States, and Latvia, Lithuania,

Poland and Slovakia among the new Member States employ fewer workers than on

average in high-level occupations. This is due to their industry structure being

inclined towards the sectors that employ more low-skilled workers, as well as

production technology that intensively uses low-skilled workers. Malta is the only

country consistently entering the category where the industry structure is inclined

towards high-skilled workers, although the production technology is inclined

towards low-skilled workers. The Czech Republic and Slovenia belong in both

Table 1 Shift-share decomposition of non-production occupations in the EU in 2004

Share

in

2004

Difference from

EU25 cross-country

average share

Between effect

(size and

share, %)

Within effect

(size and

share, %)

Interaction

effect (size

and share, %)

Belgium (BE) 0.690 0.071 0.050 70 0.019 26 0.003 4

Austria (AT) 0.656 0.038 0.020 53 0.022 58 -0.004 -11

Denmark (DK) 0.676 0.057 0.050 86 0.003 5 0.005 9

Finland (FI) 0.658 0.040 0.023 58 0.021 53 -0.004 -10

France (FR) 0.638 0.020 0.026 130 -0.001 -5 -0.005 -25

Germany (DE) 0.669 0.051 0.020 40 0.027 52 0.004 8

Greece (EL) 0.580 -0.038 -0.021 -55 -0.012 -30 -0.006 -15

Ireland (IE) 0.694 0.076 0.003 4 0.081 107 -0.008 -11

Italy (IT) 0.620 0.002 -0.5e-3 -25 0.0039 195 -0.001 -70

Luxembourg (LU) 0.683 0.065 0.065 84 0.006 8 0.006 8

Netherlands (NL) 0.743 0.125 0.052 42 0.078 62 -0.005 -4

Portugal (PT) 0.492 -0.126 -0.062 -50 -0.054 -43 -0.010 -7

Spain (ES) 0.545 -0.073 -0.026 -35 -0.040 -56 -0.007 -9

Sweden (SW) 0.723 0.105 0.067 64 0.028 27 0.010 9

UK (UK) 0.717 0.099 0.067 68 0.042 42 -0.009 -9

Czech Republic

(CZ)

0.578 -0.040 -0.041 -103 0.008 20 -0.007 -18

Cyprus (CY) 0.585 -0.033 -0.031 -94 0.015 45 -0.018 -55

Estonia (EE) 0.557 -0.061 -0.030 -49 -0.024 -39 0.007 11

Hungary (HU) 0.571 -0.047 -0.045 -96 0.046 98 -0.048 -102

Latvia (LV) 0.539 -0.079 -0.052 -66 -0.024 -30 -0.003 -4

Lithuania (LT) 0.475 -0.143 -0.063 -44 -0.069 -48 -0.012 -8

Malta (MT) 0.605 -0.013 0.023 177 -0.040 -308 0.003 23

Poland (PL) 0.506 -0.112 -0.070 -62 -0.024 -21 -0.019 -17

Slovakia (SK) 0.556 -0.062 -0.041 -66 -0.008 -13 -0.014 -22

Slovenia (SI) 0.565 -0.053 -0.055 -104 0.010 19 -0.008 -15

EU15 average 0.650 0.032 0.021 67 0.011 33 0 0

NMS10 average 0.534 -0.084 -0.052 -61 -0.021 -26 -0.011 -13

EU25 average 0.633 0.015 0.0105 71 0.0040 27 0.0003 2

EU25 cross-country

average

0.618

Source: Labour Force Surveys from 25 EU countries, authors’ calculations
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divisions to the group with a low-skill intensive industry structure and high-skill

intensive production technology. The rest of the NMS10 group clearly employs

more workers in industries that intensively use low-skilled workers, whereas the

magnitude of the within effect (the technology in use) is dependent on the choice of

measure of skilled occupations, i.e. high-skilled non-production occupations or all

non-production occupations.

In sum, all the new member countries (except for Malta) employ relatively fewer

skilled workers than the EU average because their industry structures are biased

Table 2 Shift-share decomposition of high-skilled non-production occupations in the EU in 2004

Share

in.

2004

Difference from

EU25 cross-country

average share

Between effect

(size and

share, %)

Within effect

(size and

share, %)

Interaction

effect (size

and share, %)

Belgium (BE) 0.425 0.045 0.039 87 0.010 22 -0.004 -9

Austria (AT) 0.387 0.007 0.002 29 0.006 86 -0.001 -14

Denmark (DK) 0.427 0.047 0.037 79 0.015 32 -0.005 -11

Finland (FI) 0.427 0.047 0.024 51 0.031 66 -0.008 -17

France (FR) 0.384 0.004 0.019 475 -0.007 -175 -0.008 -200

Germany (DE) 0.421 0.041 0.015 36 0.021 53 0.005 11

Greece (EL) 0.326 -0.054 -0.028 -52 -0.025 -46 -0.001 -2

Ireland (IE) 0.412 0.032 -0.003 -9 0.037 116 -0.002 -6

Italy (IT) 0.395 0.015 -0.3e-3 -2 0.0016 11 -0.001 -7

Luxembourg (LU) 0.454 0.074 0.041 55 0.025 34 0.008 11

Netherlands (NL) 0.486 0.106 0.036 34 0.071 67 -0.001 -1

Portugal (PT) 0.261 -0.119 -0.048 -40 -0.077 -65 0.006 5

Spain (ES) 0.309 -0.071 -0.031 -44 -0.041 -58 0.001 1

Sweden (SW) 0.440 0.060 0.062 103 0.016 27 -0.018 -30

UK (UK) 0.406 0.026 0.044 169 -0.003 -12 -0.015 -58

Czech Republic

(CZ)

0.375 -0.005 -2.4e-3 -48 0.027 540 -0.008 -160

Cyprus (CY) 0.284 -0.096 -0.028 -29 -0.057 -59 -0.011 -12

Estonia (EE) 0.384 0.004 -0.012 -300 0.018 450 -0.002 -50

Hungary (HU) 0.341 -0.039 -0.004 -10 -0.028 -73 -0.007 -17

Latvia (LV) 0.333 -0.047 -0.031 -67 -0.009 -18 -0.007 -15

Lithuania (LT) 0.323 -0.057 -0.030 -54 -0.005 10 -0.022 -38

Malta (MT) 0.335 -0.045 0.001 2 -0.049 -109 0.003 7

Poland (PL) 0.317 -0.063 -0.032 -50 -0.010 -16 -0.021 -34

Slovakia (SK) 0.353 -0.027 -0.018 -68 -0.005 -18 -0.004 -14

Slovenia (SI) 0.360 -0.020 -0.029 -145 0.022 110 -0.013 -65

EU15 average 0.393 0.013 0.013 100 0.0002 2 -0.7e-3 -5

NMS10 average 0.336 -0.044 -0.025 -56 -0.008 -19 -0.011 -25

EU25 average 0.384 0.004 0.007 175 -0.003 -75 -0.1e-3 -3

EU25 cross-country

average

0.380

Source: Labour Force Surveys from 25 EU countries, authors’ calculations
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towards less skill-intensive industries. For the post-Soviet countries, this could be

the continuing impact of the distorted Soviet industrial system, which relied

extensively on agriculture and heavy industries. For cross-country comparison, the

overall trend is that the countries that employ more (less) skills do so because they

use more (less) skill-intensive production technologies and because they rely more

(less) on skill-intensive industries. Referring to the graphical description, this means

that countries tend to locate around the 45� line. However, the differences in the

shares of (high-skilled) non-production workers are rather dominated by the

between (industrial) effect.

5 Dynamic analysis, 2000–2004

The time scale for the dynamic analysis comprises the period 2000–2004, i.e. four

years before the accession of 10 new members and the year of the accession. The aim

of this section is not to investigate directly the impact of the enlargement of the EU, but

the development and possible convergence of the countries’ skill structures under the

ongoing process of European integration. Two exercises are undertaken to track the

Fig. 1 The between and the
within effects of the share of
non-production occupations,
2004. Source: Labour Force
Surveys from 25 EU countries,
authors’ calculations

Fig. 2 The between and the
within effects of the share
of high-skilled non-production
occupations, 2004.
Source: Labour Force
Surveys from 25 EU
countries, authors’
calculations
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developments in EU skills structure. First, the upgrading of skills has been

decomposed into between industry and within industry effects. Second, the similarities

in within industry skills upgrading of individual industries has been examined.

5.1 Shift-share analysis 2000–2004

In this section, we will consider the changes over time in the occupational structures

of skilled occupations for the 25 countries, which comprised the European Union

after the 2004 accession. Again, the indication of skilled occupations is the

employment share of non-production occupations and the employment share of

high-skilled non-production occupations.

For decomposition of the aggregate changes in the occupational structure, we

distinguish between developments within industries and between industries (see e.g.,

Berman et al.1994, 1998 or Berman and Machin 2000). Therefore, the change in the

share of (high-skilled) non-production occupations between 2000 and 2004 is given as:

Ds ¼
X

i

Dsi�oi þ
X

i

Doi�si; ð5Þ

where oi indicates the employment share of non-production (high-skilled non-

production) occupations in industry employment, and si indicates the employment

share of a production sector in total employment. The production sectors are

indicated by subscript i, i = 1,…, 18 (see Appendix B). A bar above the variables

reflects an average over time. The change in the share of non-production (high-

skilled non-production) occupations is equal to the sum of the between and the

within effects. The between effect accounts for the changes in the occupational

structure due to the changes in employment across industries, and the within effect

for the changes due to developments within industries.

Table 3 reports the shares of non-production occupations and Table 4 the share

of high-skilled non-production occupations in the EU countries for 2000 and 2004,

and the decomposition of the changes. The main trend is that the share of skilled

occupations has increased over the time investigated (see the fourth column in

Tables 3 and 4). The share of non-production occupations increased in particular for

Austria, Greece and Portugal. Also the share of high-skilled non-production

occupations increased for these countries as well as for Luxembourg, Slovenia and

Italy.4 In many NMS countries the increase has been less than the EU15 average.

The degree of, skills upgrading measured by the non-production occupations has

been strong in Poland relative to the other NMS countries. The same holds for

Slovenia with respect the high-skilled non-production workers. This implies that

Greece, Portugal and Poland are catching up with the EU15 average as to their skill

structure. Only in three out of 25 countries the shares of non-production or high-

skilled non-production workers have decreased.

4 The large growth of high-skilled non-production occupations in Italy is probably to a large extent due to

a major revision in classifying workers into high-skill occupations in the Italian survey.

Econ Change (2007) 40:327–359 339

123



The decomposition analysis indicates that the within effect contributes most to

the change in the share of high-skilled non-production employment (last column in

Table 4). The cross-country average share of the within effect in the total change is

71% (in EU15 71% and in NMS10 72%, the six countries with a negative within

effect are excluded). This is consistent with most of the literature on skill-biased

technological change; see for instance Berman et al. (1998) for developed countries,

and Berman and Machin (2000) and Kang (2002) for developing countries. For

example, Berman et al. (1998) estimated the within effect of the change in the share

of non-production workers to be 84% in the 1970s, and 92% in the 1980s in selected

Table 3 Share of non-production occupations in the EU in 2000–2004

Share

in. 2000

Share

in 2004

Difference in

the share

2000–2004

Between effect

(size and share, %)

Within effect

(size and share, %)

Belgium (BE) 0.681 0.690 0.009 0.002 26 0.007 74

Austria (AT) 0.601 0.656 0.055 0.022 41 0.033 59

Denmark (DK) 0.672 0.676 0.004 0.009 225 -0.005 -125

Finland (FI) 0.650 0.658 0.008 0.018 225 -0.010 -125

France (FR) 0.631 0.638 0.007 0.006 91 0.001 9

Germany (DE) 0.643 0.669 0.026 0.014 55 0.012 45

Greece (EL) 0.531 0.580 0.048 0.039 79 0.010 21

Ireland (IE) 0.668 0.694 0.026 0.002 10 0.024 90

Italy (IT) 0.606 0.620 0.014 0.006 46 0.008 54

Luxembourg (LU) 0.652 0.683 0.031 0.004 13 0.027 87

Netherlands (NL) 0.730 0.743 0.013 0.007 52 0.006 48

Portugal (PT) 0.444 0.492 0.048 0.021 44 0.027 56

Spain (ES) 0.533 0.545 0.012 0.005 41 0.007 59

Sweden (SW) 0.700 0.723 0.023 0.012 54 0.011 46

UK (UK) 0.721 0.717 -0.004 0.013 325 -0.017 -425

Czech Republic (CZ) 0.557 0.578 0.021 0.009 43 0.012 57

Cyprus (CY) 0.590 0.585 -0.005 -0.013 -260 0.008 160

Estonia (EE) 0.543 0.557 0.012 0.011 90 0.001 10

Hungary (HU) 0.551 0.571 0.020 0.013 65 0.007 35

Latvia (LV) 0.525 0.539 0.014 -0.001 -7 0.015 107

Lithuania (LT) 0.478 0.475 -0.003 0.010 333 -0.013 -433

Malta (MT) 0.593 0.605 0.011 0.015 136 -0.004 -36

Poland (PL) 0.479 0.506 0.027 0.020 73 0.007 27

Slovakia (SK) 0.546 0.556 0.010 0.005 50 0.005 50

Slovenia (SI) 0.550 0.565 0.014 0.005 36 0.009 64

EU15 averagea 0.636 0.650 0.014 0.011 78 0.003 22

NMS10 averagea 0.512 0.534 0.022 0.016 72 0.006 28

EU25 averagea 0.617 0.633 0.016 0.012 76 0.004 24

a Weighted average based on employment volumes

Source: Labour Force Surveys from 25 EU countries, authors’ calculations
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OECD countries. Most of the literature in this field proceeds from the production/

non-production division. In the current analysis, the within effect accounts for 58%

of the change in the share of non-production employment in EU25 countries (again,

the five countries with a negative within effect are excluded) (see the last column in

Table 3). For the NMS10 group the importance of within effect is a bit higher,

accounting for 64% of the change, while the within effect accounts for 54% of the

change in the EU15 countries. This may indicate the decreasing role of skill-biased

technological change in skills upgrading for a wider group of skilled workers.

Table 4 Share of high-skilled non-production occupations in the EU in 2000–2004

Share in.

2000

Share in

2004

Difference in

the share

2000–2004

Between effect

(size and share, %)

Within effect

(size and share, %)

Belgium (BE) 0.407 0.425 0.018 0.004 25 0.014 75

Austria (AT) 0.318 0.387 0.069 0.013 20 0.056 80

Denmark (DK) 0.408 0.427 0.019 0.004 23 0.015 77

Finland (FI) 0.446 0.427 -0.019 0.011 58 -0.030 -158

France (FR) 0.360 0.384 0.024 0.0007 3 0.023 97

Germany (DE) 0.396 0.421 0.025 0.012 47 0.013 53

Greece (EL) 0.286 0.326 0.040 0.029 73 0.011 27

Ireland (IE) 0.381 0.412 0.031 -0.003 -10 0.034 110

Italy (IT) 0.311 0.395 0.084 0.010 13 0.074 87

Luxembourg (LU) 0.401 0.454 0.053 0.010 19 0.043 81

Netherlands (NL) 0.481 0.486 0.005 0.007 140 -0.002 -40

Portugal (PT) 0.214 0.261 0.047 0.012 26 0.035 74

Spain (ES) 0.291 0.309 0.018 0.004 25 0.014 75

Sweden (SW) 0.417 0.440 0.023 0.020 84 0.003 16

UK (UK) 0.403 0.406 0.003 0.004 133 -0.001 -33

Czech Republic (CZ) 0.358 0.375 0.017 0.003 19 0.014 81

Cyprus (CY) 0.267 0.284 0.017 0.002 13 0.015 87

Estonia (EE) 0.387 0.384 -0.003 0.008 267 -0.011 -367

Hungary (HU) 0.322 0.341 0.019 0.010 54 0.009 46

Latvia (LV) 0.343 0.333 -0.010 -0.002 -24 -0.008 -76

Lithuania (LT) 0.305 0.323 0.018 0.001 7 0.017 93

Malta (MT) 0.331 0.335 0.004 0.009 225 -0.005 -125

Poland (PL) 0.296 0.317 0.021 0.012 59 0.009 41

Slovakia (SK) 0.342 0.353 0.011 0.003 28 0.008 72

Slovenia (SI) 0.319 0.360 0.041 0.006 14 0.035 86

EU15 averagea 0.366 0.393 0.027 0.008 28 0.019 72

NMS10 averagea 0.317 0.336 0.019 0.010 52 0.009 48

EU25 averagea 0.358 0.384 0.026 0.008 32 0.017 68

a Weighted average based on employment volumes

Source: Labour Force Surveys from 25 EU countries, authors’ calculations
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The decomposed between industry and within industry effects are also mapped

in Figs. 3 and 4. The picture is clear in the sense that most of the countries have

experienced skills upgrading due to both skill favouring industry and within

industry shifts (most of the observations lie in the upper right section of the

Figs. 3 and 4). This pattern is more evident under the narrower definition of skills,

i.e. for high-skilled non-production workers. Within industry developments have

clearly a stronger impact on skills upgrading for high-skilled non-production

employment shares (notice the scaling of the horizontal axis of the Figs. 3 and 4).

A comparison of country groups does not provide a particular pattern, although

NMS10 group tends to have effects of a smaller magnitude (situated closer to the

origin).

Figure 5 shows that for the high-skilled non-production occupations, the initial

level in 2000 and the difference over time are significantly correlated. This suggests

that convergence has taken place among the EU25 countries: the countries with a

higher share of skilled occupations have a lower increase in the relative demand for

skills. This, however, is not the case for the share of non-production employment.

Fig. 3 Between and within
effects of the employment shares
of non-production occupations,
2000–2004. Source: Labour
Force Surveys from 25 EU
countries, authors’ calculations

Fig. 4 Between and within
effects of the employment shares
of high-skilled non-production
occupations, 2000–2004.
Source: Labour Force Surveys
from 25 EU countries, authors’
calculations
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The results indicate a diffusion of increased skill demand within industries across

countries and convergence of the share of high-skilled non-production employment.

5.2 Technology diffusion in the EU

An additional exercise for testing the pervasiveness of skills upgrading across

countries is by testing for skills upgrading within the same production sectors across

countries. Technology is often presumed to be a public good, which is expected to

spread quickly from country to country. If skills upgrading is really the result of

skill-biased technological change, one should observe within-industry skills

upgrading in similar industries across countries. In this respect, the European

Union is a good example for analysis; although the countries’ levels of development

vary, they have similar institutional environments, and also trade intensively with

each other within a close geographical range.

Berman et al. (1998) showed the existence of skills upgrading in similar

industries among developed OECD countries. They observed that the within effects

of the change in non-production employment of different industries were tightly and

positively correlated across eight OECD countries. They interpreted this result as an

indication of technology diffusion across countries. Berman et al. (1998) observed

33 out of 36 positive correlations and 11 out of 36 positive statistically significant

correlations at the 5% level. Extending the same exercise to developing countries

revealed similar results in within industry skill shifts between developed and

middle-income countries, but not between developed and low-income countries

(Berman and Machin 2000). A similar approach is used in this paper. We undertake

the analysis for two country groups: (1) the more developed group of countries

defined as the EU12, which consists of the EU15, excluding Greece, Portugal and

Spain, and (2) all EU25 countries.

Table 5 presents the correlations between individual countries within industry

shifts in non-production workers. Again the number of industries used is 18 (see

Appendix B). Similarly to Berman et al. (1998), the within effects of all countries

are found by multiplying each country’s within sector skills upgrading by the

over-time average of European average employment shares (in the second term of

Eq. 5, the �si is now not just the country’s over-time average, but the over-time

Fig. 5 The share of high-skilled
non-production occupations in
2000 and the differences over
2000–2004. Source: Labour
Force Surveys from 25 EU
countries, authors’ calculations
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average of the European cross-country average). The purpose of this weighting is to

ensure cross-country comparison of the countries’ within effects by eliminating the

impact of the country-specific industry structure.

Our results for the EU12 countries indicate that for the non-production

employment share, 55 out of 66 correlations are positive and 20 out of 66

correlations are positive and significant at the 5% level (see Table 5). For

example, Belgium’s within-industry skill shifts correlate at the 5% level with

within industry shifts in Austria. The respective numbers for the high-skilled non-

production employment shares are 45 out of 66 and 15 out of 66 (see Table 6).

Now the correlation coefficient between Belgium and Austria within industry

skills upgrading is still high, but insignificant at 5% level. For the EU25 countries,

the relative number of positive and significant correlations is lower, namely 205

out of 300, and 54 out of 300 for the non-production employment share, and 188

out of 300 and 61 out of 300 for the high-skilled non-production employment

share.

Berman and Machin (2000) found that 31% of the within industry shifts in skills

demand are positively and significantly correlated in selected OECD countries. Our

results show this share to be 30% for the EU12 countries’ non-production

employment. Hence, skills upgrading or technology diffusion appears to be

pervasive for the most developed EU countries. As expected, for a wider group of

countries, the shifts in skill use within industries are less correlated indicating lower

technology diffusion.

A shortcoming of the shift-share methodology, as used also in this paper, is

pointed out by Berman et al. (1998, pp. 1260–1262). They argue that the

assumption of homogeneous products within industries is questionable at a high

aggregation level of industries. There is a danger of interpreting the within industry

shift from the production of low-skill intensive products to high-skill intensive

products as skill-biased technological change. However, they find that their

estimations of the within effects of 28 manufacturing industries did not differ much

from the estimations using plant-level data. The lack of more disaggregated data for

all countries does not allow us to test whether the results differ for more

disaggregated or firm-level data. This may be an important point for further

research, since Berman et al. 1994) show that there may be some overestimation of

the within effect at the more aggregated level.

On several occasions, the positive within industry effect, in spite of increasing

relative wages, could be the result of some other factors than SBTC (Berman et al.

1998, pp. 1260–1262):

• Skills upgrading could be the result of capital investments with complementary

shifts to high-skilled labour.

• Plant-level demand increases in skill-intensive goods. In high-income countries

this could be the result of increased openness to non-skill-intensive goods from

developing countries, which increases the relative price of skill-intensive goods.

• Plant-level outsourcing of low-skilled occupations. Berman et al. (1998)

estimate that in the USA, outsourcing could account at most for 16% of the decrease

in unskilled workers between 1973 and 1987.
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There may be factors other than skill-biased technological change driving skills

upgrading in the developed world, with outsourcing as a prime possibility.

Geishecker (2006, p. 580) estimates for Germany that outsourcing to Central and

Eastern European countries is an important factor that decreases the demand for

production workers in Germany, while technological change is still the most

important factor, but to a somewhat lesser extent.

6 Summary

In this paper, we employed Labour Force Survey data for the EU25 countries to

decompose the shifts in the countries’ occupational structures into the within

industry and between industries effects. We carried out two types of analyses: a

static analysis for the year 2004, and a dynamic analysis for the period 2000–2004.

Both of these analyses were implemented proceeding from two different definitions

of skilled workers: the employment share of non-production workers, and the

employment share of high-skilled non-production workers.

The main conclusion is that the old Member States, except Greece, Portugal

and Spain, are characterized by a more skill-intensive occupational structure

than the new Member States. This is the case irrespective of whether skill

intensiveness is measured by the share of non-production workers or by the share

of high-skilled non-production workers. In 2004, the EU15 countries (except

Greece, Portugal and Spain) used more skilled workers because of both the

industrial (between) and the technological (within) effects. This implies that these

countries have a more skill-intensive industry structure and their production

technology within industries is more intensively based on skills, while the new

member countries’ (except Malta’s) industry structure is clearly biased towards

less skill-intensive industries. In general, the differences in the shares of (high-

skilled) non-production workers between countries are dominated by the between

(industrial) effect.

The dynamic analysis of 2000–2004 showed that changes in the share of

high-skilled non-production workers are mostly driven by within-sector changes,

which are probably related to skill-biased technological change. Also, the

developments in the share of the total group of non-production workers are

larger for the within (technology) than for the between (industrial) effect,

although less evidently than for the high-skilled non-production workers in our

study and the non-production workers in the study by Berman et al. (1998).

These results could also indicate the slowdown of the implications of skill-

biased technological change for non-production versus production composition

of the workforce.

The diffusion of the increased demand for skills within sectors has been

witnessed for the EU12 country group, but less strongly for the EU25 country

group. Overall, the convergence of the share of high-skilled non-production

workers is apparent. The differences in skill use between the new and old

Member States can mostly be accounted for by differences in their industry

structures. Similar trends in the countries’ within effects support the idea that
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skill demand in the new member countries is catching up, while the structural

developments that could equalize the industry mix of the new and old member

countries are related to increased domestic demand and will probably take time.

The shift-share analysis of this paper can be used to forecast the employment

growth of occupations in the EU Member States. If forecasts of the countries’

sector employment levels are made, for instance, by means of a macroeconomic

forecasting model, the between effect represents the impact of the predicted

changes in the industry composition on the occupational structure within countries.

Moreover, changes of the occupational mix within sectors follow from the within

effect. This effect can be predicted by extrapolating the time trends of skills

upgrading within sectors of industry. If possible, the occupational upgrading should

be related to exogenous variables that can explain the extent of occupational

upgrading.5

Data availability implied that we proceeded only from the occupational structure.

An alternative measure of the skill structure can be obtained from data on

educational attainment.6 An interesting avenue of future research would be a

comparative analysis of information on occupational structure and educational

attainment.
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Appendix A: ISCO classification at one-digit level (‘major groups’)

High-skilled non-production occupations

Isco 1 Legislators, senior officials and managers

Isco 2 Professionals

Isco 3 Technicians and associate professionals

5 See e.g. Dekker et al. (1990) and Cörvers and Dupuy (2006) for the Netherlands, and Briscoe and

Wilson (2003) for the UK.
6 See Winchester et al. (2006) for a comparison of these two approaches and the implementation of

cluster analysis to combine wage and educational information of occupational groups with the aim of

deriving a composite measure of skills.
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Low-skilled non-production occupations

Isco 4 Clerks

Isco 5 Service workers and shop and market sales workers

Skilled production occupations

Isco 6 Skilled agricultural and fishery workers

Isco 7 Craft and related trades workers

Isco 8 Plant and machine operators and assemblers

Unskilled production occupations

Isco 9 Elementary occupations

Remaining occupations

Isco 0 Armed forces

Isco un Occupational group unknown

Appendix B: NACE classification at one-digit level

a Agriculture, hunting and forestry

b Fishing

c Mining and quarrying

d Manufacturing

e Electricity, gas and water supply

f Construction

g Wholesale and retail trade; repair of motor vehicles, motorcycles and personal

and household goods

h Hotels and restaurants

i Transport, storage and communication

j Financial intermediation

k Real estate, renting and business activities

l Public administration and defence; compulsory social security

m Education

n Health and social work

o Other community, social and personal service activities

p Private households with employed persons

q Extra-territorial organizations and bodies

un Sector unknown
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