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Abstract

At least since the early 1990s Europe’s national clothing and textile (C&T)-industries
have faced an enormous restructuring process, which has been driven inter alia by sig-
nificant changes in the institutional environment (i.e. assignment of the WTO-treaty
in 1994). This restructuring went hand in hand with sluggish development. Policy
recommendations of the European Commission to stabilise development and increase
competitiveness in Europe’s national C&T-industries addressed national innovation sys-
tems, striving so for a technological breakthrough and a higher competence level of the
working force in C&T-production. Focusing on two major European C&T-producing
countries — Italy and Portugal — the main purpose of this paper is to explore two types
of innovation system-related-dynamics prevailing in the period from 1995 until 2007. To
this end, we adopt a meso-macro perspective and figure out whether ‘learning’ through
inter- and intra-industry interaction has unfolded first, in skills-upgrading and second,
in changes in average production processes in these two countries’ C&T-industries. To
embed these aspects of their national innovation systems within a production-oriented
framework, we focus on C&T-employment dynamics, distinguishing also between dif-

ferent skill-types.
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1 Introduction

According to the OECD-technology intensity classification, low-tech industries are charac-

terised by a low R&D-intensity and a lack of innovative potential. Notwithstanding this
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presumably low innovative potential, Hirsch-Kreinsen et al.| (2003) as well as
mann and Achal (2005) show that low-tech industries in developed countries have a strong

impact on economic growth in terms of their contribution to value added creation and em-
ployment.

Focusing on the clothing and textile (C&T-)industry, as one example which is usually
classified as a low-tech industry, this in Europe at least since the 1990s has undergone an
enormous restructuring process, caused inter alia by institutional changes targeted towards
international trade liberalisation. Probably one of the most far-reaching changes in the
institutional environment related to Europe’s national C&T-industries was the replacement
of the 1974-Multifibre Agreement by the WTO Agreement on Textile and Clothing at the
beginning of 1995. This was accompanied by a 10-year transition phase, within which a
step-by-step elimination of trade restrictions until a total expulsion of protection measures
by the end of 2004 took place. Some years after the transition phase, in 2008, import quota

were partly reintroduced, since in developed countries value added creation and employment

in C&T-production came heavily under pressure (Adhikari and Yamamoto| 2007).

Facing the 2005-challenge, at least since the 2000s the European Union has launched a set
of initiatives, targeted towards stabilising development in Europe’s national C&T-industries
and stimulating their competitiveness. Among them was the High Level Group which placed

in particular a higher qualification of the working force as well as a technological breakthrough

in C&T-production on the forefront of its agenda (European Commission| 2004alb). Keeping

the two objectives of the High Level Group in mind, these are exactly functions, which are
attributed to a national innovation system as Metcalfe’s (1994] 940) definition reflects:
‘It is a set of institutions to create, store and transfer the knowledge, skills and artifacts
which define technological opportunities.” In other words, national innovation systems were
addressed in the European Commission’s policy recommendations to sustain an even future
development in Europe’s national C&T-industries.

As two major European C&T-producing countries we identify Italy and Portugal, since
at the beginning of the transition phase, in 1995, more than 36.3% of value added creation
and more than 40% of hours worked in the EU-15 C&T-industry took place within the two

countries” C&T-industries (Timmer et al.| 2015). Due to the before-mentioned institutional

changes, Italy’s and Portugal’s C&T-industries faced an enormous restructuring process
manifesting in increased international competition (in particular from low-wage countries

such as Bangladesh, China and India) as well as sluggish output, value added and employ-

ment growth, as discussed in more detail in Schiitz and Palan|(2015). For Italy and Portugal,

the outcomes of objectives set by the High Level Group were later on summarised in a range

of firm-level reports by the European Commission. According to Rosendo and Scheffer|
(2012), for Italy’s C&T-industry success stories centred around a range of product and pro-

cess innovations (e.g. Digital Printing or Mass-Customization) and Portugal benefited for

instance, from increased process efficiency, shorter lead times and an upgrading of skills
of the working force. Evaluating these outcomes, in both countries especially interaction

of C&T-producing firms with their suppliers and users was identified as decisive for these



gradual learning processes. [Edquist and Johnson|(2012[1997]} 42, italics added) remark on
this interaction aspect in the following way: ‘[Ijnnovations are looked upon mainly as the
result of interactive learning processes. Through interactions in the economy different pieces
of knowledge become combined in new ways or new knowledge is created and, sometimes,
this results in new processes or products.’

Leaving the micro-level perspective and adopting instead a meso-macro perspective, we
set the research focus in our analysis on the industry-linkage structure in which both coun-
tries’ C&T-industries are embedded. The main purpose of this paper is to explore two types
of innovation system-related-dynamics prevailing during the transition phase and some years
after. With this study we seek to contribute to a better understanding of the evolution of
the C&T-industry in both countries in light of the experienced restructuring. We investigate
whether ‘learning’ through inter- and intra-industry interaction has unfolded first, in skills-
upgrading and a different qualitative composition of the direct and indirect labour content of
C&T-production and second, in changes in average production processes. To trace the latter
aspect, we analyse how technological change impacts on C&T-employment growth in both
countries and for studying the first aspect, we stick to dynamics in C&T-employment and
distinguish between different skill-types. Hence, labour of different quality types is consid-
ered a convenient variable for our study, since C&T-production is typically labour-intensive
and employment dynamics are considered to reflect appropriately the overall changes in
the two C&T-industries. Approaching the research question from a meso-macro perspec-
tive, this allows us capturing the evolution of the existing industry-linkage structure, as a
concatenation between their innovation and production systems. We investigate the period
from 1995 to 2007 and adopt a comparative-static approach. Concerning the method used,
the analytical framework relies on (1) the concept of product-embodied labour flows and (2)
structural decomposition analysis (SDA). Furthermore, we take the low-tech industries as a
benchmark sector in order to reconcile our empirical results.

The paper proceeds as follows: Section | provides a short discussion on the literature
background of this study. Based on this, in Section B] the modelling framework at hand is
developed and furthermore, an overview on data handling is given. In Section [f]empirical

results are reported. Finally, Section [f] concludes.

2 The Concatenation between Innovation

and Production

This paper builds on two different strands of literature. The first one is rooted in the
innovation system framework, whereas the second one concerns more the methodological
background of this study and is embedded in the literature, which makes use of input-
output (I/O-)analysis for exploring technological change or more broadly, different aspects
related to the innovation process.

A preliminary question which might be raised, is, how a theoretical framework which

largely builds on evolutionary economic ideas such as the innovation system framework



can be combined with a method which is based on the ‘equilibrium-assumption’ (i.e. I/0-
analysis). There are basically two arguments, which backbone our approach of combining
these, at a first glance, very diverse strands of literature. First of all, in both of them neither
production, which in an evolutionary sense can be deemed as ‘ways of doing things’, nor
innovation, as ‘ways of doing things differently’ (Nelson and Winter| 1982), occur in isolation
but instead are understood as concatenated processes. The second argument, which pertains
more to the nature of the production and innovation process is that both of them are
interactive ones.

In both strands of literature these arguments find general approval: Referring to an early
discussion on the concatenation between production and innovation, Andersen|(2010[1992]:
70-71) addressed innovation systems by focusing on the existing production-and-linkage
structure in an economic system. In that context he advocated that ‘most of what is normally
classified as ‘innovation’ is closely related to existing products and processes. We find first
of all that new possibilities are often discovered as more or less unconscious by-products of
production and sales activities. Second, more ambitious and conscious searching for and
learning about new products and processes quite often start with the problem of existing
products and processes |[...| Third, in many simple and subtle ways the existing traditions
influence the criteria by means of which new ideas are judged.’

Hence, according to him a crucial aspect for exploring innovation systems, is that in-
novation is a process of continuity and involves the ‘transformation’ of routine activities
into new, non-routine ones, which is a strong evolutionary argument. As an I/O-table re-
flects the ‘production-and-linkage’ structure at a meso-macro level at a particular point in
time, intertemporal changes in the former can be deemed as the outcomes of the evolution-
ary mechanism of ‘interactive learning’. In other words, changes in the web of linkages as
mapped by I/O-tables in different periods, pertain to the transformation of routine activ-
ities into new, non-routine ones.ﬂ Following this line of argument, the central mechanism
which is thus binding ‘ways of doing things’ and ‘ways of doing things differently’ is learning.
The recognition of ‘learning’ as a diversified phenomenon and its importance for economic
change dates at least back to|Arrow|(1962) and Rosenberg|(1982). With regard to the study
of innovation systems, learning is understood as an interactive mechanism and it perceives
of a distinct path-dependency, cumulative nature and is embedded into a specific economic,
cultural and institutional environment (Lundvall| 2010[1992]).

But how is learning now accounted for in the research context of this paper? First of
all, learning is a continuous mechanism and requires adopting an intertemporal perspective.
To satisfy this requirement, we take a comparative-static view. Given that, in our research
context learning activities unfold in two different ways: The first concerns changes in the
qualitative composition of labour embodied in a specific product over time (i.e. skills-
upgrading), as this reflects a different combination of existing and/or new knowledge or in

other words, the building up of new or different competencies of the working force. The

I This argument is based on the assumption that there are no ‘radical’ innovations, which would lead to

a complete change in the underlying I/O-table.



second one pertains to the consequences of learning as manifesting in process innovations,
and hence, in new or changed methods of production.

To embed the first channel of learning into our analysis we make use of the concept
of product-embodied resource flows. Different from the disembodied nature of innovation,
in exploring various aspects of the innovation process by making use of this concept, it
is assumed that learning and innovation are of an embodied character. This means that
new knowledge spreads through an economic system over the existing linkage structure
and is embodied in the transfer of commodities between firms, or on a meso-macro level

between industries or sectors. These linkages act thus as carriers for these new or improved

artifacts (Leoncini and Montresor, 2003). Building on this ‘embodiment hypothesis’, there

has been a large body of literature which make use of e.g. research and development (R&D)

expenditure to study technology flows (Papaconstantinou et al., 1998), innovation flows in

vertically integrated industries (Leoncini et al.| 1996} Leoncini and Montresor| 2003) or
knowledge flows (Hauknes and Knell, 2009). Initially, the idea to combine I/O-tables with
innovation indicators such as R&D data or patent data was developed by Schmookler|(1966)

and (Terleckyj| (1974).

Our approach is similar to these works only with respect to the adopted method, but we

do not take R&D expenditure or patent data to study aspects of interactive learning. Instead

we follow Kalmbach and Kurz| (1985), who apart from studying R&D flows used labour

flows measured by the amount of embodied R&D personnel to investigate the technological
content of a specific commodity. Different from their research purpose, we are interested in
the dynamics of the ‘full’ skill-content of a specific commodity, which involves not only R&D

personnel but requires taking account of labour of various different quality types. Hence,

in this respect we are, from a conceptual viewpoint, closer to e.g. [Los et al.|(2014) and

[Foster et al.| (2012), who study changes in the skill-structure of labour demand caused by

institutional changes, technological change and globalisation.

Regarding the second channel of learning, we study the impact of the diffusion of process
innovations on employment growth by means of SDA. Process innovations in that context
are understood as changes in the average ‘production recipe’, leading to different factor
proportions (i.e. technology coefficients) in the intermediate transaction matrix of an I/0-
table. Hence, learning in this context unfolds in a different quantitative and/or qualitative
combination of intermediate inputs.EI SDA has been a prominent tool in I/O-analysis to
break down the changes in one variable into its components. For instance,
land Los (1998), Dietzenbacher et al.| (2000) and more recently, Yang and Lahr|(2010) as
well as [Strohmaier and Rainer| (2013) apply SDA to decompose changes in labour produc-

tivity growth in its partial effects. Different from them, we do not focus on the impact of
technological change on labour productivity growth. Nevertheless we take account of labour

productivity growth as well, as discussed in more detail in the next Section []

2We are well aware of the fact, that process innovations involve not only changes in circulating but also

in fixed capital, but due to data limitation, we cannot take account of fixed capital in this study.



3 Method and Data

3.1 A Subsystem Perspective on Product-Embodied Labour Flows

For k countries and for n industries, matrix Ztk D of dimension n x n at time ¢ includes
domestic intermediate transaction flows and thus, one element zf ;‘? corresponds to the value
of intermediate transactions between any pair of industries 7,5 = 1,...,n. Furthermore,
the n x 1 column vectors zf and yF denote the gross output vector and the vector of final
deman of country k at time ¢. The matrix of domestic input coefficients A,’f D of dimension
n x n is given by Z"P (diag(z¥))~!, where the symbol diag(-); is used to the denote the
diagonalisation of a vector. Then, as a starting point for our analysis the following open

I/O-system is used:
k= AEPat 1 yf W

The solution of equation ( is given by (I — AFP)=1yk — 2k where (I — AFP)~1 is the
domestic Leontief-Inverse ¥ of country k at time ¢ and I denotes an identity matrix of
the same size as matrix Af P In a further step, the open I/O-system is transformed into

vertically integrated industries (i.e. subsystems):
St = (diag(at)) ™' Lidiag(yy) (2)

One element sf’ij of matrix SF gives the share of industry i’s gross output which is required
both directly and indirectly to satisfy subsystem j’s final demand at time ¢. Thus, matrix
Sk shares the property that if working on the complete final demand vector — as it is the
case in this paper — each row adds up to 1 (Momigliano and Siniscalco| [1982)). On the basis

of equation , labour of different quality types is introduced into the system as follows:
ks Tk
Ly = diag(l;™*)Sf (3)

In equation ff ®is an m x 1 vector containing industry labour requirements in country
k of skill-type s = low (1), medium (m) and high (h) at time ¢. A generic element ZE i of
matrix Lf’s gives the direct and indirect labour of a particular skill-type, which subsystem
j requires from industry 4 to satisfy its own final demand.EI Accounting for both direct and
indirect labour flows proves beneficial, since it provides a thorough picture on the ‘true’
skill-content of each final demand category.

Equation is the starting point for deriving a first indicator showing the qualita-
tive composition of labour inputs in vertically integrated industries in a particular period.
Therefore vectors of column-sums ¢}** for each single matrix L}"* are built. Furthermore, let
=3, cf ** be a vector of dimension 1 x n, whose elements correspond to total embodied

hours worked in each vertically integrated industry j of country k at time ¢. Then, the row

3Final demand includes domestic final consumption by households, by non-profit organisations and by

government, gross fixed capital formation, changes in inventories as well as exports.
4Note that matrix Lf, containing total labour requirements — irrespective of the skill-type — in each

vertically integrated industry at time ¢, is obtained by simply summing over s: Lf =3, Lf’s.



vectors zbf ** of dimension 1 x n, containing skill-shares of subsystems are obtained through

elementwise division:
k,s _ k,s k
;= D¢ (4)

In comparing changes of different skill-shares of a single vertically integrated industry j of
country k over time, this provides information about whether skills-upgrading took place.
Hence, shifts in skill-shares signalise a change in the qualitative composition of a subsystem’s
final demand labour content, in the sense that its production got either more or less low-
skilled, medium-skilled or high-skilled intensive.

To get an idea of the extent of inter-industry interaction with upstream producers of a
single vertically integrated industry j, the degree of vertical integration is studied. Using
again equation as a starting point, for a cross-country comparison this needs to be
normalised such as to make it invariant to scale effects (Montresor and Vittucci Marzetti,
2009)):

LP* = L (diag(e" L)) ™" (5)

In equation , e denotes the summation vector of dimension n x 1. Normalisation proceeds
along columns and each coefficient of the respective matrix L,’f’s is divided by its corre-
sponding column-sum. Comparing elements on the main diagonal with the column-sum
of elements off the main diagonal, we obtain information about the intensity of backward
linkages of each vertically integrated industry in terms of product-embodied heterogeneous
labour flows. If skills-upgrading took place, then an intertemporal comparison of the degree
of vertical integration provides insight into whether single subsystems built more on external
(inter-industry) or internal (intra-industry) sources of learning.

Another interesting issue is to know about whether inter-industry interaction between
the C&T-industry and upstream producers was rather dispersed or otherwise, concentrated
to only few others. Therefore we calculate subsystem-specific Gini-Indexes Gf; As a

preparatory step, each column j of matrix Ef 8

is reduced by the element l_ﬁ Z for which
i = j. After that the n column vectors of dimension (n — 1) x 1 are normalised along
column-sums once again, and elements Zfﬁ’f of each column vector so-adopted are sorted in

ascending order. Then the Gini-Index Gf,’; for a single vertically integrated industry j is:

oty = 22l o ©)
(n—1)

Each Gf; € [0,1] and the higher its value, the more unevenly distributed are backward
linkages of a single vertically integrated industry j. Thus for a Gf]s near 1, this means that
subsystem j only shares few strong linkages with upstream producers, whereas for Gf; near
0, interaction with upstream producers is rather dispersed and subsystem j interacts with

many other industries upstream in a rather equalised way.



3.2 Structural Decomposition of Employment Growth

In a final step we apply SDA in a discrete comparative-static framework. Setting different
skill-types aside for a moment, to start with we take matrix L¥ from equation , which is
obtained through summing over skill-types s. Let then gf;LLt be an n x 1-vector containing
employment growth in each vertically integrated industry for country k between periods
t — 1 and ¢, defined as:

wr _ (L= LEy)e _ (diag(If)Sy — diag(lf 1)Sy" )e o

Ge—1,¢ k k
Ly qe Li e

Substituting the right-hand side of equation (Eb for S*, the growth rate of employment can

be also written as:

=) ((aian(@) diagtat)) L g (o) -
) ®
dmg(lfl)(dmg(xf1)>_1Lfldm9(yfl))e>

Equation lies at the core of our SDA and is used as a starting point for decomposing into
partial effects. In general, structural decompositions are not unique and there are different
ways to decompose equation (E[) The number of alternative decompositions increases in the
number n of partial effects distinguished with a factor n!. Following [Dietzenbacher and Los
(1998) as well as Dietzenbacher et al.| (2000), we use a polar decomposition to break down
changes in gf;LLt in each country into its partial effects. In our decomposition, elements of

gf;LLt can change due to the following effects:

e In equation (§), \¥ = (diag(I*)(diag(z*))~!)e corresponds to the n x 1-vector of total
labour coefficients A* in each vertically integrated industry, containing hours worked
per unit of gross output. Hence, changes in labour coefficients (i.e. in inverse labour
productivity) between two periods are given by AX* = AF — Ak |, This we further

decompose into changes in skill-type specific labour coefficients AN, with s = [, m, h.

e Changes in the Leontief-Inverse: ALF =LF —1L¥ | which show changes in the overall
industry-linkage structure; this is extended to differentiate between, first, changes
in average production technology and, second, substitution of imported inputs for

domestic inputs.
e Final demand changes, determined by Ay* = yF — yF |.

The decomposition is described in more detail in

5Tf decomposition grasps changes in a variable between two periods t — 1 and t, the idea of ‘polar

decomposition’ is to index in a first polar decomposition all variables through by the starting period ¢t — 1
and in a second polar decomposition all variables are indexed through by the end period ¢, except for the
variable to which the partial effect refers. In the final decomposition, this involves taking the average of the

two polar decompositions.



3.3 Data Preparation

In this paper most of the raw data was used from the World Input-Output database (WIOD)
(Timmer] {2012} [Timmer et al.| 2015). Annual national I/O-tables published by the WIOD
for Italy and Portugal — in which separate import matrices are included — range from 1995
to 2011. National I/O-tables are expressed in current prices of million US-$§ and the clas-
sification is based on ISIC Rev. 3, including 35 industries. Since first, the socio-economic
accounts 2012-version (Erumban et al.| |2012) from which employment on an industry-level
was taken (measured in hours worked by persons engaged) only covers the period from 1995
until 2009; and second, for Portugal the employment share of each manufacturing industry
in total manufacturing is constant from 2007 until 2009, finally the period from 1995 until
2007 was taken for the analysis even if it would have been beneficial to have access to data
ranging to more years after the transition phase.

To make I/O-tables comparable across time, they were deflated in a row-wise procedure.
Therefore, price indexes on an industry-level, where 1995 = 100 for (1) intermediate demand
and (2) gross output were used.ﬂ To maintain equality between row- and column-sums in
the deflated national I/O-tables, real final demand was taken as the difference between real
gross output and real intermediate demand.

Regarding the variable hours worked, some further preparatory work was done. The
WIOD publishes hours worked for three different skill-types — low, medium and high — on
an industry-level for countries included in the sample.m Yet, for Portugal shares of each skill-
type in total hours worked are constant for the whole manufacturing sector. Since this would
constitute a severe problem to the empirical part of our analysis we used additional data from
the EU-Labour Force Survey (2014): labour demand on an ISIC Rev. 3 industry-level of
low, medium and high skill-type expressed in 1000 engaged persons. After calculating skill-
shares in total engaged persons based on this dataset, these shares were taken to recalculate
hours worked of different skill-types in each industry from the WIOD-dataset. In doing so,
we implicitly assume that each person engaged, independent of her skill-level, works the
same number of hours. This indeed is somewhat problematic, but necessary vis-a-vis the

available data.

6Since the focus in this paper is only on subsystems and as shown by /Rampal (1982), systems of vertically
integrated industries are invariant to relative price changes we refrained from using chained price indexes to

deflate our data but instead used constant base year price indexes.
"The distinction between the three skill-levels is based on ISCED97 (Erumban et al., 2012). As there are

large differences between national education systems it can be very difficult to compare them internation-
ally. Therefore, ISCED97 (International Standard Classification of Education) was developed in order to
make national education systems more comparable across countries. The ISCED is based on uniform and
internationally agreed definitions. See UNESCO Institute for Statistics (2014)).



4 Empirical Results

4.1 Descriptive Analysis

To get a rough idea of employment dynamics in Italy’s and Portugal’s C&T-industries
during the observation period, in this section some descriptive statistics are discussed. At
this point we refer only to direct hours worked and thus, only a fraction of the ‘true’ labour
content of C&T-production is accounted for.
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Figure 1: Employment growth rate in the C&T-industries of Italy (solid line) and
Portugal (dashed line), 1995-2007.
Data Source: [Timmer et al.| (2015). Author’s own calculations.

As can be seen from Figure [I] both countries experienced negative employment growth

phases in all years except two. On an annual average, hours worked in the C&T-industry
decreased by 2.7% in Italy and by 3.6% in Portugal. This signalises that the slump in
employment in Portugal was more persistent than in Italy. As regards our benchmark
Table , in both countries employment — with a few exceptions — decreased
as well from 1995 to 2007. Yet, in both countries annual fluctuations in employment in their
C&T-industries were more pronounced than in their low-tech sectors. Thus, at least from a
production-oriented point of view, employment in the C&T-industries of the two countries
came under pressure and the restructuring process went hand in hand with a continuous
reduction in hours worked.
Sticking next to the qualitative composition of hours worked directly in the two C&T-
industries (see Figure , in both countries the largest fraction of employment was of low-
skilled type throughout the observation period, while medium-skilled hours worked in the
two C&T- industries accounted for the 2nd largest share and high-skilled for the smallest. As
illustrated in the upper panel of Figure P] in Italy the share of low-skilled labour decreased
throughout the observation period, while the shares of medium-skilled and high skilled-
labour accelerated year after year.

For Portugal, however, different trends were observed (Figure E] lower panel). While the

8For a more detailed discussion on the development of other economic variables than employment in the

C&T-industries of Italy and Portugal, the reader is referred to Chapter ?7.
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share of low-skilled labour increased from 1995 until 1999, during the remaining years of
the observation period it continuously declined and vice versa, the share of medium-skilled
labour decreased in the early years (1995-1999) and by then experienced an increase. As

regards the share of high-skilled labour, no clear direction of development was observable,

it fluctuated around the 3%-level throughout.

[ IMLovw-Skilled [ Medium-Skilled [_JHigh-Skilled
1.1 \ T \ \ \ \ \

0 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
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Figure 2: Skill-shares of direct hours worked in the C&T-industries
of Ttaly (upper panel) and Portugal (lower panel), 1995-2007.
Data Source: [EU Labour Force Survey| (2014) and [Timmer et al.[(2015). Author’s own calculations.

Our first findings indicate that learning activities going hand in hand with skills-upgrading

took place in the two countries’” C&T-industries, which started earlier in Italy than in Por-

tugal. As can be seen from Table B2]in skill-type specific dynamics in Italy’s
benchmark sector followed more or less the same pattern, whereas dynamics in Portugal’s

low-tech sector differed to a good degree from those observed in its C&T-industry.
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Yet, to gain deeper knowledge about innovation system-related-dynamics in their C&T-
industries during the investigation period, this deserves a range of further indicators to be
analysed, as reported in Section .2]and Section

4.2 Product-Embodied Labour Flows and Patterns of Vertical In-

teraction

Qualitative composition of the labour content in Italian and Portuguese C&T-
production: In a next step, we stick to both direct and indirect labour embodied in C&T-
production as well as intertemporal changes therein, as illustrated in Figure

With an average annual share of 59.8% in Italy and 85.6% in Portugal, low-skilled labour
held the largest fraction in both countries. This was followed by medium-skilled labour
(average annual share in Italy: 34% and in Portugal: 9.4%), whereas high-skilled labour on
average accounted for the smallest fraction throughout (Italy: 6.3%, Portugal: 5%). This
observation confirms the prevalent notion that the C&T-industry — more in Portugal than
in Italy — has been typically a low-skill intensive industry. However, this does not preclude
that the two C&T-industries shifted towards a higher medium- and high-skill intensity.
Remarkable differences in skill-shares between the two countries — in particular with respect
to low- and medium-skilled labour — further signalise that the character of C&T-production
differed in both of them. Still for both countries, compared to skill-shares of direct hours
worked, if adopting a subsystem perspective in both countries C&T-employment gets more
medium- and high-skill intensive. This gives a first hint, that interaction with upstream
producers was an important determinant of the qualitative composition of labour embodied
in C&T-production during the observation period and that these interaction patterns might
have induced an upgrading of skills of the working force.

Furthermore, the qualitative composition of labour experienced considerable dynamics
in both countries C&T-industries. As can be seen in the upper panel of Figure B] in Italy
the development of each specific skill-share did not change sign over the whole time span but
they evolved monotonically. Contrary for Portugal (Figure EI lower panel), the development
in the qualitative employment composition was not that evenly distributed across time. For
each share of skill-type, the development experienced a reversal in sign.

Looking more closely, in Italy skills-upgrading took place gradually, and hence, direct
and indirect hours worked in C&T-production got more medium- and high-skill intensive.
This development was not limited to Italy’s C&T-industry, intertemporal changes in the
low-tech sector followed almost the same pattern ( Table . Hence, in Italy
innovation system-related-dynamics in the form of backward interaction between its C&T-
industry and upstream producers favoured continuous learning activities, leading to a higher

medium- and high-skill intensity.
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Figure 3: Skill-shares of direct and indirect hours worked in the vertically integrated C&T-industries of
Italy (upper panel) and Portugal (lower panel), 1995-2007.
Data Source: [EU Labour Force Survey|(2014) and [Timmer et al.|(2015). Author’s own calculations.

Turning to the development of the qualitative composition of employment in Portugal’s
C&T-industry, this was rather different compared to the situation observed in Italy. While
the share of low-skilled labour increased in the early years of the observation period (1995
2000), it evolved into the opposite direction from 2000 to 2007. As regards the development
of the shares of medium- and high-skilled hours worked, first of all, for the period from
1995 until 2000 each saw an annual decrease, while in the latter years of the observation
period both accelerated. Also different from the Italian situation, in Portugal changes in
the qualitative composition of C&T-employment were higher in magnitude than average
changes in its benchmark sector ( Table . Skill-specific dynamics show that
in the Portuguese C&T-industry for the first time in 2000 a bias towards skills-upgrading
prevailed, whereas counteracting tendencies were observed in the early years of the observa-
tion period. Hence, Portugal not until 2000 jumped on the bandwagon and only since then,
innovation system-related-dynamics manifested in skills-upgrading and a gradual increase

in the qualitative composition of the total labour content of C&T-production set in.
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Internal and external sources of learning in C€ T-production: In a next step,
we explore whether changes in the qualitative composition of C&T-employment went hand
in hand with a higher division of labour between industries or contrary, with an increased
vertical integration. This gives an idea of whether sources of learning stemmed from within
the C&T-industry or were of an external character (see Table .

As can be seen from Table [[] Portugal’s C&T-industry with an average annual share
of intra-industry labour flows of 73.3% was more vertically integrated during the whole
observation period than Italy’s (average annual share of 58.3%). In Italy in the years from
1995 until 2001 a tendency towards a lower degree of vertical integration prevailed, while
from 2001 until 2007 the opposite was the case. In Portugal the situation evolved differently:
over the whole time span C&T-production got more vertically integrated. This indicates
that the Portuguese C&T-industry was relatively more cohesive and independent of other
industries in terms of vertical interaction, whereas in Italy it perceived of comparatively
stronger backward linkages. Additionally, this suggests that in Italy persistent mechanisms
of inter-industry interaction enhanced the capability of C&T-production to engage in skills-
upgrading and through interactive learning with upstream producers to achieve a higher
medium- and high-skilled content of its final demand. Contrary, for Portugal a comparatively
higher ‘isolatedness’ of its C&T-industry seems to have counteracted such developments, at
least in the early years of the investigation period.

Noteworthy for both countries, the higher the skill-type the higher the degree of inter-
industry interaction. This shows that in both countries with respect to medium- and high-
skilled labour, external sources of learning were more important, whereas low-skilled labour
embodied in intermediate inputs was abundant within C&T-production itself. However, still
in Italy — apart from a few exceptional years — a steady increase in vertical integration of high-
skilled labour took place. Together with an increased share of high-skilled labour in total
direct hours worked, this substantiates previous results that in Italy skills-upgrading was
also of an intra-industry character during the observation period. The same steady increase
in vertical integration was observed in Portugal, but there it was for low-skilled labour,
where intra-industry deliveries became more and more important. As regards medium- and
high-skilled labour, the observed patterns in Portugal were rather diverse. In Italy, yearly
changes in the degree of vertical integration of low-skilled labour fluctuated as well, whereas
with only one exception the degree of vertical integration in terms of medium-skilled hours

worked decreased from 1995 to 2001 and by then it increased throughout.
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Regarding dynamics prevailing in each country’s benchmark sector (Appendix B| Table
B4)) — similar to their C&T-industries — the degree of vertical integration decreases with

an increase in the skill-type. Over the whole time span, Italy’s low-tech sector was less
vertically integrated than Portugal’s, showing that Italy’s production of low-tech goods built
more on backward linkages and this again was not an industry-specific phenomenon of C&T-
production. In terms of skill-type specific developments of product-embodied labour flows,
Ttaly’s C&T-industry partly followed the dynamics experienced as well in its benchmark
sector. In Portugal, however, intertemporal dynamics during the observation period in the
vertically integrated low-tech industries differed to some extent from the situation observed

in its C&T-production.

Interaction with upstream producers: Given the intensity of backward interaction,
it is in question how this was distributed across upstream producers and which upstream
producers did strongly interact with Italy’s and Portugal’s C&T—industries.ﬂ As illustrated
in Figure[d] a high concentration with respect to the intensity of backward linkages prevailed
in both countries’ C&T-industries during the investigation period. Thus, the contribution
of each single upstream producer in terms of the direct and indirect heterogeneous labour
embodied in its deliveries to the C&T-industry was not evenly distributed at all. In Italy
the average annual Gini-Index of total inter-industry hours worked was G! = 0.658 and
for Portugal it was even higher with GF = 0.73119 For both countries concentration
decreased on average in the early years, whereas in the latter years it accelerated again.
With respect to different skill-types, the Gini-Indexes of backward linkages of the Portuguese
C&T-industry were always more pronounced than the Italian ones. Together with previous
results in terms of the degree of vertical integration this supports the finding that more
active interaction with others and a non-isolated position of the Italian C&T-industry might
have been beneficial to its development during the observation period. In Portugal sluggish
inter-industry interaction seems to have prevented some potential of skills-upgrading.

Noteworthy, in Italy average annual concentration increases in the skill-type, whereas
in Portugal it was the other way round. Hence, if one ‘climbs up the quality-ladder’ of
inter-industry labour embodied in Italian (Portuguese) C&T-production, backward link-
ages got more concentrated (dispersed). For Portugal this implies that upstream producers
contributed to the high-skill content of C&T-final demand in a rather equalised way. For
Ttaly, however, this shows together with previous results regarding the degree of vertical
integration that even though the degree of inter-industry interaction increases in the skill-
type, it were only few upstream producers which strongly supported skills-upgrading in its
C&T-industry.

9 At this point, results for the two benchmark sectors are only reported in terms of the level of concen-
tration of backward linkages but not with respect to the industries between whom interaction takes place,
since this does neither give any additional value nor any explanatory power to the empirical evidence for

the patterns observed in the C&T-industries of Italy and Portugal.
10 As concerns the level of concentration of labour embodied in backward linkages within the benchmark

sector, for both countries the average annual Gini-Index in the low-tech sector was even slightly higher.
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As can be seen from the upper panel of Figure ] in Italy outstanding interaction between
its C&T-industry and upstream producers with respect to total product-embodied labour
flows took place with industry 52EL which however got less important over time. Concen-
trating on other backward linkages belonging to the top-5 strongest ones, initially these were
composed of sector AtB, which gradually lost in intensity as well, whereas interaction with
industries 51 and 71t74 intensified. Among the top-5 strongest linkages interaction with
sector PtO was found throughout the observation period as well and AtB was replaced by
industry 60 in 2004. Inter-country differences with respect to the top-5 backward linkages
as well as their development were hardly observable.

For Portugal (Figure {4} lower panel), the most intense backward linkage between its
C&T-industry and sector AtB lost in importance, which was also the case for interaction
with industry 51 and sector J. Contrary, the linkage between industry 71t74 and the Por-
tuguese C&T-industry intensified, while that with industry 52 stayed relatively constant.
Furthermore, interaction with industry 50 gradually gained in importance and this linkage
outperformed that with industry J in 1998.

While industries 50, 51, 52 and 60 are usually perceived as low-skill intensive indus-
tries, intense interaction of the C&T-industries with them might have nevertheless been
beneficial, since their closeness to end-users might have had a positive effect on learning in
C&T-production. With respect to another rather traditional low-skill intensive upstream
producer of the two countries’” C&T-industries — namely, industry AtB — it is questionable
whether interaction has contributed to skills-upgrading. By far more interestingly are the
strong backward linkages to industries 71t74 and sector J which can be associated with
‘knowledge intensive business services’, characterised by an employment structure heavily
weighted towards high-skilled workers and by a high potential to engage in interactive learn-
ing and to create new knowledge.

Turning to the dynamics of skill-type specific interaction patterns, since low-skilled
labour was the dominating skill-type in total hours worked — its development patterns in
both countries were very close to those of total hours worked during the observation period.
Regarding medium-skilled and high-skilled labour, the top-5 strongest backward linkages
were also similar to those of total labour in both countries throughout. Apart from a rel-
atively constant ordering related to the top-5 strongest backward linkages, with decreasing
intensity, skill-type specific differences were more pronounced.

Interestingly, for both countries the higher the skill-type, the more important was inter-
action with sector M. While for the Italian C&T-industry’s the intensity of this backward
linkage stayed relatively constant across time it lost in importance for Portugal’s C&T-
industry. Evidently, more for Italy’s C&T-industry than for Portugal’s, interactive learning

through this channel remained an important source of skills-upgrading.

1L A detailed list on industry-codes can be found in Table .
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4.3 Results from Structural Decomposition of Employment Growth

Sticking finally to results from the SDA of employment growth, as can be seen from Table
in Italy — except for 1999-2000 and 2006—2007 — changes in total labour coefficients
had the most intense impact (both negative and positive) on employment growth in its
C&T-production. Changes in total labour coefficients, in 9 out of 12 periods went hand in
hand with a growth in labour productivity. With respect to changes in skill-type specific
labour coefficients, skills-upgrading in the Italian C&T-industry in the second half of the
investigation period boosted total labour productivity growth — at the cost of low-skilled
employment — and for some years was accompanied by gains in employment of medium- and
high-skilled labour.

Impacts of dynamics in the Leontief-Inverse on total C&T-employment growth, which
reflects changes in the overall industry-linkage structure, changed in sign during the early
years of the investigation period (1995-2002) and from 2002 onwards, its dynamics caused a
continuous reduction in total hours worked. In particular, this can be attributed to economy-
wide changes in average production processes, which apart from 1997-1998 and 2001-2002,
were of a labour-saving character. With a few exceptions the technological change effect
was stronger in absolute magnitude than the import effect, signalising that economy-wide
technological change was a more important determinant of employment dynamics in the
Ttalian C&T-industry, than the effects of trade liberalisation.

Concerning dynamics experienced on average in Italy’s low-tech sector (Appendix B]
Table , changes in total labour coefficients had less frequently the dominant effect on
employment growth compared to the situation observed in C&T-production. As regards
their development, similar to C&T-production from 2001 onwards a continuous increase
in total labour productivity was observed. Furthermore, impacts of changes in skill-type
specific labour coefficients on C&T-employment growth partly followed the direction of av-
erage changes in the low-tech sector. Yet, changes of low-skilled and medium-skilled labour
coefficients in Italy’s C&T-industry were in general more pronounced compared to the low-
tech sector. Also different from the situation of C&T-production, changes in intermedi-
ate import demand had a stronger absolute effect on employment more frequently than
economy-wide changes in average production technologies. This supports the finding that
Ttaly’s C&T-production — despite the experienced trade liberalisation — reacted relatively
more sensitive to innovation system-related-dynamics. Besides, more often than was the
case in the C&T-industry, a positive effect on average employment in the low-tech sector
arose from economy-wide changes in average production technologies, which confirms the
observation that a strong labour-saving bias of changes in average production processes on
C&T-employment was industry-specific.

Turning to partial effects determining C&T-employment growth in Portugal (see Table
, different from the situation observed in Italy, changes in total labour coefficients only
in 6 periods had the strongest (both negative and positive) impact on employment growth,

while during the remaining year final demand changes were the most decisive factor.
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This shows that employment in Portuguese C&T-production was more prone to changes
on the demand side than to changes on the production side, compared to the Italian case.
Impacts of changes in total labour coefficients were rather diverse throughout and also with
respect to changes in skill-type specific labour-coefficients, these alternated in sign rather
frequently.

Except for two periods — 1998-2000 — changes in the economy-wide production structure
resulted in a reduction in Portuguese C&T-employment. Similar to the situation observed
in Italy, but for different periods, the technological change effect in 8 out of 12 periods was
stronger than the import effect. Regarding economy-wide changes in average production
processes, this led to a reduction of employment in the Portuguese C&T-industry from 2000
onwards, and before its bias was sometimes labour-using and sometimes labour-saving. It is
thus evident, that changes in economy-wide average production technologies in Portugal had
a similar impact on C&T-employment, growth as in Italy and that in the second half of the
observation period factor-biased technological change appeared, leading to the substitution
of labour for other inputs in C&T-production.

As regards dynamics in the Portuguese low-tech sector, the final demand effect was less
frequently the dominant driver of employment growth compared to its C&T-industry. Fur-
thermore, from 1995 until 2002 total labour coefficients rose, whereas from 2002 until 2007
labour productivity accelerated. It was observed as well that developments in skill-type spe-
cific labour coefficients in the Portuguese low-tech sector were relatively more homogeneous
until 2002 than those of its C&T-industry, indicating that the restructuring process resulted
in rather industry-specific dynamics at this time. Noteworthy, economy-wide changes in
average production processes more often had a labour-using impact on average employment
growth than was the case in the C&T-industry. Another remarkable difference to the Por-
tuguese C&T-industry was found with respect to the absolute magnitude of the technological
change and the import effect, where the latter in the low-tech sector was more frequently

stronger than the former.

In a final step, the impact of technological change observed within both countries’ C&T-
industries on C&T-employment is discussed, as reported in Table B] In Italy for 10 periods,
changes in the average C&T-process technology generated a negative effect on its employ-
ment growth, and only for two periods had a labour-using impact. In Portugal changes
in the average C&T-production technology, similar to the situation observed in Italy, were
labour-using only for two periods and during the other periods caused a reduction of to-
tal hours worked in C&T-production. As illustrated in (Table B6), in Italy
labour-saving technological change was observed less frequently in its benchmark sector,
whereas in the Portuguese benchmark sector, similar to its C&T-industry, labour-saving
technological change prevailed in most periods. Thus, in this case the impact of innova-
tion system-related-dynamics on Italy’s C&T-employment did not follow aggregate patterns

observed in its benchmark sector, whereas in Portugal similar patterns appeared.
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Italy Portugal
1995-96 -0.01364 -0.00224
1996-97 -0.00432 0.00235
1997-98  0.00344 -0.00200
1998-99 -0.00118 -0.02379
1999-00 -0.00427 0.03578
2000-01 -0.01495 -0.00576
2001-02  0.01550 -0.02674
2002-03 -0.00300 -0.01061
2003-04 -0.01279 -0.00981
2004-05 -0.00638 -0.01506
2005-06 -0.00732 -0.02718
2006-07 -0.00133 -0.00647

Table 3: Impact of technological change in the C&T-industries of
Italy and Portugal on C&T-employment growth, 1995-2007.
Note that values are expressed as shares of the C&T-employment growth rate.
Data Source: [EU Labour Force Survey|(2014) and [Timmer et al.|(2015). Author’s own calculations.

5 Conclusion

From low-tech to high-skill? Seeking to find an answer to this question, the main purpose
of this paper was to contribute to a better understanding of innovation system-related-
dynamics prevailing in Italy’s and Portugal’s C&T-industries in terms of interactive learn-
ing. We accounted for two different ways in which interactive learning might unfold, namely
(1) skills-upgrading and (2) process innovations. The investigation period (1995-2007) was
concentrated to a time, where this industry experienced deep economic restructuring merely
in light of changes in the institutional environment. Since employment in the two C&T-
industries came under pressure due to the before-mentioned restructuring, labour of dif-
ferent skill-types was considered an appropriate variable to answer the research question
and to draw an accurate picture of the evolution of the two C&T-industries. From a more
methodological perspective, studying employment dynamics by making use of the concept of
product-embodied labour flows and of SDA proved successful, since various strong industry-
and country-specific empirical patterns were figured out. To reconcile industry-specific dy-
namics, the low-tech sector of each country was used as a benchmark.

Starting with a short descriptive analysis, first hints were collected that it was in partic-
ular Ttaly’s C&T-industry, where learning unfolded in skills-upgrading. Different from that,
in Portugal efforts towards skills-upgrading were hardly observed until 2000.

In a next step the partial perspective was dropped and instead the evolution of the full
labour content (both direct and indirect) embodied in C&T-production was investigated.
This provided a thorough picture of the relationship between learning and skills-upgrading.

As regards intertemporal dynamics, distinct developments towards a higher qualification
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of the working force became evident in Italy, which prevailed as well in its benchmark
sector — despite at a lower level. In particular, it has been a strong linkage structure into
which the Italian C&T-industry was embedded and an intense inter-industry interaction
with upstream producers which have spurred this evolution. In Portugal, however, things
initially evolved differently: C&T-production until 2000 got more low-skill intensive and only
by then, learning activities through interaction with upstream producers were reinforced,
reflecting in a slightly higher medium- and high-skilled labour content of its C&T-production.

While observed dynamics were relatively more industry-specific in Portugal than in Italy,
the Portuguese C&T-industry during the whole time span was relatively more cohesive than
the Italian, which might have prevented the establishment of intense interaction patterns
favourable to a more interactive learning process. Still, for both countries it was only a
handful of upstream producers, with whom strong interaction took place, even though some
intertemporal shifts appeared. Especially interaction with knowledge intensive business
service industries have been supporting the learning process which led to skills-upgrading in
both C&T-industries.

With respect to results of the SDA, labour productivity growth together with economy-
wide changes in average production processes were important determinants of C&T-employ-
ment in Italy throughout and in the second half of the observation period as well in Portugal.
While in Italy the diffusion of economy-wide process innovations mostly had a negative
impact on C&T-employment growth, this bias for Portugal was observed only after 2000.
As regards changes in average production processes in the two C&T-industries, for both
countries a strong skill-bias prevailed which resulted in a technology-skill-complementarity.

We conclude that both countries” C&T-industries evolved away from a typically low-tech,
low-skill intensive towards a more medium- and high-skill intensive industry. Even though in
Portugal innovation system-related-dynamics manifested later than in Italy, the performance
of its innovation system was comparatively more strongly bound to the evolution of its C&T-
industry, whereas in Italy innovation system-related-dynamics were less industry-specific but

caused a more systemic change in its economic structure.

References

Adhikari, R.; Yamamoto, Y. The Textile and Clothing Industry: Adjusting to the Post-
Quota World. in: Industrial Policy for the 21st Century: Sustainable Development Per-
spectives, pp. 183-234 UN-Department of Economic Social Affairs, New York, 2007.

Andersen, E. Approaching National Systems of Innovation from the Production and Linkage
Structure. in: Lundvall, B.-A., editor, National Innovation Systems: Toward a Theory of

Innovation and Interactive Learning, pp. 71-96 Anthem Press, London, 2010[1992].

Arrow, K. The Economic Implications of Learning by Doing, The Review of Economic
Studies, 29(3):155-173, 1962.

23



Dietzenbacher, E.; Los, B. Structural Decomposition Techniques: Sense and Sensitivity,
Economic Systems Research, 10(4):307-324, 1998.

Dietzenbacher, E.; Hoen, A.; Los, B. Labour Productivity in Western Europe 1975-1985: An
Intercountry, Interindustry Analysis, Journal of Regional Science, 40(3):425-452, 2000.

EU Labour Force Survey. Available online at http://ec.europa.eu/eurostat/web/

microdata/european-union-labour-force-survey, accessed 2015/08/06, 2014.

Edquist, C.; Johnson, B. Institutions and Organizations in Systems of Innovation. in:
Edquist, C., editor, Systems of Innovation: Technologies, Institutions and Organizations,
pp. 41-63 Routledge, London and New York, 2012[1997].

Erumban, A.; Gouma, R.; de Vries, G.; de Vries, K.; Timmer, M. WIOD Socio-Economic Ac-
counts: Sources and Methods. Available online at http://www.wiod.org/publications/
source_docs/SEA_Sources.pdf, accessed 2015/08/06, 2012.

European Commission. The Challenge of 2005: European Textiles and Clothing in a Quota
Free Environment, High Level Group Report and First Recommendations. Available on-
line at http://ec.europa.eu/enterprise/sectors/textiles/files/hlg_report_30_
06_04_en.pdf}, accessed 2015/08,/06, 2004a.

European Commission. Textiles and Clothing after 2005 — Recommendations of the High
Level Group for Textiles and Clothing. Available online at http://eur-1lex.europa.eu/
LexUriServ/LexUriServ.do?uri=C0OM:2004:0668:FIN:EN:PDF, accessed 2015/08/06,
2004b.

Foster, N.; Stehrer, R.; de Vries, G. Offshoring and the Skill Structure of Labour De-
mand. wiiw Working Paper 86, June 2012, available online at http://data.wiiw.ac.at/
offshoring-and-the-skill-structure-of-labour-demand-dlp-2638.pdf, accessed
2015/08/06, 2012.

Hauknes, J.; Knell, M. Embodied Knowledge and Sectoral Linkages: An Input-Output
Approach to the Interaction of High- and Low-Tech Industries, Research Policy, 38(3):
459-469, 2009.

Hirsch-Kreinsen, H.; Jacobson, D.; Laestadius, S.; Smith, K. Low-Tech Industries and
the Knowledge Economy: State of the Art and Research Challenges. PILOT: Policy
and Innovation in Low-Tech, available online at: http://www.nifu.no/files/2012/11/
STEPrapport2003-16.pdf, accessed 2015/08/06, 2003.

Kalmbach, P.; Kurz, H. Internationale Wettbewerbsfihigkeit und Technologieinten-
sitdt: Eine Anwendung des Subsystem-Ansatzes, IFO-Studien Zeitschrift fir empirische
Wirtschaftsforschung, 31(2):149-168, 1985.

Leoncini, R.; Montresor, S. Technological Systems and Intersectoral Innovation Flows. Edg-
ward Elgar Publishing, Cheltenham, 2003.

24


http://ec.europa.eu/eurostat/web/microdata/european-union-labour-force-survey
http://ec.europa.eu/eurostat/web/microdata/european-union-labour-force-survey
http://www.wiod.org/publications/source_docs/SEA_Sources.pdf
http://www.wiod.org/publications/source_docs/SEA_Sources.pdf
http://ec.europa.eu/enterprise/sectors/textiles/files/hlg_report_30_06_04_en.pdf
http://ec.europa.eu/enterprise/sectors/textiles/files/hlg_report_30_06_04_en.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2004:0668:FIN:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2004:0668:FIN:EN:PDF
http://data.wiiw.ac.at/offshoring-and-the-skill-structure-of-labour-demand-dlp-2638.pdf
http://data.wiiw.ac.at/offshoring-and-the-skill-structure-of-labour-demand-dlp-2638.pdf
http://www.nifu.no/files/2012/11/STEPrapport2003-16.pdf
http://www.nifu.no/files/2012/11/STEPrapport2003-16.pdf

Leoncini, R.; Maggioni, M.; Montresor, S. Intersectoral Innovation Flows and National
Technological Systems: Network Analysis for Comparing Italy and Germany, Research
Policy, 25(3):415-430, 1996.

Los, B.; Timmer, M.; de Vries, G. The Demand for Skills 1995-2008: A Global Supply
Chain Perspective. OECD Publishing, No. 1141, OECD Economics Department Working
Papers, DOI: 10.1787/5j2123g0f51p-en, 2014.

Lundvall, B.-A., editor. National Systems of Innovation: Toward a Theory of Innovation
and Interactive Learning. Anthem Press, London, 2010[1992].

Magacho, G. Incorporating Import Coefficients into a Structural Decomposi-
tion Analysis: An Empirical Investigation on Brazilian Growth Sources, Work-
ing Paper.  Available online at |http://cemacro.fgv.br/sites/cemacro.fgv.br/
files/Incorporating}20Import’20Coefficients’20into%20a%20SDA_0.pdf, accessed
2015/08/06, 2013.

Metcalfe, J. Evolutionary Economics and Technology Policy, The Economic Journal, 104
(425):931-944, 1994.

Miller, R.; Blair, P. Input-Output Analysis: Foundations and Extensions. Cambridge Uni-
versity Press, Cambridge, 2nd edition, 2009.

Momigliano, F.; Siniscalco, D. Note in Tema di Terziarizzazione e Deindustrializzazione,
Moneta e Credito, 35(138):143-181, 1982.

Montresor, S.; Vittucci Marzetti, G. Applying Social Network Analysis to Input-Output
Based Innovation Matrices: An Illustrative Application to Six OECD Technological Sys-
tems for the Middle 1990s, Economic Systems Research, 21(2):129-149, 20009.

Nelson, R.; Winter, S. An FEvolutionary Theory of Economic Change. Belknap Press of
Harvard University Press, Cambridge, 1982.

Papaconstantinou, G.; Sakurai, N.; Wyckoff, A. Domestic and International Product-
Embodied R&D Diffusion, Research Policy, 27(3):301-314, 1998.

Rampa, G. Commento a Momigliano e Sinsicalco, Moneta e Credito, 135(40):475-479, 1982.

Rosenberg, N. Inside the Black Box: Technology and Economics. Cambridge University
Press, Cambridge, 1982.

Rosendo, H.; Scheffer, M. In-Depth Assessment of the Situation of the T&C Sec-
tor in the EU and Prospects. Final Report ENTR/2010/16, available online
at: http://ec.europa.eu/enterprise/sectors/textiles/documents/saxion_task6_

innovation_practice_en.pdf, accessed 2015/08/06, 2012.

Schmookler, J. Invention and Economic Growth. Harvard University Press, Cambridge,
1966.

25


http://cemacro.fgv.br/sites/cemacro.fgv.br/files/Incorporating%20Import%20Coefficients%20into%20a%20SDA_0.pdf
http://cemacro.fgv.br/sites/cemacro.fgv.br/files/Incorporating%20Import%20Coefficients%20into%20a%20SDA_0.pdf
 http://ec.europa.eu/enterprise/sectors/textiles/documents/saxion_task6_innovation_practice_en.pdf
 http://ec.europa.eu/enterprise/sectors/textiles/documents/saxion_task6_innovation_practice_en.pdf

Schiitz, M.; Palan, N. Restructuring the International Textile Production and Trade Net-
work: The Role of Italy and Portugal. GSC Discussion Paper No.09/2 and FIW-Working
Paper No.156/April 2015, 2015.

Strohmaier, R.; Rainer, A. On the Economic Purpose of General Purpose Technolo-
gies: A Combined Classical and Evolutionary Framework. GSC Discussion Paper
04, available online at: |https://static.uni-graz.at/fileadmin/sowi-zentren/
Schumpeter-Centre/Download/Paper/04_StrohmaierRainer_2013_.pdf, accessed
2015/08/06, 2013.

Terleckyj, N. Effects of R&D on the Productivity Growth of Industries: An Exploratory
Study. Washington, National Planning Association, 1974.

Timmer, M. The World Input-Output Database (WIOD): Contents, Sources and Meth-
ods. Available online at: |http://www.wiod.org/publications/source_docs/WIOD_
sources.pdf, accessed 2015/08/06, 2012.

Timmer, M.; Dietzenbacher, E.; Los, B.; Stehrer, R.; de Vries, G. An Illustrated User
Guide to the World Input—Output Database: The Case of Global Automotive Production,
Review of International Economics, 23(3):575-605, 2015.

UNESCO Institute for Statistics. = ISCED: International Standard Classification of
Education. Available online at http://www.uis.unesco.org/Education/Pages/

international-standard-classification-of-education.aspx, accessed 2015/08/06,
2014.

Von Tunzelmann, N.; Acha, V. Innovation in ‘Low-Tech’ Industries. in: Fagerberg, J.;

Mowery, D.; Nelson, R., editors, The Ozford Handbook of Innovation, pp. 407-432 Oxford
University Press, Oxford, 2005.

Yang, L.; Lahr, M. Sources of Chinese Labor Productivity Growth: A Structural Decom-
position Analysis, 19872005, China Economic Review, 21(4):557-570, 2010.

26


https://static.uni-graz.at/fileadmin/sowi-zentren/Schumpeter-Centre/Download/Paper/04_StrohmaierRainer_2013_.pdf
https://static.uni-graz.at/fileadmin/sowi-zentren/Schumpeter-Centre/Download/Paper/04_StrohmaierRainer_2013_.pdf
http://www.wiod.org/publications/source_docs/WIOD_sources.pdf
http://www.wiod.org/publications/source_docs/WIOD_sources.pdf
http://www.uis.unesco.org/Education/Pages/international-standard-classification-of-education.aspx
http://www.uis.unesco.org/Education/Pages/international-standard-classification-of-education.aspx

Industry Classification

Industry

Industry ISIC Rev.3 Code

Agriculture, Hunting, Forestry and Fishing
Mining and Quarrying

Food, Beverages and Tobacco

Textiles and Textile Products

Leather, Leather and Footwear

Wood and Products of Wood and Cork
Pulp, Paper, Printing and Publishing
Coke, Refined Petroleum and Nuclear Fuel
Chemicals and Chemical Products

Rubber and Plastics

Other Non-Metallic Mineral

Basic Metals and Fabricated Metal
Machinery, Nec.

Electrical and Optical Equipment
Transport Equipment

Manufacturing, Nec; Recycling

Electricity, Gas and Water Supply
Construction

Sale, Maintenance and Repair of Motor Vehicles
and Motorcycles; Retail Sale of Fuel
Wholesale Trade and Commission Trade,
Except of Motor Vehicles and Motorcycles
Retail Trade, Except of Motor Vehicles and
Motorcycles; Repair of Household Goods
Hotels and Restaurants

Water Transport

Air Transport

Other Supporting and Auxiliary Transport
Activities; Activities of Travel Agencies
Post and Telecommunications

Financial Intermediation

Real Estate Activities

Renting of M&Eq and Other Business

Public Administration and Defence; Compulsory Social Security

Education

Health and Social Work

Other Community, Social and Personal Services
+ Private Households with Employed Persons

AtB

C
15t16*
17¢18*
19*
20*
21t22*
23

24

25

26
27t28
29
30t33
34t35
36t37*
E

F

a0

o1

52

H
61
62

63

64

J

70
71t74
L

M

N

OtP

Table 1: WIOD Industry Classification based on ISIC Rev.3. Note that industry-codes with an asterix correspond

to low-tech industries.

27



Appendix A Structural Decomposition

of Employment Growth

The growth rate of employment gf;Ll_’t of a country k£ between two periods ¢ —1 and ¢ as for-
malised in equation , can change due to first, changes in labour coefficients A, second,
changes in the Leontief-Inverse ALF, and third, changes in final demand Ay*. Since struc-
tural decompositions are not unique and involve an index problem, this causes imprecision
in results and difficulties in interpretation if more than two partial effects are distinguished
— as is the case in this paper. Thus, the number of alternative decompositions rises with a
factor n!, where n is the number of partial effects distinguished. To circumvent the index
problem we apply a polar decomposition. Dietzenbacher and Los|(1998) demonstrate that
results of polar decompositions are remarkably close to results of the average of all possible
decompositions. The 1st polar decomposition of equation (@, where variables are indexed

by period t for country k reads as follows:

1

POV <diag(Lk )diag(A)\k)]Lfdiag(yf)>e (Ala)
t—1€

LLY = (diag(Lkl )diag()\fl)ALkdiag(yf)>e (Alb)
t—1€

‘ 1 ‘ .

yyr = <dwg( % e>dwg(/\f_l)Lf_ldwg(Ay’“)>6 (Alc)

t—1

The 2nd polar decomposition, where year ¢t — 1 is used for indexing is given by:

1
M= (diag(Lk )diag(A/\k)Lfldiag(yfl))e (A2a)
t—1¢
LLF | = (diag (Lkl ) diag()\f)A]Lkdiag(yfl)> e (A2b)
t—1¢
‘ 1 ‘ .
yyr, = <dwg (Lke> diag(Af)Ly dwg(Ay’“)> e (A2¢)
t—1

Taking the average of the two polar decompositions of equations (Ala)—(Alc) and (A2a)-
(A2¢) the final decomposition of equation (§) can be written as:

g, =05 ((Mf + AN )+

(LLY +LLy ) + (yyr + yyf1)>

Appendix A.1 Decomposition of Total Labour Coefficients

Changes in total labour coefficients AN* in country k are further decomposed into changes

of skill-type specific labour coefficients AM**. The 1st polar decomposition for a single
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skill-type s = [, m, h is then given by:

R — <dmg<Lk1 e>dz‘ag(A)\k’l)Mdia9(yf))e (Ada)
t—1
1
ANEm (diag< i 6)dwg(M’c L diag(yf ) (Adb)
t—1
1
)\k h— (dmg(k)diag( ANCMYLidiag(yy ) (Adc)
Ly je

The 2nd polar decomposition reads as:

1

AL — (diag(m)diag(A)\k’l)]Lff_ldiag(yf_l))e (Aba)
t—1
1

AN — (diag(Lk e>diag(A)\k’m)]Lf1diag(yfl))e (A5b)
t—1

ANER— (diag(Lkl >dzag(A)\k’h)]Lfldiag(yfl))e (A5c)
t—1€

Taking the average of the two polar decompositions of equations (Ada)—(JA4c) and (A5a)-
(A5c), changes in labour coefficients AA* are determined by:

AN =05 ((Mf’l FAAEL) A AP™ AN + (AP + AAf*’Q)) (A6)

Appendix A.2 Decomposition of the Leontief-Inverse

Finally, changes in the Leontief-Inverse are decomposed into first, changes in average pro-
duction technology, and second, changes in the input structure arising through a substitution
of imported inputs for domestic inputs. Let Z* be a n x n matrix containing imported
intermediate transaction flows. Then the matrix of import coefficients for country k is de-
termined by A®M = ZFM(djag(2*))~!. It holds further that the matrix of technological
coefficients is the sum of the matrix of input coefficients and import coefficients, defined by
Ak = ARD L ARM - Given that LF = (I — APP)~1 and LF | = (I — AF5)=1, changes in
ALF can be further decomposed into the before-mentioned effects after a few mathematical
steps have been conducted.

Following Miller and Blair| (2009), this involves first post-multiplying of L} by (I — Af D).

LE(I— AFPYy =1 =1LF —LFARP (AT7a)
Second, pre-multiplying ¥ | by (I — At 1) yields:
(- APDLE = 1=L, - AP0, (ATD)

Rearranging equation 1) and post-multiplying by LF |; and rearranging in a further step
equation (A7b) and pre-multiplying by LF gives:

LF —I=LFAPP S LPLF | —LF | =LFARPLE | (A8a)
k,D k,D
Lf—l —-I= At’—lLf—l = Lfo—l - ]Lf = LfAtLlLf—l (A8b)
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Subtracting in a last step the right-hand side of equation ( from that of equation (,

one arrives at:
AL = LEAPPLE, — LEAPRLE | = LE(AARP)LE, (A9)
Given AP = Ak — ARM equation (A9) can be written as:

AL = L ((AF - AP™M) - Ak, - AP LE,
(A10)

=LEAAFLF | —TLEAARMLE |
The first term on the right-hand side of equation (A10), LFAA*LEF | describes technological

change, and the second LFAA®MLEF | the substitution of imported inputs for domestic

inputs, as described in (2013). Taking the right-hand side of equation (A10) and

indexing through by ¢ yields the 1st polar decomposition:

1
AAF = (diag ( i ) diag()\fl)LfAAk]L,’fldiag(yf)) e (Alla)

t—1€
AA,’f’M = (diag(

Lfle> diag()\f1)LfAAk’M]Lfldiag(yf)> e (A11b)

Indexing through by ¢ — 1, the 2nd polar decomposition is given by:

1
AA,’f_1 = (diag (Lk ) diag()\f)]LfAAk]Lf_1diag(yf_1)) e (A12a)
t—1€
AAfLAf = (diag(Lk )diag()\f)LfAAk’MLfldiag(yfl))e (A12b)
t—1€

Taking the average of equations (|A1la)—(A11b) and (A12a)—(|A12b), finally one arrives at:

ALF = 0.5((,4,4;“_1 + AAF) — (AAPA + AAf’M)> (A13)
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Italy Portugal
1995-96  -0.00798 -0.00554
1996-97  0.00488 0.00135
1997-98  0.00563 -0.00033
1998-99  0.00329 -0.00623
1999-00  0.00425 0.00609
2000-01  0.00365 0.00350
2001-02  0.00121 -0.00894
2002-03  0.00183 -0.00585
2003-04 -0.00829 -0.00555
2004-05 -0.00608 -0.00484
2005-06 -0.00314 -0.00979
2006-07  0.00390 0.00312

Table B6: Average impact of technological change in the low-tech sectors of Italy and Portugal
on average sectoral employment growth, 1995-2007.
Values are expressed as shares of the C&T-employment growth rate.

Data Source: |[EU Labour Force Survey| (2014) and (2015). Author’s own calculations.
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