
HAL Id: hal-03192311
https://hal.science/hal-03192311v1

Preprint submitted on 29 Mar 2022 (v1), last revised 7 Apr 2021 (v2)

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Evolutionary Micro-dynamics and Changes in the
Economic Structure

André Lorentz, Maria Savona

To cite this version:
André Lorentz, Maria Savona. Evolutionary Micro-dynamics and Changes in the Economic Structure.
2022. �hal-03192311v1�

https://hal.science/hal-03192311v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


econstor
Make Your Publications Visible.

A Service of

zbw
Leibniz-Informationszentrum
Wirtschaft
Leibniz Information Centre
for Economics

Lorentz, André; Savona, Maria

Working Paper

Evolutionary micro-dynamics and changes in the
economic structure

LEM Working Paper Series, No. 2006/28

Provided in Cooperation with:
Laboratory of Economics and Management (LEM), Sant'Anna School of Advanced Studies

Suggested Citation: Lorentz, André; Savona, Maria (2006) : Evolutionary micro-dynamics and
changes in the economic structure, LEM Working Paper Series, No. 2006/28, Scuola Superiore
Sant'Anna, Laboratory of Economics and Management (LEM), Pisa

This Version is available at:
http://hdl.handle.net/10419/89421

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

www.econstor.eu



 
 

 
Evolutionary Micro-dynamics  

and Changes in the Economic Structure 

 
André LORENTZ * 

Maria SAVONA** 

 

 
 
 

 
 

* LEM, Scuola Superiore Sant’Anna, Pisa (Italy) and  
BETA, UMR CNRS 7522, Université Louis Pasteur, Strasbourg (France)  

** The Cambridge-MIT Institute, Cambridge University (UK) and  
Faculté des Sciences Economiques et Sociales, Université Lille 1 (France) 

2006/28 November 2006

LLEEMM  

Laboratory of Economics and Management 
Sant’Anna School of Advanced Studies 

Piazza Martiri della Libertà, 33 - 56127 PISA (Italy) 
Tel. +39-050-883-343  Fax +39-050-883-344 
Email: lem@sssup.it  Web Page: http://www.lem.sssup.it/ 
 

Working Paper Series 



Evolutionary Micro-dynamics and Changes in
the Economic Structure∗
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Abstract

The paper develops a growth model with evolutionary micro–founded
structural change. The model endogenises both technical change and
changes in final and intermediate demand as affecting macro-economic
growth, through the structural change of the economy. The aim is to
formally account for the empirical stylised fact of the changes in the
sectoral structure of the economy which have led to the growth of ser-
vices in most advanced countries over the last decades. At the meso-
macro level of analysis, we investigate whether the structural changes
leading to the growth of services are mainly demand-led, both in terms
of final consumption and intermediate demand. At the micro-level of
analysis, we explore whether demand constraints affect the degree of
exploitation of technological opportunities. The simulated results are
based on the use of the actual Input–Output coefficients in the case
of Germany. Four scenarios have been identified, which account for
the effects of a set of key parameters on the changes in the structure
of the economy.
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1 Introduction

The debate around the determinants and the economic impact of tertiari-
sation is age–old (Clark, 1940; Baumol and Bowen, 1966; Baumol, 1967;
Fuchs, 1968). Yet, a recent collection of contributions on the economics of
services (ten Raa and Schettkat, 2001) still refers to the ‘service paradox’
as an unresolved issue in the economic literature (see also Appelbaum and
Schettkat, 1999; Pugno, 2006). The ‘paradox’ consists of the empirical fact
that advanced economies are still experiencing sustained growth rates of real
output and employment of service industries despite trends of increasing in-
put costs and prices.

Since the debate around tertiarisation started, the growth of services’
real output shares has been mainly attributed to shifts in private domes-
tic consumption, which has in turn been claimed to be mainly sustained by
a positive income effect, more than compensating a negative price effect.
However, the demand for services has been overall steadily growing, whereas
average real income growth rates have been slightly declining over time from
mid–1970s onwards (ten Raa and Schettkat, 2001). The growth of services
represents therefore the most relevant case of change in the economic struc-
ture of advanced economies and yet it still is the most under–investigated.

More in general, much effort has been devoted to the identification of the
sources of structural change in the empirical literature, particularly amongst
the contributions in the I–O tradition, starting with Leontief (1951) and
Leontief (1953) seminal work. Within the I–O framework, and more gener-
ally in the economic literature (Pasinetti, 1973), a full empirical account of
structural economic change relies on the assessment of changes in sectoral
interdependencies.

In line with this literature, in our previous work (Savona and Lorentz,
2006) we decomposed sectoral output growth into the relative contribution of
changes in technology coefficients and final domestic and foreign demand. We
applied an I–O Structural Decomposition Analysis (SDA) technique (for an
exhaustive review see Rose and Casler, 1996) to 13 selected macro–branches
of the economy over the period between the end of the 1960s to the end of
the 1990s for four OECD countries (Germany, Netherlands, UK and US).

The empirical stylised facts thereby identified can be summarised as fol-
lows:

1. Real output growth since the beginning of the ’70s in most of the OECD
countries has been positive for most of the service branches consid-
ered, and particularly for the Knowledge Intensive Business Services
(KIBS). Further, this seems not to have crowded out the manufactur-
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ing branches, except in the UK and USA, between the end of the ’70s
and the beginning of the ’80s. This is in fact the only sub-period for
which there seems to emerge a phase of de-industrialisation, though
confined to the cases of these two countries.

2. The contribution of changes in intermediate coefficients to real output
growth is much higher for service branches than for manufacturing ones.
The sources of structural change leading to services’ growth are linked
to both intermediate and final demand, whereas the output growth
of manufacturing branches is mainly due to final (private and public)
consumption. Unlike in manufacturing branches, foreign demand has
played a marginal role in the output growth of services, and this trend
is confirmed in the 1990s.

3. As far as the branch of KIBS is concerned, the strong dynamics of real
output growth have been sustained not only by final demand, but also
particularly by the dramatic changes in the coefficients of intermediate
demand. This confirms that the growth of KIBS represent the most
important case of structural change driven by intermediate demand.

Our empirical findings support what ten Raa and Schettkat (2001) label
as a ‘change in demand conditions’, which is claimed to dominate over the
pure (final) income and price effects, in driving the ‘service paradox’. How-
ever, the empirical literature based on the use of SDA techniques, though duly
accounting for the relative contribution of demand and technology, does not
disentangle the determinants of the different patterns of structural change.
Phrased otherwise, an accounting empirical exercise of the sort of SDA does
provide evidence on the presence and the dimension of a phenomenon, though
does not allow to discriminate amongst its causal determinants.

This work builds upon the empirical stylised fact of the ‘service paradox’
by providing a formal model of economic growth with evolutionary micro-
founded structural change. Our conjecture can be summarised as follows.

The ‘service paradox’, and particularly the black box of the ‘change in
demand conditions’ is likely to be related to changes in the composition of
intermediate demand for services. These latter follow changes in the inter–
industry division of labour between services and the rest of the economy.
Changes in intermediate links are argued here to complement — and in some
case dominate — the role of income– and price–led change of final demand
in accounting for the structural change leading to the growth of services.

More in particular, our model attempts to formally account for the fol-
lowing hypotheses:
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1. The growth and composition of final and intermediate demand ulti-
mately shape the structural changes of sectoral output growth in ad-
vanced economies. In particular, at the meso-macro level of analysis
and within an input-output framework, a predominant role in deter-
mining the growth of services has to be attributed to the increase of
demand for services as intermediate inputs for the whole economy (ser-
vices themselves included);

2. Final demand and technology are self-reinforcing in determining the
growth dynamics of firms, whereas intermediate demand factors ac-
count for the transmission of micro behaviours into macro-level conse-
quences in terms of structural change. At the micro level of analysis,
we expect favourable demand conditions to represent a necessary in-
centive for firms to respond to technological shocks, innovate and grow.
On the contrary, we argue that the exploitation of technological oppor-
tunities, especially those provided by the pervasive use of Information
and Communication Technologies, is not a sufficient condition for (ser-
vice) firms and sectors to experience positive growth rates of output
and employment.

The model developed in this paper is in line with the attempts to em-
bracing in a unifying framework both neo-Schumpeterian and Keynesian
line of thoughts in explaining economic growth (Verspagen, 2002a; Verspa-
gen, 2002b).

The works of Schumpeter (1934) and Keynes (1936) stand in fact as the
main response to the neoclassical orthodoxy which has dominated the debate
over the causes of economic growth. The former called attention to the role
of innovation for economic growth and development. The latter radically
criticised the causal direction imposed by Say’s Law — i.e. that supply
always creates its own demand — and argued that the dynamics of demand
might act as a constraint on the dynamics of macroeconomic growth, when
resources are not fully employed.

The neoclassical conceptual framework, though, has been recently reprised
with the aim of releasing some of the most constraining assumptions (See
among others Barro, 1991; Aghion and Howitt, 1992; Aghion and Howitt,
1994; Aghion and Griffith, 2005). Despite the label of New Growth Theory
(NGT), it still dominates the academic debate, leaving the dynamic aspects
and the effects of both technical and demand patterns changes on aggregate
growth unaccounted for. To phrase it with Thirlwall (2003)[p. 47]:

‘NGT lies squarely in the orthodox neoclassical camp in which
growth is driven from the supply side. Saving leads to investment,
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a country’s balance of payments looks after itself, and countries
converge on their own natural rate of growth which is not itself
explicitly dependent on the strength of demand within an econ-
omy (...) To assume that Say’s Law of Markets holds is just not
good enough’

It is far beyond the scope of this work to provide an exhaustive review of
the critiques moved to the NGT theoretical (and empirical) implementations
of the neo-classical framework. Rather, it suffices here to highlight the lines
along which our contribution is aimed to be located within this debate. As
Thirlwall (2002) argues, older vintages of (post-Keynesian) growth theorists
have already provided robust answers to the empasse of neo-classical growth
models (see also Panico, 2003). In particular, the Cumulative Causation
Model and the technical progress function as both put forward by Kaldor
has already provided a framework to endogenise capital accumulation and
technical change as determinants of economic growth, though mainly at the
macro-level of analysis (Kaldor, 1957; Kaldor, 1966).

The ‘creative destruction’ brought about by scientific discovery and the
consequences of its economic applications have been at the core of Schum-
peter’s contribution (Schumpeter, 1934). The importance of technical change
for growth and competitiveness of firms, sectors and countries has been em-
phasised and reprised within the neo-Schumpeterian stream of literature,
starting from the seminal contribution by Nelson and Winter (1982) (See
also, among others Dosi, Freeman, Nelson, Silverberg, and Soete, 1988; Sil-
verberg and Verspagen, 1995). This stream of literature is however charac-
terised by an almost exclusive focus on the nature and economic effects of
technology adoption and diffusion at the micro-level of analysis, neglecting
both the role of the demand-side determinants of firms’ strategic behaviours
and the consequences of macro-level demand constraints.

Both technical change and demand might disrupt the steady path of
macroeconomic growth, as well as the structural composition of the econ-
omy (Pasinetti, 1981). Within the neo-Schumpeterian stream of literature,
there are very few attempts to encompass both technology and demand
as affecting economic growth (Fagerberg, 1994; Montobbio, 2002; Verspa-
gen, 1993; Verspagen, 2000; Verspagen, 2002b; Verspagen, 2002a; Llerena
and Lorentz, 2004b; Llerena and Lorentz, 2004a).

Interestingly, both Verspagen (1993) and Llerena and Lorentz (2004a and
b) re-consider the Kaldorian Cumulative Causation mechanism. The former
by introducing explicit ‘evolutionary’ selection processes within a cumulative
causation framework. The latter by providing a micro-foundation of the
process of emergence and diffusion of technologies.
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However, the ‘side effects’ of both technical change and demand-constraints
on the structural change of economies are not contemplated in depth by
these studies, particularly at the micro- and meso-level of analysis. Nor, as
a consequence, do they account for technology and demand as affecting the
transmission of micro-behaviours into meso-level changes. Further, the con-
ceptualisation of the nature of technical change and its impact on structural
change and economic growth has been mainly confined to the manufactur-
ing industries, despite the renewed and increasing awareness of the impor-
tance of the services domain of analysis (ten Raa and Schettkat, 2001; Par-
rinello, 2004; Schettkat and Yocarini, 2006).

The model developed in this work extends the one proposed in Llerena
and Lorentz (2004b) by providing evolutionary micro-foundation to the struc-
tural change of the economy. On the one hand, we provide micro-foundation
to the Kaldorian Cumulative Causation mechanism. On the other hand
we account for (demand-related) macro-constraints as affecting the micro-
behaviours of firms when deciding to adopt technology. Further, we ac-
count for the mechanisms transmitting the effects of micro-behaviours into
macro-consequences, via changes in the sectoral composition of the economy.
We aim to provide an explanation to the empirical stylised facts in terms
of supply and demand contribution to structural change, and tertiarisation
processes in particular, as found in Savona and Lorentz (2006).

The remainder of the paper is organised as follows. Next section devel-
ops a model of economic growth with evolutionary micro-founded structural
change. Section 3 explains the methodology employed to simulate the model
(3.1), details four simulation scenarios (3.2) and discusses the simulation re-
sults, as well as the coherence between the empirical stylised facts found
for the case of Germany and the simulated results (3.3). Finally, Section 4
summarises the main findings, draws the conclusions and highlights future
directions of research.

2 A Model of Evolutionary Micro-Founded

Structural Change

2.1 The macro-economic framework

Drawing upon an I-O framework (Leontief (1951)), we decompose the sec-
toral output into three components: intermediate consumption, final domes-
tic consumption and (net) foreign final consumption. The aggregate output
is therefore a function of the sectoral structure of the economy, which in turn
is determined by intermediate and final components of demand, in a Keyne-
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sian framework.



Y1,t
...

Yj,t
...

YJ,t

 =



I1,t
...

Ij,t
...

IJ,t

+



C1,t
...

Cj,t
...

CJ,t

+



X1,t
...

Xj,t
...

XJ,t

−


M1,t
...

Mj,t
...

MJ,t

 (1)

For each sector j the aggregate demand (Yj,t) is decomposed in three
components: Intermediate consumption (Ij,t), final domestic consumption
(Cj,t) and net exports (Xj,t −Mj,t).

Intermediate consumption for sector j is defined as the sum of the demand
of sector j product by firms and is defined as follows:

Ij,t =
J∑

k=1

Y D
j,k,t =

J∑
k=1

aj,k,tYk,t (2)

where Y D
j,k,t represents the demand for sector j products by the sector k;

Yk,t represents the production level of sector k, and the coefficients aj,k,t are
computed as follows:

aj,k,t =
∑

i

zk,i,taj,k,i,t (3)

where zk,i,t represenents firm i from sector k market share as defined by equa-
tion 15 and aj,k,i,t represents the firm i in sector k intermediate consumption
coefficient for sector j products.

Hence the vector It of intermediate consumption can be represented as
follows:

It ≡



I1,t
...

Ik,t
...

IJ,t

 =



a1,1,t . . . a1,k,t . . . a1,J,t
...

. . .
...

ak,1,t . . . ak,k,t . . . ak,J,t
...

. . .
...

aJ,1,t . . . a1,k,t . . . aJ,J,t





Y1,t
...

Yk,t
...

YJ,t

 (4)

Final consumption is a function of the economy’s real income level. Each
sector j ’s final consumption (Cj,t) corresponds to a share cj,t of the real
income level:

Cj,t = cj,tYt (5)

The shares cj,t evolve as real income increases, and are function of fixed
income elasticities (εj). These shares are computed as:

cj,t =
Y

εj

t−1

Yt−1
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Real income corresponds to real GDP and therefore to the sum of sector’s
nominal output deflated by the GDP deflator. The consumption level for each
sector j can therefore be expressed as follow:

Cj,t = cj,t

J∑
k=1

pk,t

p̄t−1

Yk,t

where p̄t−1 represents the GDP deflator1. The vector Ct of final consumption
is therefore computed as follows:

Ct ≡



C1,t
...

Cj,t
...

CJ,t

 =



c1,t
p1,t

p̄t−1
. . . c1,t

pj,t

p̄t−1
. . . c1,t

pJ,t

p̄t−1

...
. . .

...
cj,t

p1,t

p̄t−1
. . . cj,t

pj,t

p̄t−1
. . . cj,t

pJ,t

p̄t−1

...
. . .

...
cJ,t

p1,t

p̄t−1
. . . cJ,t

pj,t

p̄t−1
. . . cJ,t

pJ,t

p̄t−1





Y1,t
...

Yj,t
...

YJ,t

 (6)

For each sectors imports (Mj,t) correspond to a share mj,t of the total
domestic demand of the sector (Ij,t +Cj,t). This share can be a proxy for the
economy’s international competitiveness. Hence, for each sector, net exports
can be defined as follows:

Xj,t −Mj,t = Xj,t −mj,t(Ij,t + Cj,t)

Using equations 4 and 6 we can therefore express the vector of net exports
(Xt −Mt) as follows:

Xt −Mt =


X1,t

...
XJ,t

−


m1,t

(
a1,1,t + c1,t

p1,t

p̄t−1

)
. . . m1,t

(
a1,J,t + c1,t

pJ,t

p̄t−1

)
...

. . .
...

mJ,t

(
aJ,1,t + cJ,t

p1,t

p̄t−1

)
. . . mJ,t

(
aJ,J,t + c1,t

pJ,t

p̄t−1

)



Y1,t
...

YJ,t


(7)

Hence substituting equation 4, 6 and 7 in equation 1, we obtain the
following expression for the vector of sectoral demand:

Y1,t
...

Yk,t
...

YJ,t

 =



α1,1,t . . . α1,k,t . . . α1,J,t
...

. . .
...

αk,1,t . . . αk,k,t . . . αk,J,t
...

. . .
...

αJ,1,t . . . α1,k,t . . . αJ,J,t





Y1,t
...

Yk,t
...

YJ,t

+



X1,t
...

Xk,t
...

XJ,t

 (8)

1The GDP deflator is computed as:

p̄t =
J∑

j=1

pj,t
pj,tYj,t∑
pj,tYj,t
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with
αj,k,t = (1−mj,t)(aj,k,t + cj,t

pk,t

p̄t−1

)

From this last equation we can compute the reduced form of our model,
assuming the short-run macroeconomic identity to hold:



Y1,t
...

Yk,t
...

YJ,t

 =



1− α1,1,t . . . −α1,k,t . . . −α1,J,t
...

. . .
...

−αk,1,t . . . 1− αk,k,t . . . −αk,J,t
...

. . .
...

−αJ,1,t . . . −α1,k,t . . . 1− αJ,J,t



−1

X1,t
...

Xk,t
...

XJ,t

 (9)

Sector’s demand vector is then only function of demand parameters, given
in the short-run (but evolving over time), and of exports, assumed to be
exogenously defined in our model.

2.2 Defining micro-behaviours

At the micro-level a firm’s output is determined by its share of the sectoral
demand. The production technology of a firm consists in a combination of all
sectors products (including the sector in which the firm produces) and labour,
as defined by the production function (equation 10). Firm’s labour productiv-
ity dynamics is assumed to follow a Kaldor-Verdoorn Law (Verdoorn (1949);
Kaldor (1966)). Firms set prices according to a mark-up mechanism. We
therefore represent a technological shock by changes in firms’ labour produc-
tivity, on the basis of a Kaldor-Verdoorn mechanism and, simultaneously, by
changes in the structure of the intermediate coefficients. This allows us to
endogenising technical change as having both a micro-level effect, on firms’
productivity dynamics and market shares; a a meso-level effect on sector’s
production costs and therefore prices; and a macro-level effect on the struc-
ture of the economy via changes in the intermediate coefficients matrix.

A firm i active in a sector j is defined by the following production function:

Yj,i,t = min

(
1

a1,j,i,t

Y D
1,j,i,t, ...,

1

ak,j,i,t

Y D
k,j,i,t, ...,

1

aJ,j,i,t

Y D
J,j,i,t, Bj,i,tLj,i,t

)
(10)

The production level a firm i in a sector j is defined as a share zj,i,t of sector
j’s demand:

Yj,i,t = zj,i,tYj,t (11)
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The firm’s demand for sector k products is therefore defined as follows:

Y D
k,j,i,t = ak,j,i,tYj,i,t (12)

And its demand for labour is defined as follows:

Lj,i,t =
Yj,i,t

Bj,i,t

(13)

Bj,i,t represents firm’s labour productivity. The latter is assumed to follow
a Kaldor-Verdoorn Law. Hence labour productivity dynamics can be repre-
sented as follows:

∆Bj,i,t

Bj,i,t−1

= β + λj
∆Yj,i,t

Yj,i,t−1

(14)

The firm’s market share is defined through a replicator dynamic, defined as
follows:

zj,i,t = zj,i,t−1

(
1 + φ

(
Ej,i,t

Ej,t

− 1

))
(15)

where Ei,j,t and Ej,t respectively represent the firm’s competitiveness and the
average competitiveness of the sector j. Firm’s competitiveness is defined as
the inverse of firm’s price level:

Ej,i,t =
1

pj,i,t

(16)

Firms set prices applying a mark-up (µj,i) to their unitary production costs
(κj,i,t). The latter are defined as follows:

κj,i,t =
J∑

k=1

ak,j,i,tpk,t +
wj,t

Bj,i,t

(17)

where pk,t represents the average price in sector k :

pk,t =
∑

i

zk,i,tpk,i,t

and wj,t the wage rate applied in sector j at time t. Hence prices are set by
firms as follows:

pj,i,t = 1 + µj,i

(
J∑

k=1

ak,j,i,tpk,t +
wj,t

Bj,i,t

)
(18)

Wages are set at the sectoral level. For a given sector j wage dynamics will
be correlated to sector j productivity growth rate ( ∆Bj,t

Bj,t−1
) and to the entire

economy productivity growth rate ( ∆Bt

Bt−1
). The effect of these two variables

on wage dynamics is weighted by the parameter ν ∈ [0; 1], such that :
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- When ν = 1, the wage dynamics for every sector only depend on the
macro-level productivity growth rate. (i.e. as a centralised wage nego-
tiation system)

- When ν = 0, the wage dynamics for every sector only depend on the
sector-level productivity growth rate. (i.e. as a sectoral wage negotia-
tion system)

Wage dynamics of the sector j, in the economy c is represented as follows:

∆wj,t

wj,t−1

= ν
∆Bt

Bt−1

+ (1− ν)
∆Bj,t

Bj,t−1

(19)

With

Bt =
Yt

Lt

and Bj,t =
Yj,t

Lj,t

Note that the wage level defined with this process during the period t is ap-
plied by firms at period t + 1. Wage dynamics in our model act as a second
macro-constraint on firms. Hence, it affects directly firms competitiveness
and then the effect of the selection mechanisms on firms. Firms in a given
sector of an economy will loose competitiveness if their own productivity
growth rate is slower then the average one. Moreover, when ν 6= 0, wage
dynamics generate a selection process among sectors. Hence, if the average
productivity of a sector grows slower then the average productivity growth
rate of the entire economy, through wage dynamics, this sector looses com-
petitiveness. The amplitude of this effect directly depends on the value of
the parameter ν.

Technical change at the level of the firms consists in changes in labour
productivity as defined by Equation 14 and by changes in the coefficient
defining intermediate demand (ak,j,i,t). The changes in intermediate demand
coefficients are assumed to be stochastic. Formally the changes in interme-
diate coefficients is represented by the following algorithm:

1. Firms draw a number from a Uniform distribution on [0 ; 1].

2. If this number is contained in the interval [0 ; σ], a technological shock
occurs. σ is the fixed probability of a technological shock to occure.

3. If a technological shock occurs, every coefficients change following the
procedure that follows :

a
′

k,j,i,t = ak,j,i,t−1 + εk,j,i,t (20)

εk,j,i,t ∼ N(0; ρ) (21)

where ρ is given.
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The new set of coefficient (a′1,j,t, ..., a
′
k,j,t, ..., a

′
J,i,t) as defined by this stochas-

tic process, is introduced in the production function if the potential unitary
cost is lower then the actual unitary cost:

(a1,j,t+1, ..., aJ,j,t+1) =


(a′1,j,t, ..., a

′
k,j,t, ..., a

′
J,i,t) If

∑J
k=1 a′k,j,i,tpk,t <

∑J
k=1 ak,j,i,tpk,t

(a1,j,t, ..., ak,j,t, ..., aJ,i,t) Otherwise
(22)

A firm exits the market if its market share is below z̄. It is immediately
replaced by a firm whose characteristics correspond to the average values
characteristics of the sector.

The dynamic functioning of the model is therefore based on the following
mechanisms, across different levels of analysis:

1. An (exogenous) technological shock (i.e. driven by the adoption of
ICTs) translates, at the firm level, into lower input costs and prices,
which augment firms’ market share. The Kaldor-Verdoorn mechanism
assures that a virtuous circle between firm’s output growth pulled by
demand, positive labour productivity dynamics, and further lowering
prices and higher demand occurs.

2. At the sectoral level, the (diverse) higher sectoral market share affects
the structure of intermediate coefficients, which in turn explains dif-
ferent patterns of structural change of the economy, driven by both
technological shocks at the firm level and by changes in the intermedi-
ate demand.

3. The aggregate outcome in terms of (output) growth is therefore a func-
tion of both the single firms’ absorption of technological shock (via
lowered prices, higher final demand and output growth, i.e. Kaldor-
Verdoorn-like) and the meso-level adjustments in terms of changed in-
termediate coefficients, the main responsible for the evolution of the
structure of the economy.

3 Demand, Technology and Structural Change:

Simulation Results

3.1 Simulation Procedure

We conduct numerical simulations on the model developed in Section 2, in
order to investigate the sources of the changes in demand and their effect on
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the sectoral structure of the economies. The simulations are conducted as
follows:

- The country specification contains 13 sectors, corresponding to the 13
sectors used in the Input–Ouput Structural Decomposition Analysis
carried out in Savona and Lorentz (2006) and reported for convenience
in Table 2 in the Appendix.

- Each of the sectors contains 20 firms.

- The results presented are the average outcome of a minimum of 50
replications of the simulation setting. Each simulation runs over 250
steps.

In order to reduce the spectrum of the parameters to be studied, we set
the initial structure of the simulation parameters on the basis of the data used
in Savona and Lorentz (2006), focusing on the German case. The simulations
are carried out on the basis of the actual OECD STAN (1970–1999) and I–O
data at the first time step for the following variables and parameters:

- Sectoral intermediate I–O coefficients (aj,k,t). Table 3 in the Appendix
reports the initial simulation step structure of the intermediate coeffi-
cients, as drawn from the German Input–Output tables for 1978.

- Sectoral exports (Xj,t). These figures are drawn from the I–O tables
for Germany 1978, and reported in Table 4 in the Appendix.

- Sectoral shares of final consumption (cj,t). These are computed as the
ratio between the sector’s consumption and total consumption using
the 1978 German I–O table. The figures are reported in Table 4 in the
Appendix.

- Sectoral shares of import (mj,t). These are computed as the ratio be-
tween sector’s foreign demand and sector’s total demand (final and
intermediate) using once again the 1978 German I–O table. Also these
figures are detailed in Table 4 (Appendix).

- Sectoral Kaldor–Verdoorn parameters (βj and λj). These figures have
been estimated using the OECD STAN (1970–1999) data base, and are
also reported in Table 4.

We identified four scenarios leading to structural change and analyse the
effect of these scenarios in the case of a simulation specification based on the
German data. The scenarios are detailed in the next section. It is useful to
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bear in mind that we do not aim to carry out a proper calibration exercise,
as we do not aim to reproduce the trend observed in the data. Rather, we
aim to investigate whether the results emerging from the various simulation
scenarios are plausible with respect to the empirical findings.

We measure the effect of the different scenarios on the structure of the
economy through two different dimensions:

1. The degree of concentration, in income (nominal product), real output
and employment. This degree is measured using an inverse Herfindahl
index. The index is intended to measure the unevenness of labour and
resources allocation among sectors, as well as the changes in these latter
due to the mechanisms involved by the various scenarios.

2. The sectoral composition of the economy, in terms of real output and
employment. This dimension allows us to detail the changes occurring
according to the various scenarios.

3.2 Simulation Scenarios

Drawing upon the stylised facts found in Savona and Lorentz (2006) and some
preliminary simulations, we identified four main scenarios driving structural
change. Three of these lead to changes in intermediate demand and the fourth
to changes in the structure of final consumption. Each of these four scenarios
corresponds to a specific setting of a selected number of key parameters. The
four scenarios can be described as follows:

1. The “Baumol disease” scenario: In this case, the structural change of
the employment (and output) composition of the economy follows a re-
allocation of workers toward the least productive sectors. In our model,
this scenario emerges as a result of a priori differences in cross-sector
productivity levels, holding final and intermediate demand constant.
The differences in productivity levels among sectors mechanically lead
to higher shares of employment in the least productive sectors. The dif-
ferences in productivity levels are linked to the differences in the values
of the Kaldor-Verdoorn parameters among sectors. In other words, the
dynamics emerging in this scenario are defined by the initial conditions.
In this case, the parameters are set as follows:

(a) The selection mechanism occurs (φ = 1).

(b) The changes in intermediate coefficients are neutralised (σ = 0).

(c) The structure of final demand remains constant (All cj,t = cj).

14



2. The “Schumpeterian” scenario: In this case structural change is driven
by changes in the intermediate coefficients. The changes in the macro-
structure of the economy is only due to technological shocks. These
latter diffuse in the economy via the selection mechanisms. The struc-
tural change favouring a small number of sectors is therefore only due
to the characteristics of the stochastic processes defining changes in the
intermediate coefficients. The parameters are set as follows:

(a) The selection mechanism occurs (φ = 1).

(b) The sectoral wage growth rates are perfectly correlated with the
sector productivity growth rate (ν = 0).

(c) The structure of final demand remains constant (All cj,t = cj).

(d) The changes in intermediate coefficient occur (σ 6= 0).

3. The “cost reduction” scenario: In this case structural change is driven
by the changes in the cost structure at the level of the firm, simul-
taneously due to the changes in the intermediate coefficients and to
differences in productivity levels among sectors. Wages are perfectly
correlated to the aggregate productivity dynamics (ν = 1). In this case,
wages do not absorb the sectoral differences in productivity growth
rates. These latter therefore directly affect the production costs and
prices of firms. Selection occurs on the basis of price competitiveness.
In a given sector, firms that are more likely to survive are therefore
those who are able to use the cheapest combination of the others sec-
tors’ (intermediate) inputs. This affects the structure of the interme-
diate demand and therefore the structure of the economy. In this case
parameters are set as follows:

(a) The selection mechanisms occur (φ = 1).

(b) The changes in intermediate coefficient occur (σ 6= 0).

(c) The sector wage growth rates are perfectly correlated with the
aggregate productivity growth rate (ν = 1).

(d) The structure of final demand remains constant (All cj,t = cj).

4. The “final demand driven” scenario: In this case structural change is
only driven by changes in the sectoral consumption shares. Sectoral
shares of consumption change independently from each other. There
is no changes in the sectoral interdependencies. Structural change is
driven by the differences in income elasticities of final demand. In this
scenario, parameters are set as follows:
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(a) The changes in intermediate coefficient are neutralised (σ = 0).

(b) The share of a sector in final consumption is function of income

elasticity (All cj,t =
Y

εj
t−1

Yt−1
).

(c) There exist differences in the income elasticity levels among sectors
(εj 6= εk for j 6= k)

The scenarios rely on a limited number of parameter changes. Modifying
the values for σ and ν allows us to consider three different sets of causalities
leading to changes in the structure of intermediate demand, i.e. supply– and
intermediate demand–led structural changes. The last scenario is based only
on changes in the structure of final consumption. The relationship between
the various parameter settings and the scenarios is summarised in Table 1:

Table 1: Simulation scenarios

ν = 0 ν → 1

σ = 0
εj = εk εj 6= εk

“Neutral” case “Final demand
driven” scenario

“Baumol disease” scenario:

σ 6= 0 “Schumpeterian” scenario “Cost reduction” scenario

3.3 Simulation results: the case of Germany

This section presents the results obtained from the numerical simulation
carried out for Germany. We applied the parameter configurations corre-
sponding to the three scenarios affecting intermediate demand (Scenarios 1,
2, and 3 as illustrated in the previous Section) to the model set using the
I–O data for Germany. Note that we did not consider the fourth scenario for
Germany as the data do not show any significant change in the structure of
final consumption.

The empirical evidence for Germany, as emerging in Savona and Lorentz
(2006), shows an increase in the degree of concentration of output, between
1978 and 1995. In other words aggregate output has been growing but con-
fined to a small number of sectors.

Figures 1 to 2 respectively present the degree of concentration measured
for income, employment and real output. The figures have been obtained
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for various specifications of the parameters σ and ν, in such a way that
they emerge as the effects of the dynamics consequent to the three different
scenarios. In particular:

- Keeping σ null and moving along the y-axis corresponds to the emer-
gence of a “Baumol disease” type of dynamics;

- Keeping ν null and moving along the x-axis corresponds to “Schum-
peterian” types of dynamics of structural change;

- Modifying simultaneously ν and σ generates “Cost reduction” type of
structural change.

Figure 1: Income sectoral concentration (Inverse Herfindahl index)

As illustrated by Figure 1, in the two extreme cases, the “Baumol dis-
ease” and the “Schumpeterian” cases, the dynamics lead to lower degrees of
concentration in income than the “Cost Reduction” or intermediate case. A
similar pattern emerges when considering the concentration in employment
(see Figure 2).

Figure 3 presents the concentration levels in terms of output, measured
for the various specifications of the parameter ν and σ. A drastic difference
appears with respect to income and employment. As the wage dynamics tend
to be more centralised, when keeping the probability of technological shocks
to zero, the output concentration, measured at the end of the simulations,
appear higher. In other words, in the case of the “Baumol disease” scenario,
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Figure 2: Employment concentration (Inverse Herfindahl index)

Figure 3: Real output concentration (Inverse Herfindahl index)

the output structure concentrates in a smaller number of sectors. On the
contrary, the dynamics considered in the “Schumpeterian” scenario lead to
a lower level of concentration (higher dispersion).

These results are confirmed by Figures 4 and 5 that reports the evolu-
tion of the measure of concentration of output along the simulations for the
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Figure 4: Real output concentration (“Baumol disease”)
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Figure 5: Real output concentration (“Schumpeterian Case”)

two extreme scenarios. Figure 4 clearly shows that, in the “Baumol disease”
case, output concentrates in a small number of sectors over time. This pro-
cess is accelerated as wages are more centralised (ν → 1). In the case of a
“Schumpetarian”-like structural change (Figure 5), the emergence of techno-
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logical shocks dramatically reduces the concentration index. The more likely
are the technological shocks, the faster and more significant the reduction of
the concentration index.
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Figure 6: Employment concentration (“Baumol disease”)
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Figure 7: Employment concentration (“Schumpeterian Case”)
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Figures 6 and 7 present the evolution of the inverse Herfindahl index in
employment shares respectively for the “Baumol disease” and the “Schum-
peterian” scenarios. In both cases we observe an increase in concentration
but, the closer to the extreme values (i.e respectively ν → 1 and σ → 0, 5),
the slower and lower the concentration.

More precisely, as wage dynamics become more centralised, the concen-
tration slows down over time. As the dynamics tend to the “Baumol disease”
scenario, employment is less concentrated in a small number of sectors.

In the second case, the more frequent the technological shocks (while
keeping wages decentralised), the slower and lower the index of concentra-
tion in the structure of employment is.

Overall, we can summarise the dynamics related to each scenarios as
follows:

1. In the “Baumol disease” scenario, structural change dynamics lead to a
lower degree of concentration in the income and employment structures
but a higher degree of concentration in the output structure.

2. In the “Schumpeterian” case, structural change results in a lower degree
of concentration for all the variables. The economic activity spreads
among a larger number of sectors as compared to the initial conditions.

3. In the “Cost reduction” scenario, structural change dynamics lead to
amplifying the initial heterogeneity, deepening the degree of concentra-
tion for all the indicators.

These results might be explained as follows: In the “Baumol disease”
case, structural change is only driven by the differences in the productivity
dynamics across sectors. As wages are centralised, these productivity dif-
ferences directly affect the demand structure via the relative prices and the
employment structure. Sectors with higher (than the average) productivity
growth experience a decrease in prices over time and therefore an increase
in demand. This explains the growth in the degree of concentration of real
output. The high productivity sectors increase their level and share of out-
put via reducing their prices. The low productivity sectors reduce their level
of output as they experience an increase in prices. As these two effect com-
pensate, this explains the lowering in the degree of concentration in the in-
come structure. Similarly the loss, respectively gains, in output are partially
compensated by the higher, respectively lower, gains in labour productivity,
implying then a reduction, respectively increase in the sectoral shares of total
employment. This would also account for the lower degree of concentration
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in the employment structure.

In the “Schumpeterian” case, wages are decentralised and therefore ab-
sorb the heterogeneity in productivity dynamics. The only source of struc-
tural change are the technological shocks occurring at the micro-level chang-
ing the technological coefficients in the production functions. The more fre-
quent the shocks, the more frequent the changes in the structure of interme-
diate demand. However, the shocks follow similar patterns of distribution
among sectors. As a consequence, technological shocks tend to reduce the
differences in intermediate demand, among sectors. Therefore the more fre-
quent the shocks the lower the degree of concentration in output. As wages
absorb the changes in labour productivity, price dynamics follow the changes
in the technological coefficients. At the meso-level, this implies that the less
concentrated the output the less concentrated the income structure. The
employment structure of the economy is a consequence, also in this scenario,
of the differences in productivity dynamics among sectors, though this effect
is slowed down by the technological shocks.

In the “Cost reduction” scenario, structural change is simultaneously due
to the differences in the productivity dynamics among sectors and to the
technological shocks. In this case, as technological shocks diffuse among the
sectors and in the economy, they tend to amplify the sectoral heterogeneity
in intermediate demand due to the differences in productivity. The shocks
are absorbed at the micro and meso level, through the selection mechanisms,
only if these reduce the production costs. The absorbed shocks are those
favouring the most productive sectors. Hence, the productivity differences
affect demand via the relative prices but also through the cost reduction
linked to the adoption of technological shocks. The combination of these two
mechanisms therefore reinforces the concentration dynamics in a small num-
ber of highly productive sectors. This last scenario might therefore be the
most likely to explain the increase in concentration found in the empirical
evidence.

The dynamics described above are illustrated in Figures 8 to 13, pre-
senting the evolution of the sectoral composition of the economy for each
scenarios.

As shown by Figure 8, in the case of a “Baumol disease” type of structural
change, the manufacturing sectors, experiencing higher productivity growth,
grow in terms of output, while sectors as KIBS or TRADE tend to decline.
On the contrary, these latter gain importance in terms of employment shares
while the manufacturing sectors employment shares decline (Figure 9).
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Figure 8: Sectoral composition in real output (“Baumol disease”)
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Figure 9: Employment sectoral composition (“Baumol disease”)

In other words, the structural change as generated in the “Baumol dis-
ease” scenario tends to re-industrialisation and de-tertiarisation of the econ-
omy. The mechanisms behind this scenario favours high productivity man-
ufacturing activities. This scenario is therefore unable to account for the
empirical evidence found in the case of KIBS.

The structure of the economy resulting from a “Cost reduction” scenario
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Figure 10: Sectoral composition in real output (“Cost reduction”)

is similar, favouring the manufacturing activities as shown by Figures 10 and
11. The changes in the output structure are however amplified with respect
to the “Baumol disease” case.
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Figure 11: Employment sectoral composition (“Cost reduction”)

There again the manufacturing branches benefit from the mechanisms
underlying this scenario due to the fact that these sectors are characterised
by higher productivity levels. However, this result might be directly linked
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Figure 12: Sectoral composition in real output (“Schumpeterian case”)

to the fact that the dynamics implied in this scenario accelerate and amplify
the effects triggered by productivity differences (as in the “Baumol disease”
case) or by technological shocks.

Figure 12 and 13 present the evolution of the output and the employment
structure of the economy when considering a “Schumpeterian” scenario. In
this last case the share of each sectors in terms of output seems to converge
(Figure 12). This result is directly link to the symmetry of the technological
shocks among sectors. These latter follow the same pattern of distribution
regardless the sectors.

However, the structure of employment follows exactly the same scheme
as in the “Baumol disease” case. Employment is structured by the produc-
tivity differences, as in the latter case. As wages are centralised, the effect of
productivity differences is confined to the employment structure.

Figure 14 presents the evolution of the sectoral structure in Germany for
the period 1978-1995. One can clearly observe a tendency toward tertiarisa-
tion with the rise of the shares of KIBS and SOCIAL and more generally a
gain in importance of all the service sectors parallel to the relative decline of
the manufacturing activities.

This structure is exactly the opposite of the one generated in both the
“Baumol disease” and the “Cost reduction” scenarios. In other words, ac-
cording to both these scenarios, the structural changes generated exhibit a
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Figure 13: Employment sectoral composition (“Schumpeterian case”)
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Figure 14: Sectorial composition in real output (Germany 1978-1995)

tendency towards industrialisation rather then tertiarisation observed in the
German data. These two scenarios rely on the existence of productivity dif-
ferences among sectors. We can therefore conclude that the growth of services
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in Germany cannot to be directly imputed to the structure of productivity
differentials.

The simulated results obtained through the various scenarios do not seem
to provide any straightforward explanation of the determinants of structural
change and growth of services in Germany. However it has allowed us to
reject a purely “Baumol disease” explanation. A better explanation for the
structural change leading to the growth of services might be found at the
micro-level of analysis, particularly in the nature of technological shocks.
In this respect, the model considers symmetrical shocks whereas in reality
these shocks are asymmetric and de facto leading to sectoral differences in
the growth rates and output concentration. However, this asymmetry can
hardly be introduced directly in the model, but evidences sustaining this idea
might be found in micro-level empirical contributions (Savona, 2004; Cainelli,
Evangelista, and Savona, 2006).

Moreover, as found in Savona and Lorentz (2006) in the case of Germany,
the growth of services seems to have been complementary rather then detri-
mental to the growth of manufacturing sectors. Tertiarisation processes in
Germany has been driven by the combination of highly productive manu-
facturing sectors and asymmetric technological shocks. These shocks have
favoured the expansion of services following an increase in the inter–sectoral
division of labour (i.e. the extension of outsourced activities by the man-
ufacturing sectors) and an increase of the intermediate demand for service
activities. A more in–depth exploration of such a scenario would require more
a “history-friendly” approach. Unfortunately, the data used to set some of
the initial parameters in the present work do not allow such methodological
tool. This might be the subject for future developments of research.

4 Conclusive remarks

The paper has aimed to add to the still on-going debate on the determinants
of structural changes of the economy, particularly those leading to the growth
of services. In the present work we have built upon the empirical evidence
found and summarised in Section 1, in the belief that this can be interpreted
in the light of both the Keynesian and the neo-Schumpeterian streams of
literature. Our conjecture is that the determinants of structural change and
particularly the growth of services in the advanced countries over the last
decades implies the co-presence of (and most likely a virtuous circle between)
a sustained growth of patterns of final demand, especially private and public
domestic consumption, and radical changes in the sectoral division of labour,
following technological changes and changes in the production organisation
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of most branches of the economy.
A growth model with evolutionary micro-founded structural change has

been developed in Section 2. The model has been simulated on the basis
of four different scenarios, accounting for both demand and technological
determinants of structural change. The scenarios have been identified both
along the main lines around which the debate over tertiarisation has revolved
and on the empirical stylised facts found in our previous work (Savona and
Lorentz, 2006). The simulation procedures and the characteristics of the
scenarios are detailed in Section 3.1 and 3.2 respectively.

The model has been simulated on the basis of the actual (initial year) I–O
intermediate coefficients at the first time-step. The results of the simulation
scenarios are discussed at length in Section 3.3.

At this stage of the work, we have been able to conclude that the struc-
tural changes occurred in the case of Germany have been driven by a synthesis
of the three stylised scenarios identified in this paper. In particular, and in
line with the empirical evidence, the “Baumol” case cannot alone explain the
actual patterns of tertiarisation occurred in Germany over the past decades.
Rather, the intertwined effect of changes in the intermediate demand and
technological shocks has been at work. However, more a refined account
for the nature and the effects of technological shocks should be considered.
The model is based on symmetrical technological shocks whereas in reality
the empirical evidence is the results of asymmetrical technological shocks. To
achieve this we need to revert to more disaggregated data on the mechanisms
behind these shocks. This issue will be part of our future research agenda.

All in all, the present work has also aimed to start filling the fracture
between Keynesian and neo-Schumpeterian ‘lines of thought’ (Verspagen,
2002a) in the belief that more effort should be devoted to integrating - es-
pecially in the domain of services - these two main theoretical streams, in
turn driven by the idea that the growth and composition of demand might
be the ultimate shapers of changes in the structural composition of advanced
economies.
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Appendix

Table 2: Sectors Included in the analysis

ISIC Rev.3 Acronym Industry
1-14 AGRI Agriculture, hunting, forestry, fishing, mining,

and quarrying
15-16 FOOD Food products, beverage and tabacco
17-19 TEXTILE Textiles, textile products, leather and footwear
20-22 WOOD Wood, wood products, cork, pulp, paper,

paper products, printing and publishing
23-26 CHEM Chemical, rubber, plastic, fuel products,

and other non-metallic mineral products
27-35 MACHINERY Basic and fabricated metal prod.,

machinery and equipments
36-37 MANEC Manufacturing n.e.c.
40-45 ELEC Electricity, Gas, Water and Construction
50-55 TRADE Wholesale and retail trade; Hotels and restaurants
60-64 TRACOM Transports, storage and communications
65-67 FINANCE Financial Intermediation
70-74 KIBS Real estate; Renting of machinery and equipment;

computer and related; R&D; business services**
75-99 SOCIAL Community; social; personal and other government

services
**Business services (74) includes: Legal and Accounting; Engineering; Technical
Consultancy; Marketing; Training; Cleaning; Security
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Table 4: Initial values for selected coefficients (Germany 1978)

Exports Consumption Import K–V coefficients
shares shares

Xj,t* cj,t* mj,t* λj** βj**
AGRI 9768.69818 0.00801 0.39532 0.872 -0.002
FOOD 14510.06581 0.04785 0.11404 0.862 -0.001
TEXTILE 16484.99734 0.01964 0.35369 0.475 0.034
WOOD 10152.96088 0.00863 0.13128 0.715 -0.002
CHEM 65014.43969 0.02415 0.21723 0.851 -0.001
MACHINERY 204944.78578 0.03033 0.17266 0.582 -0.001
MANEC 12873.43864 0.00520 0.22848 0.612 0.005
ELEC 3117.50666 0.01261 0.00509 0.469 -0.021
TRADE 13869.20244 0.06247 0.01892 0.717 -0.002
TRACOM 23830.67028 0.01489 0.08088 0.902 0.001
FINANCE 366.39001 0.00828 0.00449 0.928 -0.03
KIBS 7777.17059 0.0541 0.03043 0.217 0.004
SOCIAL 3263.04137 0.09851 0.01350 0.812 -0.011

Source: *OECD Input Output Tables, own calculation
**OECD STAN, own calculation
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